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PREFACE TO THE ELEVENTH EDITION 


To preserve MansorTs Tropical Diseases as a serviceal)le manual 
for the ])raciit inner in the trojiics, fulhllin" at the same time 
the })urpose of a resume of scientific ])rof^ress in an ever- 
widening^ sphere of activity, is admittedly no easy matter. 

Progress, so rapid and on such an increasing scale, necessitates 
complett^ revision of this hook every three or four years. The 
Editor, tliough conscious of his limitations, has endeavoured 
once again to the l)est of his ability, to carry out his original 
aim in this the fifth of the series to which he has set his hand 
since he assumed the responsihility of Editorshij), after the death 
of Sir Patrick Manson. 

On this occasion, he has taktui the op])ort unity of deleting 
much ancient history in thi' t(‘xt and including, in its place, 
chapters on tiie ])r(‘paration for life in the tropics. In addition, 
he has attempted to summarize* in a concise form the intluence of a 
tropical e*nvironjm‘nt in altering or moulding the facies of common 
diseas(*s (*ncountered in ordinary jeractice. In this connection 
he would stress the fact, ofttui not as much a[)preciated as it 
should !)(*, that, in d(*aling with the dise*ase in the tropics the 
|)ra,ctitiont‘r is often factal with a com])osite problem, due to the 
existence of multi])k* and diveu'se parasitic infections in the same 
[)atient, and the fact that tin* symptomatology of some of the 
coiymoner systemic diseas(*s may become masked or disguised by 
some su])eradded ])rotozoal or helminthic infection. For these 
leasons tlu; diagnosis, and (‘onsequently the treatment, of diseases 
in tla* tropics may become much more complicated and involv(‘(l 
than would be the case in noii- tropical countries. 

The greater attention that is being given to nutrition, which 
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it is now realized lies at the root of many human ills, has 
necessitated the inclusion of the elements of this subject in a 
general survey of life in the torrid zone. It is felt that this new 
departure will be welcomed by many. 

Several sections, notably those of yellow fever and typhus, 
have undergone very considerable revision, whilst other chapters, 
such as those on technique, liave been omitted in order to make 
room for new matter. The malaria clja])ier has been drastically 
pruned of non-essential elements, and the zoological aspects of 
the causative parasites relegated to the Appendix, where they 
properly belong. 

The Editor is conscious of the debt he owes to correspondents 
in every part of the world for many helpful suggestions and 
improvements, to all of which he has paid the attention they 
deserve. Though he has made himself responsible for the whoh' 
of this revision, he would take this opportunity of thanking 
Dr. G. W. Marshall Findlay, C.M.G., once more for his valued 
help in connection with the virus diseases, and also Dr. liussell 
Amies, who has given similar assistance with the smallpox group. 

He would also acknowledge the continued loyal co-operation 
of Mr. W. J. Muggleton, M.S.M., with whom he has been 
associated for so many years. 

Finally, he is deeply appreciative of tlie reception which has 
been given to Manson’s Tropical Diseases throughout its long 
career. 

Philip Manson-Bahr. 

149, Harley Street, WA, 

January y 1940. 

NOTE. 

In scientific textbooks and in those devoted to materia medica, 
the term “ millitre,” or ” mil ” is being employed instead of the 
“ c.c.” The “ mil ” is now adopted as the official standard in 
England, but it has not been used in this book as the term is not 
yet recognized internationally, nor do the “ mil ” and the “ c.c.” 
represent identical amounts. 

Throughout this book, whenever possible, the equivalents are 
given in the apothecaries’ and metric systems. 



PREFACE TO THE FIRST EDITION 


A MAM AT. on the (liscuises of warm (*limati*s. of liandy size, and 
yofc ing adofjuat(i information, has lon^,^ been a want ; for the 
(•xif^(‘nci(‘S of travel and of tropical life are. as a rule, incompatible 
witli bi^ volumes and lar^e libraries. This is the reason for the 
pr(‘S('nf work. 

While it is hoped (hat the book may prove of practical ser\ ice, 
it mak(‘S no pretension to beinj^ anythiiijL; more than an intro- 
duction to tlu' imp(U'tant dey)artment of me<licine of wliich it 
treats ; in no scaisc* is it ymt forward as a eomplet(' treatise, or as 
b(*in ;4 respect comparable to the more elal)orate works 

by I)avidson. Scheube, Eho, Laverari, Corn*, Roux, and other 
systematic writers in tlie same field. 

d'he author avails himself of this opportunity to acknowledge 
tlu‘ valuable assistance hi* has received, in revising the text, from 
l)r. \j. W(*stenra Sambon and Mr. David Rees, M.R.C.S., L.R.C.P., 
8uj)erintendent , Ijondon School of d'ropical .Medicine. He would 
also acknowledge his great obligation to Mr. Richard Muir, 
JAithological Laboratory, Kdinburgh University, for his care and 
skill in j>n‘])aring the illustrations. 
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CHAPTER I 
LIFE IN THE TROPICS 

GENERAL ORSERVATION8 

It is difficult to define in exact terms what is meant by “ a complete 
method of assessment of fitness for life in the tropics.” There should be 
an attempt to sum up the individual in all his aspects, not only as regards 
fitn(‘ss of the body and internal organs to withstand the strain of 
tropical conditions, but taking into account also his nervous system and 
ability to remain stable and serene in the face of privations and petty 
provocations. ^J’bis may seem a counsel of perfection, yet it is 
unquestionably true that in this, as in other circumstances, character 
and temperament are all-important, the correct estimation of which 
is a matter of judgment, and of judgment alone, since we do not 
possess a single reliable test to indicate the reactions of the individual 
to sucli changed environment. Experience therefore is the only 
guide, and the question is one which agitates the minds of those 
who sit on Selection Hoards and of other bodies charged with this 
responsibility. 

It is by no means always true that the obviously athletic, physically- 
developed individual stands up to the isolation and totally changed 
environment, in wliich he necessarily finds himself, as well as another 
who may be more mediocre, both in physique and upbringing. On 
the wdiole, it may be said that the attainment of a certain degree of 
toughness, with a capacity for roughing it, together with that 
innate instinct of fending for oneself, wdiich is so often exhibited 
in the hardy northern races, is a much more suitable preparation than 
the sheltered life enjoyed by many of the educated young people of 
the present day. The main requirement is adaptability, and this 
almost un definable quality is met with mainly in those whose path 
through life has not been rendered too smooth. This applies mainly 
to men, but is true in a lesser degree m the case of women. 

The best kind of Jiiind for tropical life is one of an enquiring nature : 
one which takes an interest in the people and things around ; in fact 
the type of person best fitted for this kind of existence is one who has 

1 
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a passion for hobbies of all sorts, and if a particular hobby should bo 
his life’s work, he is all the more fortunate. Such a one is not unduly 
sensitive to the “ slings and arrows of outrageous fortunes” A good mixer 
and socially inclined towards his own race, he nevertheless shows a 
sympathetic and understanding attitude to his native associates. 

In this assessment of mental suitability, it is im])ortant that the 
antecedents of the applicant should be scanned in all their bearings. 
Thus it is essential to enquire into family, u})bringing, school, 
University career, etc., the idea being to discover, not so much the 
scholarly and athletic prow^ess of the candidate, as his general bearing 
towards his fellows, and to reveal the existence of comph'xes and fads 
which would militate against his success abroad. Tla* tropics is no 
place for the highly-strung, or persons of a neurotic t(md(?ncy. In the 
case of young men it is inevitable that the question of alcohol con- 
sumption, excessive smoking and other deleterious habits should be 
raised. This, naturally, is often a delicate matt(‘r, but it is so vitally 
important that even if there is a suspicion of excess, the candidate is 
thereby unfitted for tropical service, in that what might constitute a 
minor (ivil in civil life in temperate zones may constitute a vice und(!r 
the more exacting conditions of the tro])ics. It must be understood 
that no implication is intended that the strict teetotaller is any more 
htted than the one oppositely inclined. Tlu' emphasis is on moderation 
and self-control. The standard of lit ness should be ('stimated 
individually : no hard-and-fast rules can be laid down. 

The age of the candidate is obviously an important consideration, 
and in this connection there is some general agreement, lie or she? 
should have attained to maximum development bdore going out. 
Those under twenty-one — and this is true (‘specially of women — 
withstand extreme lieat and humidity badly, and ai)])ear, moreover, 
to be more susc(3})tible to tropical diseases. Women should be fully 
matured in mind as well as in body ami, as a rule, their age 
should be somewhat higher than for men, viz. from twenty-three to 
twenty-tive. It is a matter of observation that men ov(3r forty hnd 
it very difficult to accustom themselv(‘S to intense heat, though 
exceptions will readily occur to the mind such as Robert Koch, a 
pioneer in medical scicaice, and Abel Chapman in zoology. Roth had 
already passed the limit stated ere they set foot in C{‘ntral Africa, and 
found themselves equal to its exacting demands. 

While, as to lieigJd and weight there can be no absoluti^ standard, 
the amount of deviation from the generally accepted avi^rages should 
not be great. As a rule, spareness is more desirable than plumpness. 
Certainly the tropics is no place for the j>ositively fat man. I’he 
“ lanky,” spare type is best suited to tropical conditions, and the 
dark-haired, brown-eyed and dark-complexioned is generally considered 
more fitted than the blue-eyed, fair-haired, tender-skinned ” Norse ” or 
“ Aryan ” type. It is generally assumed that the brunette southern 
type with increased pigmentation of the skin is thus endowed as a 
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protection against heat, but here again, it must not 1)0 thought that 
there are not exceptions to tliis rule. 

PASSING CANDIDATES FOB THE TROPICS 

The standard adopted for passing candidates for life in the tropics 
need not n(‘cessarily l)e as high as that required for military purposes 
or for tlie Royal Air Force. xNevertheless, a certain degree of fitness 
should be aimed at . The candidate must thcTebjre be examined from 
head to foot. 

Teeth.— -As the food in tlie tropics is neither so palatal)le nor so 
easily masticated as in tlu* comy)aratively luxurious conditions at 
home*, s})ecial attiaition must be ])aid to the masticatory apparatus. 
Teeth must reacli a high standard, and candidat(‘S with universally 
carious teeth or incomplete dentine should be eliminated. Everyone 
who ])roj)oses to go to the tropics should have his mouth put in order, 
because dental decay takes place in intense heat more rapidly than 
elsewluTi*, and it, is (juite unfair to blame regular quinine prophylaxis 
for any share in this process. Idiere cannot ht* any objection to 
dentures, provided that the^ owner ])oss(‘ss<*s a spare set, and that they 
are adeMjuate and comfortable. 

Nose and throat. — Spf'cial care should hi* din'cted to the tonsils. 
If th(*y an* enlarged and septic they must he enucle*ated prior to tropical 
servici*. Snhj(‘cts of })ost -nasal catarrh and chronic granular pharyn- 
gitis do not do well. Sinus trouble does not improve in the tropics 
and, as n*gards North and West Africa, where sandstorms are commonly 
encountered, persons suflt‘ring from clironic antral disease should he 
discarded. 

Eyes and ears.— A reasonable degree of visual acuity is essential. 
Opinions differ considerably n*garding the extent of visual deficiency 
which may he passed over. The Editor is of the opinion that grave 
refractive errors are deleterious, and under certain circumstances, 
candidates with a degree of myo])ia about — 6 D should he rejected. 
No candidate having high myopia is suited for a hush, or isolated 
station. If glasses must he worn, then the wearer must provide 
himself with s])are sets. Grookes’s lemon-tinted lenses are of value 
in diminishing the glare. In certain regions in the Sudan and Northern 
Nigeria, for instance, smoked glasses are a necessity to mitigate eye- 
strain. A proper sense of colour vision is essential. Chronic 
conjunctivitis of all kinds constitutes a distinct disability. 

Middle-ear disease with discharge is a definite disqualification, as 
is also aural eczema : both are made worse by tropical conditions. 
Pt*rforation of the tynq)anum and any kind of deafness must be 
investigated. Deafness in more than a moderate degree is a bar to 
acceptance. 

Respiratory system. — Special attention must be paid to the 
lungs. Asthmatics and subjects of “ hay fever ” are quite unsuited 
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for tropical residence, as are those suffering from chronic bronchitis 
and also those with emphysema. Any suspicion of tuberculosis, 
whether glandular or parenchymatous, calls for X-ray examination. 
This specially applies to candidates having a bad family history. 

The Editor is strongly of the opinion that any candidate having a 
Ghon’s focus, or any evidence of healed apical lesions, is quite unfitted 
for the tropics. Contrary to popular opinion, damp heat induces, 
fosters, but does not cure tuberculosis. Those who have calcified 
bronchial glands, and who have already demonstrated thereby 
their resistance to the disease, may on the other hand, l)e considered 
suitable. 

Cardiovascular system. — Any valvular heart disease is a contra- 
indication. It is probably true that persons with mild degrees of 
mitral stenosis are not seriously inconvenienced by tropical life, but 
the increase in the metabolic rate and the strain placed upon the heart 
and respiratory organs by extreme heat has a deleterious etTect upon 
the action of the heart. Of all heart lesions, aortic rcgnrqitaiion, 
especially when of luetic origin, constitutes a definite disqualification. 
Sinus arrythmia and extrasystoles are frequently encountered in 
tropical residents, and are not in themselves deleterious. EtTsistent 
tachycardia, from whatever caus(‘, should be a bar to tropical service, 
and a candidate exhibiting a rapid pulse, which does not arise from 
nervousness during the medical examination, should be subjected to 
a searching exercise tolerance test. 

Hyperpiesia. — Subjects of high blood-pressure are definitely 
excluded. Hyperpiesia, due to intrinsic hypertension or arterio- 
sclerosis, is a serious handicap in the tropics. Often, in nervous young 
men a high systolic reading may be obtained, and while this for tlu^ 
most part can ])e overlooked, a persistent high diastolic pressure above 
100 mm. Hg is a definite disqualification. Such persons inevitably 
break down after prolonged tropical residence ; they are more liable 
to develop neurasthenic symptoms, and, in tlie Edi tear's experience, 
usually end up with cerebral hiemorrhage. 

Digestive system. — In investigating the ant(‘cedents of the 
candidate for service in th(' tropics nothing is more important than 
his “ digestive ” history. The organs of digestion are necessarily 
subjected to considerable strain ; therefore subjects of nervous 
dyspepsia, hyperchlorhydria, or s^^vere gastric disturbances, should not 
go abroad. A previous history of duodenal or gastric ulcer, especially 
where definitely confirmed by radioscopy, should debar a candidate, 
especially from places characterized by damp heat, such as is 
encountered on the west coast of Africa, or in Malaya. It must lx? 
remembered always that, even under the best circumstances, a great 
deal of the daily fare will consist of frozen or tinned food. 

If the indigestion is due to chronic inflammation of the appendix, 
it is most important that appendicectomy be performed prior to sailing. 
It is obvious that for many reasons, “ appendicitis ” is a much more 
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dramatic and important occurrence than it may be in more highly 
civilized conditions. 

Persons of a “ bilious ” or a h(*patic tendency, with lustreless skin 
Mild a jaundiced look, withstand the tropics badly ; therefore any 
palpable enlargement of the liver must be noted. Splenomegaly may, 
occasionally, denote previous attacks of malaria, and it may 
indicate that the candidate is hypersensitive to this infection or, on 
the other hand, it may im^an that he is the suljject of some obscure 
l>lood diseases, and is therefore unsuitable. 

Sufferers from chronic colitis are ruled out. A history is not always 
easy to obtain ; but if there is any previous history of passing either 
blood or mucus in the stools, or both, or pain on debecation, or any 
suspicion of ulcerative colitis, the matter must be inv(‘stigat(Hl. This 
disease is so liable to r(‘missions tliat the candidate may appear well 
and healthy at the time of examination, but relapses undc^r tropical 
conditions are a])t to be sj)ecially severe. The peculiarly sensitive type 
of persons who are colon-minded, and are subject to mucous colitis and 
spastic colon, thrive badly and cannot be recommended. Subj(‘cts of 
diverticulitis fan‘ badly, also, and if this condition is detected as a cause 
of abdominal discomfort in a more elderly subject, tropical service is 
not recommended. Any history of gall-bladder disease should debar 
the candidate, owing to the risk of cholecystitis and biliary calculus 
developing undtT tropical conditions. 

Haemorrhoids. — ]*ik‘S are a curse of life in hot climates and under 
these conditions persons predisposed to the disorder almost invariably 
become sutTerers. Pil(‘s should be removed surgically, as injection 
methods do not a})})(‘ar to be altogether satisfactory. 

Hernia. — Candidatt*s with inguinal liernia? of any description 
must submit to operation before going abroad. Trusses, even of tlu^ 
lightest variety (cidluloid), are most inconvenicad, and in the tropics are 
a|)t to caus(‘ intertrigo and skin irritation. The same applies to 
umbilical liernia^. l^ads cannot be worn and are usually inetlicieiit. 

Geni to -urinary system. — Itenal and vesical calculi are more 
likely to d(‘velop in the tropics than in temperate regions. No one with 
a previous history of renal colic should be accepted. Enlarged and 
palj)able kidneys may mean congenital cystic disease, and constitute a 
definite disqualification. Special attention must be paid to the examin- 
ation of the urine. Moderate degrees of albuminuria (physiological or 
postural) are extremely common in athletic and otherwise healthy 
young men. and the Editor is of the opinion that it is quite unfair to re- 
ject a suitable candidate merely on this account. In cases in which there 
is H'ally an appreciable amount of albumin (5 per cent.) the matter 
assumes a different aspect. The presence of casts in nuinbors in the 
de])osit indicate a predisposition to severe renal dis(»ase. The discovery 
of sugar in the urine, however, is a somewhat different matter. If a 
very considerable precipitate is obtained with Fehling's and Benedict’s 
solutions, then a blood-sugar curve estimation must be done. No 
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diabetic ought to be passed for service in the tro])ics. Opinions 
vary about renal glycosuria. If the candidate has a low sugar tolerance 
with a low renal threshold for glucose, he is best out of the tropics, as 
the condition may possibly predispose to true diabetes. 

The cellular deposits of the urine should always be examin(‘d. 
Subjects of phospliaturia, so-called “ 'pliosphatic diabetes,'' owing to the 
concentration of urine which occurs in a hot climate, are unsuitahle. 
Those showing evidence in the urine of Bacillus coli, or streptococcal 
infe(*tion, must be rejected. A constant source of trouble is urinary 
tuberculosis, on account of the difficulty of detecting the tubercle 
bacillus ; but in cases in which large numb(‘rs of ])us cells are present 
in the urinary deposit without other ascertainable cause, the possil^ilit y 
of tul^erculosis should he suspected and the candidate rejected. Chronic 
gonorrhoea and chronic prostatitis are always a source of trouble and 
constitute a reason for rejection. 

Feviale candidates. — Among women, disonh^s of tin* genital organs 
tend to dominate the picture. Since im})airm(*nt of tin* menstrual 
functions is usually aggravated by tropical residence, the menstrual 
history must be carefully inve^stigated. d’hose inclined to dysnienor- 
rhoea, or menorrhagia, should be forbidden, if |)ossihle, to go out. 
Subjects of periodic amenorrhcea suffer mort‘ in the; tropics, and the 
same may be said of women who suffer from uterim^ dis})lacements. 
Women who are married ami predispos(*d to miscarriage are more lialde 
to this accident under the less civilized conditions of the tropics. 

]\linor vaginal or uterine disabilities, such as vaginal discharges, may 
be ov(‘rlooked. Women in advanced })regnancy slK)}dd not attempt to 
go out, and it is advisabh^ that a primipara should not j)roc(*ed to a hot 
climate in the middle of her pregnancy. 

Integuments.— 8p(‘cial attention must be paid to the skin, hair 
and nails. Alopecia is more a])t to ])rogress under tropical conditions. 
Cracked and brittle 7wils indicate a fe(‘bl(‘ con.^titution. Clubbed fnujers 
may indicate cardio-puliuonary disease*, or may be iiH'rely a congenital 
deformity. Anyone with an abnormal skin must be specially inve*sti- 
gated. It must always be borne in mind that the skin, as an organ 
of elimination and metabolism, is a much more important organ of the 
body in tropical than in t(*mperate countries. Therc^ are suhji'cts of 
deficient sweating (anidrosis) ; such persons, unable to sweat freely, 
not only suffer acute discomfort but are in unnecessary danger from 
heat stroke and heat exhaustion. Therefore candidates having dry 
skins (xeroderma) and ichthyosis, must be rejected. On tlie other 
hand, individuals whose sweat-glands are abnormally active do W(*ll. 

Septic spots on the skin of the back and chest are frequently en- 
countered in young men, and though each case should be judg(*d on its 
merits, it should be remembered that residents in most tropical countri(!S, 
but especially in West Africa, are particularly prone to siqitic infections, 
especially boils, so that anyone who is specially susceptible to the 
staphylococcus should be considered unsuitable. 
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Subjects of psoriasis are always a difficulty. Milder degrees may 
bo passed ov(t, and as a general rule these lesions are apt to 
disappear in very hot countries. Extensive psoriasis, however, 
especially when ass(jciat(Ml with su})puration, should debar from the 
tropics. 

Acne . — Acne is one of the skin diseases which are improved by heat, 
and as many healthy and vigorous individuals are marred by this 
complaint, they should bo permitted to proceed. 

Kc.:erna of all kinds is a distinct disability and so are sensitive 
(alk'rgic) skins, and those j^rone to intertrigo. 

Central nervous system .—It has already been sufficiently 
stressed that nerv(jus control is of paramount importance in the tropics. 
All (‘xliibiting neurotic and hysterical t(‘ndencies should be rejected. 
Kpilcpsif is not always (‘asy to detect ; {‘pileptics must on no account 
go to the tropics. Any chronic affection of the spinal cord, e.g., 
Fri(‘dreicirs ataxia, or spastic. ])arap!(*gia, is a disqualification, as is a 
jirevious history of encephalitis lethargica, or of cerebro-spinal 
meningitis. 

A candidate sona'times apjiears who has suffered in the past from 
infantile paralysis. If it merely affects one limb, and the muscular 
atrophy is not too extnane, ht‘ may be passed, though it must be 
understood that the tropics is no place for a crijiple. Exaggerated 
(le(‘]) retlexes and tremors of hands, ur tongue, denote that the candidate 
has an unstable nervous control, and that he i^ unsuitable. 


GEXEEAL DISEASES AND DISABILITIES 

Anaemia. — INtsous with amemia which cannot be adecjuately 
(\\})lained are usually in poor health ; they are what is rather indefinitely 
describt‘d as “ bt'low i)ar,” and this succinctly suggests that they are 
lacking in vigour, energy and initiative. The pale young man or the 
sallow woman is unsuited for tropical residence. The haemoglobin 
content is ])robably of more importance from this point of view than 
the red-cell count. S(‘Condary aiuemia is usually indicative of some 
underlying condition. It may bo digestive in origin ; it may bo 
pulmonary, or even cardiac. Bale faces become still paler in the 
tro})ics, and the condition is more likely to progress there. 

Affections of the thyroid. — The possibility of hyperactivity, 
or of insufficiency of the thyroid gland, has to be kept in mind. Tlie 
Editor is convinced that all thyroid tumours, whether adenomata, 
cystic adenomata, or just plain thyroid hypertrophy, are definite 
contra-indications to tropical service. The form of hyperthyroidism 
(usually due to substernal thyroid) which, though not leading to 
exophtiialmic goitre, yet produces tliyrotoxicosis with a special brunt 
upon the cardiac muscle, is specially to be feared. The thyrotoxic 
heart is produced by exposure to tropical conditions, and may progress 
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unchecked and end fatally. All degrees of hypothyroidism are also 
unsuited to tropical conditions. 

Other endocrine disorders. — Endocrine disorders, such as hyper- 
pituitarism, hypopituitarism, “ Frohlich’s syndrome,” achondroplasia, 
and developmental anomalies, are definitely to he excluded. Giants 
and dwarfs, even if perfectly naturally developed and proportioned, are 
not to be recommended, not so much for physical unsuitability, as from 
psychological grounds of undesirability. 

Gout and rheumatic arthritis. — A gout}^ diathesis is occasionally 
seen in comparatively young people, and may manifest its(‘lf in many 
ways. Gout may actually bo provoked or aggravated by tropical 
conditions, and therefore must be regarded as a contra-indication. 
There is a popular idea that rheumatic affections of the joints are 
improved by exposure to heat, but this is far from being the truth. 
Usually, far from being relieved, such disabilities are aggravated. The 
same is true of librositis. 

Other disabilities. — Even such minor blemishes as th(' stat(^ (d 
the f(MT must inquired into. Such conditions as d(‘foruiiti(‘S, club 
foot and hammer t()(‘S, in those who may be called upon to undertake 
long marches, may be held to be distinct disabilities. 

Preparations before sailing. — All those who are proceeding to 
the tropics and subtropics, whenever they come into contact with 
native servants, and whenever they mix with the native population, 
or whenever they ar(‘ forced to live in less sanitary surroundings than 
they have been accustomed to, should be inoculated about four weeks 
prior to departure against typhoid and paratyphoid (T.A.B.) {see p. 343). 
They should also b(‘ revacciuated, if this has not been done within tile 
three previous years. Very often this vaccination may not cause any 
obvious reaction, or in popular language, may not ” lake,'' but it must 
be attempted none the hiSS. The vaccination may be conveniently 
performed at the same time as the second inoculation. If for otluT 
reasons, such as business matters or preparing for departure, circum- 
stances prevent this being done, both inoculation and vaccination can 
be undertaken on board ship if the voyage is of sufficient duration, e.g., 
th(‘ journey to India. Allow^ance must be made for any possibbi 
reaction. Thereafter it should be the rule to repeat the vaccination 
every five years, and the inoculations at three-year intervals. Those 
proceeding to the West Coast of Africa, other parts of the Dark Ckuitinent 
and South America, where yellow fever is endemic, are nowadays 
strongly urged to be inoculated against this disease (see p. 375). It 
must be emphasized that out of the thousands who have now been 
protected not a single one has contracted yellow fever. A period of 
five weeks should elapse after the inoculation in order to permit recovery 
from any possil)le reaction, and the developmejit of sufficient immunity 
before the voyage is undt^rtaken. The minimum period should be 
three weeks. 

There are some persons who exhibit an idiosyncrasy to quinine, 



EXAMINATION ON EXPIRY OF LEAVE 9 

and it is advisable, in the case of p(‘rsons going to regions where quinine 
prophylaxis is practised, (hat they accustom themselves to the action 
of this drug by taking a (rial course* cm board ship. 

(JN PASSING PATIENTS AS ITT TO PETUEN TO THE 
TKOPJCS ON EXITRY OF THEIR LEAVE 

Special care should be taken ovct the “ ])assing-out ” examination 
prior to return to duty from leave. This specially applies to those who 
liave sufT(‘r(‘d from nervous debility, with attendant insomnia and 
associatiHl psychological disturbances. In these cases a full period of 
leave* must be granted for recuperation. The mind must be se^rene, 
the? r(*ll(*xes normal, and the* f)atient should eagerly anticipate his return, 
and not recoil from the veu'y idea. Those who have* had malaria shoulel 
have full}" recovereel from the* infe‘ction : the* sple e*n should no longer 
be palpable*, and the* bloexl should re*ach the normal standard. Should 
blackwater feve^r have* su|)e*rvene‘el, and shoulel it be an ise)lateel attack, 
and re*ce)ve*ry be* ceemple'te*, (bee patie*nt may be* permit I e*el to return ; 
but if he* has suffereel from more than eene^ attack and has surviveel, 
it is extre*me*ly elange*re)us te) risk a thirel [see }). 105). 

Othe*r tre)j)ical blood infe^etions are* t rypanoseeiuiasis and kala-azar. 
P)otb e)f the*se, forme*rly so greeatly feareel, are now anie‘nablt* to tre:*atmt*nt 
and cure by me*ans of sjeecitic drugs, and the cure is so dramatic and 
e'oniplete* that in case*s of the'see infections, ])rejvideel therei has be‘e*n a 
suitable* j)e*rie)el fe>r convale‘sce‘nce*, no valiel obje*ction can l)e urged 
against a return to duty. 

Re*la))sing-fe*ve*r cases are gene*rally comple*te*ly cure*d of their 
'infe.‘ctie)n on arrival in this country, anel if no disability remains they 
are* suitable* for re‘turn. There are tlui tropical typhus and undulant 
groups, victims eef which are se‘en ce)mparative‘ly commonly : in both 
of (he*se re*ce)very is generally quite complete*, anel no pliysical elisal)ility 
re*mains. Jn the* latter group, }ioweve*r, a sullicie*nt pe*riod of leave* 
must be grante*d for full ce)nvalesct*nce. 

Other tropical infections te) wdiich s})e*cial atte*ntion she)ulei l)e given 
be*le)ng te) the dysenteric gre)up. Amejebiasis was fe)rmerly the) subject 
of considerable apprehension, because of the absence of a final test re- 
garding its ultimate cure. It is true that incompletely cured patients, 
anel those who continue to harbour cysts in their stools, are more liable 
te) re)lapse uneieu’ tre)})ical conelition^ than the)se who continue to reside 
in tempe*rate climate's. Therefore, all those who have suffered from 
clinical dysentery during tlieir period of service should be specially 
examined on tbe'ir return. Their stools should be exaiuineel for amcebic 
cysts, and a signioidosce)pic examinatiem performed, if necessary. 
There is no objection whatever to the return of dysenteric patients, 
jjrovided they have undergone a tliorough course of anti-amcebic 
tn*atment. Those who have suffered from bacillary dysentery, on tlio 
other Ijand, and they are much more numerous than is generally 
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thought, usually luake a complete recovery on return to England, and 
relapses are not to be anticipated. The form known as clironic bacillary 
dysentery is much more refractory, and it is doubtful whether in these 
cases the patient recovers sufficiently to return. 

Another important form of tropical diarrhoea is sprue (see p. 570). 
There is always considerable hesitation in permitting these patients to 
return to the tro])ics, especially to the locality where the disease was 
first contracted. It is undoubtedly true that relapses are more liable 
to recur in the tropics. Probably complete recovery occurs in com- 
paratively young people under forty years of age, and if they have bei'ii 
quite free from all symptoms and signs for oiu^ year at least, then a 
return to the tropics may be sanctioned. 

Ancylostomiasis and other worm inh'ctions are not infre(]uently 
the cause of loss of vigour and ill-health in those ndurning from l(‘ave. 
The possibility of an ancylostorne infection must always be borne in 
mind as the cause of cachexia and fatiguability, (‘specially in women 
who have been residing on tea (‘states and otlu‘r ])lantations. Thi‘ir 
stools must be examined by concamtration methods with this point in 
view (see j). 1031). After adequate tr(;atmeiit tlit'y are lit to return. 

I k ) S T o P E K A T 1 V 1 ] ) E 1 1 J M T Y 

The qu(‘stion as to when a patitmt is to relnrii siibs(‘(pu‘nt to 
operation is always a debatable point, (‘spc^cially in cast's of operation 
on the gastro-intestinal tract. Aj)[)endicectomy, and even chok*- 
cystectomy, are quite sinqile and give rise to little difficulty, but in tht' 
case of more elaborate operations, such as gastro-entt'rostomy for 
duodena] ulcer or ])yloric stenosis, circumspection is called for. The 
Editor is very chary of permitting such patients to rtdurn to tro])ical 
conditions where circumstances are advt‘rse, unless the operation 
has been a distinct success, the patient’s condition (‘xcellent, and his 
digestion perfect. 

The same general rule should be applied to op(;rati(jns on tlu* genito- 
urinary tract. Eenal calculi are common in the tropics, and certain 
individuals seem predisposed towards this condition. If nej)hrectomy 
for renal calculus has been performed, and the patient is in a good 
state with one functioning kidney, there is no objection to return to 
the troiucs, provided that it is not to a liyperendemic jualarial zoiu'. 
To a person with one kidney, an attack of malaria or blackwatcT f('\ 
may become a matter of life and death. 

ACCLIMATIZATION 

It is obvious that the effect of transportation to the tropics, where 
the isotherm may be anytliing from 20-30° F. above that prt;viously 
experienced, is to sulqect the body to considerable strain and to (;on 
sequent alterations in metabfdism. It is also a matter of common 
knowledge that individuals vary to a very great degree in their re- 
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actions to lieat. Tl)en3 are those who suffer greatly during a spell of 
hot W(iather in England, a so-called “ heat wave,” under conditions 
which are about the average in any region between Capricorn and 
CaiK^er, so that it is by no means easy, in the present state of know- 
ledge', to assc^ss tlicse individual variations. 

'idle saying ” What is one rtian’s mc'at is another man’s poison ” 
also appli(‘S to climate ; but instinctive dread of extreme df'grees of 
h(‘at and Imniidity is rapidly diminishing as conimunications are being 
opene<l up by air travt'l. Wlw aeroj)lane, tin* motor car and ttie 
r('frig(*rator hav(* robbed many plac(‘S of most of their terrors, and the 
W(‘st Coast of Africa, is no long(‘r the Whit<* Man’s (irav<'. It is common 
knowledg(‘ that somo individuals, who as likely as not an' of inditb'rent 
]»hysi(jue, thriv(* in tlc' tropics : then' art* some, for instaMc<', wlio 
])r('fer to live in Contral Afric'a, though tht'se are (juite exci'ptional. 

Within a relatively short spacf' of tinc' wc* have se(‘n arise a full- 
blooded Euro])ean tropical population. In tho Hritisli Ihripire then* 
an* sucdi communities in India, Ceylon, Ihirma, (hiet*nsland, and th(* 
highlands of 'K(*nya. It may then*fore l»e askrd : Can the European 
pn'serve bis identity, maintain his vigour, energy and culture ; can lie 
in fact hold on to whati'ver is h(*ld dear in I'airopean civilization umb*r 
the stn*ss of troj)ical conditions? The answt*r is hard to suj»ply and 
in recent years has becoiiu* bound up most conspicuously and intimately 
with tlu^ ” White Austrtilia proldem.” 

Many striking ('xam]des of ada})tation could be (pioted. Thus 
(lorgas lias citi*d tla* largt'-scale (*xperiinent of Panama, wlu'n* for ten 
years Ana'ricans, including men, wonu'n and children, mostly doing 
hard manual labour, (‘Xjiosial to all kinds of weather conditions, 
remained in good health, ddie Europt'an inhabitants of the AWst 
Indi(*s, Parbados, riamaica, St. Kitt’s, Antigua and the islands of 
St. iMartin and Cura(;ao, are tla* dt'seendants of white settlers and are 
to bi> found to-day, liealthy and vigorous, ddie German colony of 
Espirito Santo, in Brazil, which was hiunded in 1847, is now in a 
nourishing condition, with a birth- and death-rate comparable with 
that of Europe. 

TTiere is also the oft-(|uoted unintentional exju'riment which took 
jilace in the Dutch East Indies 274 years ago. In IGGo, eight Dutch 
soldic'rs wen* sent by tlu* Netherlands East India Company to the little 
island of Kissa, IG miles off Timor. It appears that this lonely outpost 
was quite forgotten, and the men soon n'alized that they had been 
marooned. Tliey had tlu'ir wives with them, so they built houses and 
cultivated the land. Th(*y have been wonderfully fertile and now 
number over 800, and are a sturdy rac(\ with no signs of ill-effects from 
inbreeding. Many have European fair fact;s and complexions, and 
many of tho cliildren have liglit hair and blue eyes. The example of 
the Ilutch Island of Saba is also quoted by Bagsliawe. This lies near 
St. Kitt’s and, for 250 years, an English-speaking white community, 
without racial admixture, has existed and multiplied, though it is now 
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declining under the stress of economic circumstances. Price, in 1984, 
in writing ol tin’s community, concludes that cold-temperate zone 
whites can retain a fair standard for generations in the trade-wind 
tropics, ])rovided that the location is free from tlie worst forms of 
tropical disease, ami that the economic return is adequate. Whatever 
may he Ihc ultimate truth of this matter, it is not only advisable, it 
is necessary, to send European children, at six or seven years of age, 
back to a temperate climate to he educated. With few exceptions, 
serious harm results from keeping white children too long in iho troi)ics, 
t hough European infants up to four or live years, it is true, thriven in 
most tropical climates with the exce])tion of the AVest Coast of Africa. 

After prolonged residence in tropical highlands, especially those of 
East Africa, neurasthenic changes are spcrially liable to develop ; if 
not in the hrst, then, more certainly, in the second and suhsecjueiit 
generations. While exceptional examples of the survival of tlu‘ 
European race in some tropical, though mainly insidar climates, (‘xist, 
the g(‘neral consensus of opinion is to the effect that the white man 
cannot long survive or multiply in a pure state in most tropical 
countries. 


^’KOIMCAL CLLMATES 

According to Supan’s classification tla^ following are the main 
typt‘S of climat(‘ ; — 

Tropical or warm climates.— Trojacal climates extend from the (‘(piator 
to the mean annual isotherm of 20 ^ (\ The northern limit is situated at 8r> ol 
north latitude ; the southern at rather less than 30 southern latitude. The 
true tropical zone is divided from the sul)tr(j])ical by a purely arbitrary line 
which represents the isotherm of 20 C. for tlui voldvr nionihs of th<‘ year in 
both northern and southern latitudes, 'the tro])ical zone corresjmnds more 
or loss to 23 N. and S. latitude, bein^ more or less coritined to the tropics 
of (.'ancer and Capricorn. 

The subtropical zone lies between tla* i.sotherm of 20 C. (OS'* h\) for the 
temperature of the coldest month, and the same for the mean temp(‘ratur(‘ (»t 
the year. This includes a portion of North America and a considerahlc portion 
of South America, Africa, Asia Minor, Iran, North India, China and Australia. 

In the tropics there are four divisions of warm climates, viz., the (‘(juatorial, 
the trade-wind, the monsoon belt and the mountain climaU'S. 

The equatorial belt. — Those localities within a few d(‘^u<‘cs ot the 
equator are always subject to rain and cloud, because the hot air is (diar^ad 
with aqueous vapour from tJie sea. This belt is subject to alteruate seasons 
of wind and calm, e.g., in January to the north-east trade winds, and iu 
July to the south-east trades. Such places are Southern India, (kylon and 
Java, Colombia, South America, parts of the Nile Valley, and the (iold Coast. 

Trade-wind belts. — The lands which lie outside the boundaries of th<‘ 
equatorial or rain belt, situated some 20° to 35° N. or S. latitude', are' among 
the driest of the world, except in India, where the south-west monsoon brings 
a little rain into the dry regions of the Punjab and Sind. These places arc 
the dry zones of California, and other parts of North America, the Sahara 
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and Nubian DesertH, j)artH of Arabia and Iran, Argentine, South-West 
Africa and the interior of Australia. 

Monsoon belts. — The monsoons arc classifiable into North-east, 
south-west, north-west, south-east, and west monsoons. 

The north-east and south-west monsoons are met with in the Indian Ocean 
and on its coasts. The interval between these two monsoons is characterized 
by (‘hangeable wintls, which blow^ alternately in o{)positc^ directions — north- 
east and south- w(‘st. The latter pnjvails in May, June, July and August; 
the north-east, which is due to the cooling of the plains, is really a trade 
wind, and blows in November, Decembc'r, January, February and March. 
On the south-west monsoon southern India largely depends for rain. 

Xorth-wesl and south -enst tnonsoons are to be found in the southern hemi- 
sj)her(‘, es[)ecially in Australia. 

J'he U'rst rmmsoon is a wind which bhnvs in a south-westerly dire(‘tion, 
along the coast of Africa, from th<‘ Oai>e Verdt* islands down to Walfisch Bay. 

Climates. The effect of elevation is to lower the temperature. This 
is due ])artly to the expansion of the air, ]>artly due to the l(‘ssened amount of 
earth to radiate hf/irk heat (or that which is absorlK*d by the rocks and soil), 
and ])artly to the uioviunent of thf‘ wind. 

The greatest l)lcssing of tla'se (Jevations in the tropics is that th(\y ])rovide 
cool hill stations to which resort may be had during th<‘ hottest months, 
and where the climate simulates perpetual spring. 

J'he main factor in tro})ii-al climatt‘s is the sun's rays, which art* vertical 
and thus peia^trate to a d(‘gree unknown in tem}H*rate zones ; at the zenith 
they art' fiftt'cn times strtmger than when the sun stands 10 above the 
horizon, 'fhere are two other climatit* factors whi h act adversely ; thest* 
are tlie humidity of the air, which is usually much higher than any experienced 
in KurtijH*, anti the air curnmts. Aj)art from these the luaiTi disturbing 
factor to the newcomer is the small tlaily variation in the temperature, which 
st'ldtim falls btjt)w G8 F. ; in vain he longs for the coolness of the twilight. 
The very evenness of the tropical climate, st) tiifferent from the extremes in 
which the FurojK'un has bet'n bn^ught up, iUm's not It'ad to alleviation of 
existeiu'e. but to the vt'rv opposite. The lack of daily variations between 
ight and day, winter and summer, l)ecoine monotonous and devoid of the 
stimulus tt) w inch the Furot>ean has Ikhui ac'customed, and this is paralleled 
l>y the ev(‘rlasting twelve hours c)f darkness succeeded by twelve hours of 
hglit. The low -lying tropics usually have an isotherm of 7S^ F. compared 
with that of ( Vntral EurojK^ of 4S F., but for every 300 feet of elevation 
above .sea level the tem}>erature is rcnluced by 1 F. 

It must not be thought that the g(‘ograj)hieal demarcation of the torrid 
zone neeessiirily embraces all the true tropics ; this is by no means the case. 
As regards actual heat, tlie highest isotherm lies some JO' north of the 
gt'ographical ecjuator, and north and south of this line is an isotherm of 
20 C. (t>8 F.), and (‘ven within this warm zone there is a subdivision where, 
in the cooler montlis, the temjx'rature never falls below 68' F. 

Three factors must be considered in any tropical climates ; these are the 
humidity of the air (the wet-bulb teinpc'rature), which usually reaches a 
figure of over 80 -90 per cent. ; the actual temperature ; and tlie air currents. 
JJius it comes about that it is not right to S|K‘ak of a “ tro})icaI climate ” 
as a compleU? entity, as tla'i-e are minor variations to be found within the 
tropics themselves. W’e can I'ecognize within the tropics every intergradation 
between a marine and a continental climate, and even with very considerable 
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seasonal variations on tropical seaboards and in tropical islands. Thus, in 
the Antilles and in th(^ Pacific variations of 30 ' F. are the rule, whilst inland, 
in the centre of the African continent, these variations may be as high as 
04” F. Natural!} , the amount of rainfall and the duration of the season 
exert a considerable intluenee upon the temperature and the humidity. 

Ill India, the Far J^]ast and other parts of the trojiics, the rainy season is 
known as the 111010^0011, so that there are considerable temperature variations 
during the dry and wet seasons. 

In the northern summer, portions of the Asiatic continent become over- 
heated, and in the southern summer the Australian and African continents 
become influenced in like manner, and thereby air currents are initiati'd, 
which are known as the south-west monsoons of India and Fast Africa, the 
north-west monsoons of Australia, and the north-east monsoons of East 
Africa ; and in the regions lying betwciui these there are minor iiipT- 
gradations of tlu'se major winds. 

The summer monsoons are invariably sea winds, which bring rain and 
overcast cloudy weather, and if they blow' from a I'ooling scni, cause a drop 
in temperature. The winti'r monsoons, on the other hand, are land winds, 
and arc accompanied by hot, dry weather and a ris(‘ of the temjM'iature ; 
the relative dryness is determined by the character of th(‘ contiiuait from 
which they come. 8ca currents to a certain extent iidliKMici' tr()})ical climates. 

Thus the cold antarcdic current does considc'rably cool off tlu' air on the 
west coast of South iVmerica, where the coastline comc's into contact w ith the 
Antarctic or Humbold current, and this exerts a considerable* effect ujioii 
the rainfall, which may be, as in Chile and Peru, ])ractically noii-(‘xist4 nt. 
The barometer ]U'(\ssure is, on the avc'rage, considc'rably lower than in 
temperate zones, but its influence upon human w'cll-bcing is not undc'istood. 

The regulation of heat. — A given arc‘a of a portion of the; tropics 
receiv'cs the same nundicr of rays from the sun as any oth(*r jilace on a line 
drawn round the globe in the same latitude, but atmospheric heat is not 
derived dhectly from the*, sun’s rays so much as from the black heat which is 
radiated from the land and sea. The rays from the sun hcait the earth tirst, 
the jirocess being known as insolation. This luait has little* jiowcr on land 
and its effect is sensibly diminished even twenty fe(*t above the surface of 
the earth. The earth is surrounded by a gas eiivcdope, or atinospfiere, the 
density of w hich is equal to a pressure at sea-level of 15 lb. to the square inch, 
becoming less dense the farther we get away from that level. This .'ttmos])her<* 
absorbs a larger proportion of the sun’s rays w hich strike its outer limit ; 
hence the sun’s rays, which travel obliquely in the temperate zone, traverse a 
thicker layer than the rays which travel vertically in the tropics. In this w ay 
in the non-tropical regions radiation is absorbed by the intervening 
atmosphere and the power of the sun correspondingly diminished. 


PHYSIOLOGICAL EFFECTS OP A HOT CLIMATE 

Observations have been made on the effects of trojiical climates 
on body temperature, skin reaction, respiratory lixchauge, urinary 
excretion and the blood, with conclusions on the inflinaice upon 
digestion, circulation, nervous system, generative organs and growth. 

On body temperature. — On passing from a temperate to a tropical 
climate, a slight rise in body temperature occurs, rarely exceeding 



PHYSIOLOGICAL EFFECTS 


15 


1 *5° and afi(‘r arrival in the tropics the body temperature of the 
newcomer remains sliglitly elevated. In fully acclimatized Europeans 
it settles down to normal, but tends to rise after severe exercise. Breinl 
found the rectal temperature to be 101^ F. (38.8° C.) on really hot 
days. 

Low fever. — Low f(;v(‘r is the term given to a little understood 
clinical picture, and it is by this vague descrii)tion that it is known all 
ov(‘r the world. It is charactcjrized by lassitude and debility, and a 
long-drawn-out slight ris(r of t(‘mperatur<% which is fre^puait ly seen in 
childrtui. V(‘rv little has Ixnai written about this condition in text- 
books, but all are agrei'd that, in spit(^ of the juost searcliing 
bact(*riological and biixdieuiical tests, no specific organisiii can be Indd 
responsible. If low' hwaT cannot be assigned to latent malaria, 
am(el)iasis, closed tuberculosis or gonorrlaeal ])ros*tatitis, then it is 
C(irtainly due to climatic caus(\s. and probably ‘‘ climatic fever ” wa)uld 
hi) a better term. It occurs in particularly thermotropic individuals 
who have come to the tropics with a sensitive nervous system, and are 
reacting to the climate, either tem})orarily or permanently, w'ith a slight 
ris(‘ of tem[)erature. In these cases the temperature^ seldoui rises above 
100° J^\ at the liottest period of the day ; but the most noticeable 
feature is that the daily miijimum is raised tlie same amount as the 
maximum. The dtiilif lytriofions remain ihe same as bejore, hut ike 
e)ifire /e/v/ is shijicd upwards. Some of these patieaits feel chilly at 
tinu's, and during these sf>ells are most uucomlortabhe Occasional]}^ 
too, then' are spe'lis of exeessisc sweating. 

Skin reaction. — Liu* regulation of body t(*mp<‘rature is etTected 
by (‘vaporation of water from the surface of tla* body and from the 
lungs. It has bt'eii shown that on a white skin, witli tlie appearance 
of perspiration the tiunperat ur(‘ falls, and the greater the degree of 
])(‘rsj)iration tiu‘ gr(‘at(‘r tlu' fall of temj)erature. A hrown or black 
skin absorbs niort' ht'at than the whitt' skin, and the ])oint when* 
perspiration shows itself is reaclaal earlier in the case of the brown- 
skinnetl, showing that his cutaneous Jieat-n*gulating apparatus is more 
s(‘nsitiv(' tlian that of tlui white man. 

On respiratory exchange. — The cooling process is brought 
about by evaporation of wat(*r from the lungs. This is also to some 
extent (‘fleet ( hI by tli(‘ attraction of the blood to tla^ surface of tlu‘ 
body. 3’h(‘ ])lace of the blood thus transposed is taken by air, and 
this is one of tla* reasons why the lungs waagh h*ss in hot than in cold 
or t(‘mi)erat(‘ climati's. The lung ca])acity is imua'ased, and thereby 
the r(‘spiratory rate low'ered ; tliis results in the inspiration of less 
oxyg(*n, and conse(|U(‘ntly h'ss carbonic acid and wat(‘r vapour are given 
off by the lungs. One of the results is retention of carbon dioxide in 
th(i blood. 

On urinary excretion.— T'he excretion of urine is, with excessive 
sw'eating, diminished. Tiie daily output of a normal adult in the tropics 
is 500-600 c.c. as against 1,5(K) c.c. in temperate countritxs. The urine 
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is conceniratedy but apparently contains the same amount of waste 
material as that found in 1,500 c.c. 

On the blood. — Apparently, as the result of investigations made 
in Java, the Philippines, Queensland, West Africa and Iraq, climate 
alone produces no change in the formed blood elements, except a shift 
of the Arneth index to the left (see p. 1025). Nor does it produce any 
change in the hamioglobin content, or the specific gravity, of the blood. 
De Langen and Schut in Java asserted that in the newly-arrived 
European the blood sugar is augmented ; or, at any rate, there is a 
rise in the fasting level. On the other hand, Sundstroem concluded 
that the endocrine glands in the tropics exhibit a decrease of functional 
{ictivity and that, therefore, a parallel decrease in blood sugar should 
take place. He found tiiat this actually obtained in l^iuropean indi- 
viduals of both sex(‘s who had lived in the tropics since birth. A 
positive correlation, moreover, was found to hold Indwc^en the sugar 
values and the lecithin and cholesterol ratios of the blood. 

The non-prolein nitrogen, on the other hand, was about 25 per 
cent, higher than the standard average, but the urea, uric acid and 
total creatinin failed to disclose any abnormalities. It is thought 
that endogenous and exogenous toxic substanca^s, usually excn/ttal by 
the kidneys, may be subjcadtai to retention ami })ossibly pnalisposi* to 
the greater susceptibility to ne])hritis in a tro])ical climate. Tlu' 
liquid phosphorus content of the whok' blood was found by Sundstro(*m 
to be normal in individuals who had spent k^ss than one year in the 
tropics, aftcT which a dro]) was noticeable down to 9 mgm. p(‘r 100 c.c. 
for men, and to 7 mgm. for women. Various sup})ositions are advanced 
to explain the diminution of blood phosi)horus in the tropics. It is 
thought that a climatic stimulus may temporarily throw an excessivt^ 
load on the mechanisms which su{)ply phosphori/(*d matiTial for 
anabolic processt's. 91ie content of total fatty acids in tlu‘ blood of 
tropical residents a))])ears to be considerably low(‘r than the available 
standard figures for cooler climat(‘S, and this is thought by d(* hangeii to 
explain the rarity of gall-stones in Malays and Javam\se. As a gen(*ral 
rule, the blood becomes more concentrated in a hot environment, and 
the chlorides of the blood occupy a consistently higluT le\(d in the 
tropics than that in cooler regions, and thereby indicate an augmential 
water intake. 

On the digestion. — At first, as every travcdk'r will ti'stify from 
experience, there is a stimulation of appetite, as w dl as of the digestive 
function, but this is a passing phase, and is soon replaced by a diminu- 
tion of appetite and a lowering of the digestive capacity, together with 
a diminished desire for animal food. Diarrho'a and loose stools are 
almost invariable on first exposure to tropical conditions, and are so<jn 
followed by constipation. 

On the circulation. — Exercise and humid heat jiroducii a rise 
in blood-pressure, and also in the j)ulso-rate (llreinl). The aviirage 
systolic blood-pressure shows a tendency to fall concomitantly with 
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profuse sweating. The diastolic pressure follows closely the course of 
the systolic. 

On the nervous system. — On the nervous system, the first effects 
aT(i of those of stimulation, followed hy depression, and when the latter 
is proIong(‘d a neurasthenic state with loss of memory (“ West Coast 
memory ”) is produced. In tropical residents of long standing there 
is an exaggeration of the deep reflexes, tachycardia and, eventually, 
the ])roduction of insomnia and ahnormal reaction to stimuli, which 
in(licat(‘S a loss of control by the liigher caaitres, and results often in 
unreasonablt; naaital irritability. Jih'ctrical conditions also affect the 
nervous system j)owerfnlly. Among Europtnin cliildnaT, especially, in 
the tropics th(‘ whole nervous systtun appears to be in a condition of 
uustabh‘ (‘({uilibrium, n*sulting in fretfuhi(*ss and pet^vishncss and often 
in frank hyst(‘ria. 

On the generative functions. -In both sexes there is a 
stimulation at tlrst of tlu' sc^xual libido, but excess is soon followed by 
(‘xhaustion, and often r(‘sults in sexual neurasthenia. In children, 
puberty is at t aim'd at an t'arlier age, so that in European girls 
menstruation commences about a year earlier than in temperati? 
climati'S, biit tin* onset of the menopause at a later age is not affected. 

On growth. Growth inchildren is rapid, and is therefort'ussociated 
with a corres]K)nding loss of weight and ]>hysical stnmgtb. European 
children brought up in tlu* troj)ics are generally described as weedy." 

Acid -base equilibrium and basal metabolism. ^Sundstroem 
and Eadsma ar(‘ tlu^ only autboriti(‘s who havt' carried out much work on 
tlu'se problems. The fcjrnier finds that, as a rule, tht* alveolar carbtin 
dioxide ti'iision is lowered in the tr(»]>ics. An alkalosis is ])resent in the 
majority of tropical residents at tJa* ludglit of the hot season, and may 
havt' an undesirable t'ffect uju)!! tht'ir physical wt‘ll-bt*ing. It is further 
suggested that an adtupuite watt'r intakt' and muscular exercise may 
prove efft‘cti\t* in combating this tropical alkalosis. The importance 
of disfurbanct's of t*mlocrine functions is (‘inphasized in so far as energy 
metabolism is concerned. It was found by Sundstrot'iu that the basal 
metabolism varied bt'twt'i'n and 8()-J calorits, with an avt*rage of 
dl. Variations in the dry- and wet-bulb temjieratures may affect the 
le\'el of basal mt'tabolism in ct*rtain individuals. Eadsma concludes 
that tlie basal metabolism in Eun^peans is reduced, or is, at least, 
lowcT than tlu' standard values which obtain in Europe and America. 

Perspiration. — Adaptation to high temperatures involves an 
increased cajiacity to jiroduce swi*at, a greater sensibility of the 
ti'inperaturo regulatory a})paratiis, and an economy of salt. In 
failure, such as that dm^ to excessive salt loss, or to a steadily rising 
temperature, the sweat glands may be at fault. Anyone who is exposed 
to high tem])eratures should take warning if a degree of exhaustion 
increases with (‘uch day of work, and if bis dt'gn'e of rec*Overy decreases 
with each night of n'st (Dill). 

Sweat varies in composition, deptaiding upon its rate of production. 
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In very hot weather, salt depletion is high, not only because of the 
large volume of sweat produced, but because this sweat is unusually 
high in salt content. Whilst the sweat glands excrete lactic acid, it is 
believed that this is not wholly dependent upon muscular exc^rcise. 

T/nV,s/.- -Thirst does not necessarily depend on a dry mouth, nor 
does it depend on the volume of blood plasma, nor of the extracellular 
phase of other tissues. It depends upon the diminished \\at('r content, 
and possibly upon increased osmotic pressure, of body cells, ^\'llilst 
thirst may be somewhat alleviated by rinsing the mouth, it can be 
satisfied only wlum water has been delivered by the blood-stream to 
the tissue cells demanding it (Dill). 

PATHOLOGICAL EFFECTS OF TROPICAL CLIMATE 

The tropical light naturally produces effects in the skin which may 
be acute or chronic. They may range from a slight sunburn to a 
severe erythema, accompanied by blisters and aalerna, and a severe 
reaction may set in, accompanied by oedema and septic absorption. 
Sometimes this may be so severe as to j)roduce deliriuni, and 
even coma. Chronic skin irritation is shown by pigmentation and 
by vasomotor changes, and that this is a process of natural selection 
is demonstrated by the skin pigmentation of most native racers, 
so that the nearer the equator, the darker the slvin. ^The skin 
of a European long resident in the tropics tends to darken, but 
])igni(‘ntation does not necessarily take plac(‘. When slight j)ignH*nta- 
tion is (‘stahlished, probably as the result of incrcuised blood sup))ly, 
hair and nails grow more rapidly. PVeckles — small brown ])igmented 
macules- are specially liable to occur in the sandy, red-hainHl, or fair 
children brought up in a tropical climate, and are often very disligiuing. 
Chronic solar dermatitis, or sailor’s skin, is characterized by atro])by, 
wrinkling, xdgm(;ntation, white atrophic patcla^s, telangiectasi's and 
warty growths (solar keratoses), some of which, esp(icially when situaftul 
on the dorsum of the hands, eventually become the seat of basal 
(rodent ulcer type) or squamous-celled neoplasms. 

Sumvier erujjtion is a polymorphic eruption of erythema papules, 
vesicles, weeq^ing areas, crusts, pigmented macules and small di'juc'ssed 
scars, which occurs in exposed parts, especially among children. 

Urticaria is occasionally produced by the actinic rays. Xeroderma 
pigmentosum (Kaposi’s disease) is a congenital condition of liglit- 
sensitiveness, such as is produced by X-rays on a normal skin, and 
manifests itself by pigmentation, telangiectasis, keratoses, and tinallv 
epithelioma, and is produced by the ultra-violet region of the s])(^ctruiu. 
It is said to be more frequent in the tropics than (dsewhere. The effecl 
oj tropical sunlight on the eyes is well known to produce glare con- 
junctivitis, nof*essitating the wearing of smoked or tinted spoctack's. 
Pterygium, or a triangular fibrous growth extending over the con- 
junctiva to the pupillary margin with its base towards one or other 
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caritlius, is coiiinion in tropical residents, and is considered to be a 
natural reaction to intense sunlight. 

The congestive disorders affc^cting especially the liver and bowels 
are j)rol)ably due nior(‘ to sudden changes of temperature. The 
concentration of the urine* pr(‘disposes to gravel and probably accounts 
for the frequ(‘nc.y of renal and vesical calculi in tropical residents, 
especially in hot dry climates, such as that of tlie plains of India and 
the arid districts of tla* Sudan and Northern Nigeria. 
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CLOTHING AND GJ^^NEJIAL HYGIENE 


Tropical clotbing iiinst protect tlie person from solar rays while, 
interfering as little as possible with evaporation of moisture from the 
body. The clothes should be light and loose, whilst the material 
which comes next to the shin should be non-absorbent and such as 
can bo frequently washed. 

The sun hehnet (or topee) should be white or khaki and have a dark or 
green lining. It should not exceed 15 oz. in weight, and the brim, sloping 
downwards, should project horizontally from the head for at least 5 inches. 
A projection posteriorly is useful, and some recommend an aluminium flap. 
The helmet is known as a sola topee, and is made of j)ith. At higher altitudes 
the double Terai hat may be worn. To prevent glare, and to mitigate the 
effect of heat, as some believe that the ill-effects of the solar rays are (‘xerc ised 
through the eyes, smoked or tinted glasses should be worn. 

Clothing should above all be loose, especially around the neck and chest. 
The fabrics usually worn are white or light-(K)lour('d, and cotton is best, 
whilst the vest or undershirt should be of the aertex cellular type. A light 
flannel shirt is popular. Whenever washable trohsers or shorts are not used 
light cotton or calico drawers should be worn for the sake of cleanliness and 
to prevent skin irritation. The flannel cholera belt should be w orn over the 
abdomen at night, and during the night only. A kummerbund is worn by 
men in the evenings, and does aw'ay w ith the necessity of a waistcocit. Where 
a coat or tunic is not worn, a spinal pad of dark material is very useful, and 
a strip of cotton sewn inside the shirt answers the purpose very w ell. Ex])eri- 
mental work in the Philippines has shown that white or khaki arc the best 
colours for external clothing as regards the powers of refl(?cting heat. Khaki 
is preferable for thin clothing, and white drill is stiff and not w ell ventilated ; 
tussore silk is better still, but expensive. Most experienced travellers agrees 
that the lighter the clothing, the better it is. Shorts are universally worn 
by men and, once the skin of the knees has become habituated to the sun, 
have many advantages, the chief disadvantage being that they expose an 
extra skin area to mosquito bites. This, however, can be avoided by pro- 
viding flaps which can be turned down under the puttee or legging. The 
provision of slits under the armpits in the case of shirts and tunics is advisable. 

Boots call for careful selection and should be half a size larger than those 
worn in temperate chmates, as the feet swell readily in the heat. Canvas is 
on the whole better than leather. 
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Women’s clothing in the tropics. — As far as possible women’s clothing 
should be made of fine, soft cambric, which may have to be changed two or 
three times daily to prevent prickly heat. It should consist of two parts, 
viz., chemise and drawers, so as to secure a double covering for the abdomen. 
A loosely-woven cotton gauze, or a mixture of cotton with silk or wool, is 
best. Cashmere stockings should be worn. A white umbrella, or parasol, 
lined with green, is almost a necessity. 

Children’s clothing in the tropics.— Children’s garments should be 
soft, light and loose. In very hot weather cotton gauze is best for under- 
clothing, as the sensitive skin is very prone to prickly heat. To prevent the 
uncovering of the body at night-time, and to avoid chills, pyjamas of onc^ 
piece of thin flannel should be worn. 

Exercise. — Kc'gulated daily exercise in the o])en air is necessary for the 
])reservation of health in mcjst tropical c^ountries. It aids the bcKly to get 
rid of waste maU'rial by inducing increasc'd respiration, and is a stimulus to 
digestion and defa'cation. It is customary to take exercise in the early 
morning and late* afternoon. It is a great mistake to overdo hard exercise 
siic'h as tc'nnis or scpiash in a tro})ical climate to the pejint where undue 
fatigue is produced. This is more' likely to be a mistake of newcomers. 

Horsc'baek riding is the ideal form of exercise for the tropics on the adage 
that the ‘‘ best thing for the inside of man is the outside of a horse.” A 
w arm bath or a rub down should always he* indulgcal in on rectum from exercise. 

Sleep and rest.- A suflieieney of unbroken sleep is essential as a pro- 
tection against the ill-effeets of the tropical climates but unfortunately it is 
not always easy to obtain. In the hot stuffy nights of the Indian summer, 
and during the clu.st-storms of Central Africa, sleep becomes almost impossible, 
c‘sj)e(ially when it is necessary to use a rnosejuito-net, which impedes the 
eirc'ulation of the already stifling air. Therefore' it is better to sleep in a 
mosc^uitc)-j)roof room, which permits the use of electric fans. The ideal 
solution is an air-conditioned bc'droom. 

In most very hot countries, the daily siesta is customary, and is best 
taken before the midday meal or, if this is impossible, an hour afterwards. 
An hour’s rest is reeommendc'd, especially in the ease of Europc^aii women 
and children. 

Food. — It is scarcely possible to lay down general principles, since 
individuals and races differ so greatly in their ecmception as to what con- 
stitutes an adc'cjuatc' dic'teary. There' is little doubt that thc' normal digestive 
c a]iaeity is less in the trc)])ies than in h'mperate countries. Large cjuantitic'S 
of food are not well tolerated, though ])ossibly this may to a c*ertain extent 
be attributable to monotony. 1'he dietary should consist of foods which 
])roducci a minimum of heat. Of the true c'ssential constituents, fats and 
oils have the highest calorie value, hence the almost instinc’tive avc'rsion on 
the part of Europeans to greasy and fatty foods in a hot climate. There is 
usually, also, a distaste for animal food, a fact which, to a certain extent, is 
explained by the poor quality of meat obtainable and the lack of variety in 
cooking methods, but it is true that excessive meat-eating is harmful, unless 
the body is being actively exercised, probably due to incomplete digestion 
with the production of unabsorbed peptones, albumoses and hexone 
bases giving rise to the condition known as intestinal toxaemia. Tliis is 
true for most tropical countries which have a cool season, such as the 
Sudan or Iraq. Meat can safely be eaten in the cold w^eather. 
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Generally speaking, the indigenous products of tropical countries are 
more suitable for food than any which can be imported. Sugar is a very 
valuable constituent of the diet in the tropics, especially for Europeans on 
the march, or on mfari. Preserved dates and figs therefore have acquir(‘d 
a reputation among travellers, and it is wonderful how sustaining they })rov(s 
provided that the requisite quantity of liquid can be procured at the same time. 

Breast-fed infants thrive as a rule, and it is said that the quality of the 
milk of European mothers is usually not impaired by tropical conditions. 
Most women, however, cannot stand the strain of nursing th(‘ir own babies 
for any length of time. In Panama it has been found that the average milk 
of the coloured woman fosterer is richer than that of the European, and often 
upsets the digestion of the child, and in most parts of the tropicus resort has 
to be made to artificial feeding. Cows’ milk being very rarely obtainable, 
it is necessary to turn to various prepared foods, such as Mellin’s, or to 
condensed milk. “Banana flour is recommended as an excellent food 
for infants. 

Beverages. — An ample supply of waf^r is vitally necessary, and the 
amount varies according to the climate. During the hot weather in the 
Deccan in India, where the percentage of moisture is very low, it was found 
by Hunt that Europeans who lived in tents, and took a good deal of exercise, 
required no less than three gallons of water jier head per day. This was 
also recognized during the Great War, in Iraq, where it was laid down that 
even a greater quantity than this might be needed under the conditions that 
prevailed there. Even with this sujiply it was found that the excretion of 
urine was by no means excessive. It has been pointed out that as much as 
1*32 gallons arc required to neutralize th(i heat produced by metabolism, 
quite apart from the heat added to the body by radiation and conduction. 
This holds for dry climates, with a high dry-bulb temperature, but in still, 
moist atmospheres, where evaporation is at a minimum, the imbibing of large 
quantities of fluid merely increases the discomfort. 

Alcohol . — Widely differing opinions are expressed upon the subject of 
alcohol. By some^ — and it may be said the great majority — it is d(Hun(*d a 
necessity and consequently beneficial, whereas by others, exc(‘pt in the (;asc 
of the old and infirm, it is regarded as a luxury and held to be superfluous. 
Be that as it may, a moderate amount of stimulant, reserved as a “ sun- 
downer,” probably does no harm, reviving the flagging energy and lending 
some colour to an otherwise monotonous day. It is probable that the average 
healthy adult mak^ can deal satisfactorily with D> oz. of alcohol daily, and 
in this connection, it is to be remembered that a beverage such as beer serves 
as a food as well as a mere drink. 

Alcohol taken with the evening meal promotes good fellowship, stimulates 
the appetite and aids digestion, but the idea of the inevitable whisky and 
soda between meals is to be discouraged. It is time someone protested 
against the prevalent idea, fostered by the films, which insists on depicting 
the average Englishman in the tropics as imbibing a strong whisky with 
every sentence he utters. The implication is entirely false and, albeit, a 
libel on the race. 

Aerated drinks are universal, and are useful in aiding digestion. The 
advent of the “ Frigidaire,” which, by providing cooling drinks which are 
beneficial in relatively small quantities, has done a great deal towards the 
comfort of life and the promotion of health in tropical countries. 
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PEINCIPLES EOE INCEEASING BODILY COMFOET 
IN THE TEOPTCS 

In order to maintain reasonable health in the tro})ics, and also to 
preserve working efficiency, it is necessary to improve the measures 
for promoting bodily comfort by every practical method. Human 
comfort in hot climates depends upon four factors : (1) The dry-bulb 
temperature, (2) ndative and absolute humidity, (8) air movement, 
and (4) radiation to and from tlie surroundings. 

WIk’Ii considering this problem it is essential to rem(*mb(‘r that the 
av(^rage individual is continuously producing 400 British thermal units 
of heat energy per hour within his body, due to chemical change's 
associated witb circulation, respiration and glandular activity, so 
that it has beeai (‘stiniated that the resting human body produces, 
every hour, enough heat to boil a quart of water. It has been shown 
by direct measurement of the heat loss from the human body of 
normally clothed individuals sitting in an ordinary room in still air, 
at a temperature of 59° P. and 50 per cent, relative humidity, tliat 
the body losers heat to its environment in the following proportions : 
45 per cent, by radiation ; 81 per cent, by convection and conduction 
to the air ; and 24 per cent, by evaporation by the moisture given out 
from the lungs and skin. 

Although the mechanism for regulating tlui temperature of the 
body may increase' th<i heat loss by sweating, if that heat loss is limited 
by the environment, consid(*rable discomfort to the individual is 
])roduced. If the temperature of the walls of a room is 79° F. (in 
})lace of 59° F. already mentioned), the loss by radiation from the 
body is already halved. Eadiation is increased by artificial methods 
for })romoting currents of air, e.g., by electric fans, and the temperature 
of the air may be rt'duced by air-conditioning. These, however, and 
especially the latt('r, are ex])ensive measures only to be undertaken 
in the larger and well-established centres. Air-conditioning in work- 
rooms and bedrooms is the ideal policy and this is now to be found 
in most tropical towns, but the expense of maintenance renders such 
means impracticable, save for largo commercial undertakings. 

With the idea of counteracting the radiant heat from the sun and 
sun-heated surfaces, Crowden has investigated the physical properties 
of low eniissivity and high reliectivity for radiant heat possessed by 
bright metallic materials, such as aluminium foil. It has been shown 
by laboratory tests that by providing sun-Iielniets with an inside 
lining of bright metallic foil the heat radiated to the head is much 
reduced. 

It has been found, too, that the insertion of a layer of aluminium 
foil in the walls of sheds and lightly-constructed buildings is highly 
effective. The provision of a one-inch air space and its replacement 
by reinforced aluminium foil adherent to thick kraft paper, affords 
insulation approximately equivalent to thirteen inches of brick. The 
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crumpling of the aluminium foil, so as to makc^ it fully occupy the air 
space, appears to enhance the effect. 

Preparations of aluminium and aluminium paint can he applied to 
tlie inside lining of tents and marquees, and this is a ])ractical measure 
which is recanving considerable application for nMlucing the inside 
heat produced by radiation. Asbestos paper and cork lining, one irudi 
thick, are also efficient, though expensive, insulating materials. 



Fig. I. — Portable air-conditioned cubicle. {Courtc.sy, Neivcon Industries, Ltd.) 

Acting on these principles, Crowden and Angus ]jav(^ devis(al a 
form of portable air-conditioned cubicle. It consists of twonty-oiui 
panels, which clip together to make a small room, 10 ft. x 0 ft. x 7 ft . 
high. The walls are insulated by reinforced aluminium foil in the air 
space, which prevents the penetration of heat from outside and kissens 
the load on the small air-conditioning unit serving the cubicle. A 
power consumption of less than 800 watts has been found adeciuate 
for air-conditioning the cubicle under extreme conditions of trof)ical 
heat and humidity. It is possible to maintain a tcanpi^ratun* of 
80,5° F. dry-bulb, 71° F. wet-bulb, 67° F. dew-point, and 65 per cent, 
relative humidity, with an outside climate of 95° F. dry-bulb, OO"" F. 
wet-bulb, and 88° F. dew-point temperature, with a relative humitlity 
of 82 per cent. The use of such cubicles in tropical bungalows, olhci^s. 
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factories, hospital wards, ambulance rooms and in mines should go 
far to eliminate the trials of a tropical climate and maintain normal 
health (Fig. 1). 


NUTRITION IN THF TROPICS 

The prohlenn of nutrition is of fundamental importance, and tlie 
practical application of its main princi[)l(is to tro])ical native races has 
only comparatively recently attracted the attention which it deserves. 
Plven y(‘t, how(‘V(‘r, as regards its wider implications, tin; problem is 
little understood. ^J’Ik; whole subject is another illustration of the 
parable of the sf)il and the seed. Defective nutrition arising from 
unbalanced and unsuitabb; di(;tari(‘s is now known to be responsible 
for many of the ills of mankind, and to ])r(*dispose, indirectly, to 
parasitic infection. Within the space availal)le it is only possible to 
deal with an outline of the principles involved. 

'I'hc ( (nistitncnts of food may be classified as proteins, fats, carb<diydrates, 
minerals, vitamins and water. The functions of these substances are so 
ink'rconneeted that those of any one grou]) must Ik; eonsid(‘red in reference 
to tlie otliers, for, although proteins are necessary for the building uj) of the 
body, they can also be drawn upon for the production of heat and work. 
Again, although the greater amount of carbohydrates and fats are used for 
this purpose, yet some an; also used for building up the proteins of 
the cells of the bcaly. The vitamins are usually known as accessory food 
factors, and are concerned in metabolic processes (acc p. 425). 

Carbohydrates. — The carbohydrates include sugars and starches 
they constitute the cheajK;st source of energy and make up the great bulk 
of the food of man in most parts of the world. They are divided into mono- 
saccharides and poh-saccharides. Mommiccfuirides are easily soluble, and 
diffuse through the alimentary tract, without being acte*d upon by the 
dig(‘stive enzymes. 

'J'he thre(‘ commonest monosaccharides are glucose, fructose and galactose, 
and when consumed in larger quantities than are reijuired for the immediate 
purposes of the body they are built up into the polysaccharide glycogen. 
which is stored in the liver and reconverted into glucose when required for 
the maintenance of the normal amount in the blood. 

Glucose (dextrose, grape sugar) is abundant in many fruite and vegetables 
and is also the product of the action of digestive enzymes on all starches. 

Galactose is formed, together wdth glucose, when the digestive enzymes 
act upon the disaccharide lactose (milk sugar). 

Disaccharides are converted into monosaccharides during digestion. 
Three of them, viz., saccharose, lactose and maltose are important con- 
stituents of food. Saccharose is cane or beet sugar. Pineapples and carrots 
are particularly rich in it. Lactose constitutes 4-5 per cent, of cows’ milk 
and 6-7 per cent, of human milk. Maltose occurs in germinating cereals, 
malt and malt j)roduct8. 

Polysaccharides. — Most of these are insoluble in w'ater. Those available 
for food are broken up by digestive enzymes into glucose. Starch is stored 
up in plants, especially in seeds and tubers, for requirements of energy and 
growth. The action of digestion is to break up the molecules of starch and 
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convert them into soluble dextrin. Glycogen occmrs in all parts of the body, 
especially in the liver ; there are considerable quantities in the muscles and 
it is rapidly used up during active muscular exercise. Cellulose is resistant 
to the action of digestive enzymes, and gives bulk to the food and appears 
unchanged in the faeces. 

Fats. — Fats and lipoids are substances which are soluble in ether, chloro- 
form, or benzene, but insoluble in water. Examples of edible oils are olive 
and coconut oil. 

The fats arc compounds of glycerol and fatty acids. When fat is treated 
with a strong alkali, the glycerol is freed, and the alkali combines with the 
fatty acid to form a soap. 

Fatty acids lend consistency to fats. The better known are butyric, 
caprylic, caj)ric, lauric;, myristic, palmitic and stearic acids. The last three 
arc solid under ordinary temperature conditions of the tropics. 

The other series of fatty acids have general formula' in which the number 
of hydrogen atoms is leas than double the number of (;arbon atoms. They 
are called unsaturated fatty acids and can take up iodine (or other halogens). 
Soft fats, or oils, which are rich in unsaturated fatty acids can be hardened 
to a desired consistency by hydrogenation. 

The fats are composed of the same three elements as carbohydrates but 
are superior to them as a supply of energy and for storage. Eats can be syn- 
thesized from carbohydrates in the animal body. 

Lipoids are not allied to fats in chemical (constitution. They are present 
in the tissues of animals and plants, and are necessary for many vital functions ; 
but the relationship of those taken with the food to those in the body cells 
is unknown. The sterols occur widely in living matter, and when ergostc'rol 
is irradiated with ultraviolet light, calciferol is produced, which has the 
physiological properties of vitamin JJ {see j). 432). 

Proteins. — The proteins are the chief constituents of all the cells of 
the body, and form the greatcer part of all the organs and muscles. All 
contain the five elements, carbon, nitrogem, hydrogen, oxygen and sulphur. 

On hydrolysis, or by the processes of digestion, substances of i)rogressiv ely 
smaller molecular weights are produced — pndeoses first, then peptones, and 
finally amino-acids, of which twenty-one are known. Th(c amino-acids 
constitute the nuclei around which the proteins are built, and the different 
permutations allow an almost infinite number of proteins to be constituted. 

The amino-acids are all compounds of the NHg group, with various organic 
acids. Examples are : glycin, alanin, leucin, aspartic acid, arginine, histidine, 
and tryptophane- Some proteins are rich in amino-acids, and poor in others, 
and there are some proteins such as zem of maize and gelatin which do not 
contain any of the important amino-acids. There is a great deal of evidence* 
to show that the nutritive value of proteins is dependent upon the kind and 
proportion of these acids. Thus, if young rats are fed on zein, which contains 
no tryptophane, they fail to grow, but recover when this substance is added. 

Amino-acids essential in the food arc lysine, tryptophane, histidine, 
cystin, methionine, phenylalaniri, kmcin, isolciicin, valin and theonine. 

Cystin and methionine both contain sulphur and are ])articularly reepnred 
for the growth and maintenance of the skin, which is ri(;h in sulphur. There 
are some, such as prolin and arginine which, capable of synthesis in the body, 
may not be necessary in the diet of adults, yet (*annot be formed fast enough 
for the needs of normal growth, and hence are necessary for the diet of children. 
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Proteins have been (Hassified into three groups as regards their nutritive 
value : — 

(1) “Complete,” when one of these is the only protein in the diet, and 
in suflieient quantity, it eaii maintain life and support normal growth. Casein 
and laetalbumin, ovalbumin, glycinin of the soya bean, and gluletin of maize, 
are examples of these. 

(2) “ Partially ineomplete ” : These can maintain life, but cannot support 
normal growth. Cliadin of wheat, and hordein of barley and prolarnin of 
rye arc examjiles. 

(3) “ Incomplete ” : These are incapable of maintaining life, or supporting 
growth. Zein of maize and gelatin are cxamjilcs. 

The body requires a steady supply of protein for the repair of the tissues, 
such as the hormoni^s. The muscles, when at wTirk, utilize carbohydrates 
and are not breaking dowm thiar proteins to more than a very small extent. 

It has been determined that about 3 grin, of nitrogen represents the 
endogenous expenditure of a man weighing about 154 lb., corresponding to 
about 18.75 grm. of protein for the maintenance of the body, but this is 
ap])arently far too low for a routine dietary allowance. 

The term dige.stirc 'utilization is employed for the fact that the proteins 
of various foodstuffs are not equally digested or absorV^ed. The digestive 
utilization of meat, fish and milk is definitely higher than that of products 
of v(‘getable origin. 

Biological value is a term usc‘d to express numerieally the ability of proteins 
to satisfy the nitrogiuious needs of the body. The numeri(‘al figures give 
some indication of their eom]mrative values. Thus, of animal products, beef 
muscle is reckoned at 98. and sh(‘ll-fish at 72, w hilst maize flour is standardized 
at ()0. The quality of a protein for body maintenance of the adult can be 
(‘X])r(‘ssed in numerical Uu’ms, but this is not the ease with children and 
adolescents, because their relative requirements are continually changing ; 
thus a protein of jioor value in the early stages of life may become more 
valuable in later years whcai growth requirements are declining and needs of 
maintenance increasing. 

As regards the jieriod of grow th it is show n that the proteins of animal 
origin have a marked sufieriority over those of vegetable origin, and amongst 
the former milk holds jiride of place for grow th-promoting properties. 

The protein requirements of pregnancy can be easily estimated. The 
foetus and adnexa contain an average of KK) grm. of nitrogen, w hich maj" be 
represent-ed as ()25 grm. of yirotein. This amount is built up in 270 days of 
])regnancy, and thus the mean production is 2-3 grm. When this is added 
to the maintenance requirements the total is 17-5 4- 2-3 - 19-8 grin., but the 
protein necals are not evenly spread over the whole period of pregnancy, 
less being required during the earlier than during tlie later months A 
woman during pregnam^y, however, is able to store proteins as a reserve 
against the demands made upon lier during lactation. 

There are some common di.sm.'fos of the tropics which greatly increase 
the metabolic rate, and, although carbohydrates and fats are mainly affected, 
the increased oiitjmt of nitrogen and the wavsting of muscles indicate an 
increase in the breaking dowTi of the proteins. Malaria is one of these, and 
so are the prolong(‘d fevers of the typhus, typhoid and undulant groups. 
An adequate diet should contain proteins from a variety of foodstuffs , so 
that all the necessary amino-acids will be present in adequate amounts. 
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Products of animal origin supplement cereals better than vegetable 
products for the needs of growth. 

Minerals. — Many minerals are present in the body ; for instance, 
calcium, phosphorus, potassium, sulphur, sodium, chlorine, magnesium, iron, 
manganese and iodine, with traces of copper, zinc, Huorine, silicon and 
aluminium. All these elements in the human body are necessary for growth 
and health, as they enter into the constitution of all the tissues, and in the 
case of the bones and teeth they are present in large amounts as soluble 
salts in all the fluids of the body, where they maintain neutrality, osmotic 
pressure and solvent powers, supply electrolytes for the action of muscles 
and nerves, and produce acidity or alkalinity in the dig(‘stiv(> and other 
secretions. 

A healthy, active man excretes daily from 20-30 grm. of mineral salts in 
the form of chlorides, sulphates and phosphah's of sodium, ])otassium and 
calcium, and small amounts of ammonium salts derived from j)rote‘in 
metabolism. 

The taking of salt with food supplies the necessary amount of sodium 
chloride. The quantity of different minerals in foodstuffs of vegetable 
origin is directly dependent on the nature of the soil on which they are 
cultivated. 

Some minerals are present in all possible human diets in cpiantities 
considerably greater than the needs of the body. Sodium chloride, for 
instance, is presc^nt in quantities in most human diets, but tlu're an* trib(‘s 
in Central Africa to whom common salt is not easily accessibk*, so that tlu* 
custom of using mineral earth or plant ash has develojM'd. 

MaJiganeae has been shown to be essential for grow th and health, and is 
})resent in vegetable in far greater quantity than in animal tissue. 

Sulphur . — By far the greater proportion of this element in the tissues is 
derived from the proteins of the food. 

Calcium, phosphorufi, irou and iodiiie have been shown in various i)arts 
of the world to be deficient in human diets. 

The greater proportion of the calcium and phosphorus in the body is 
present in the bones and teeth. Calcium and phosphorus are lib(‘rally 
supplied in the milk of all species of animals. Diets deficient in calcium are 
referable to the skeletal structures. The t(*rni pica is applied to (*(*rtain 
manifestations of a depraved appcitite, such as earth -('ating or bone-chewing, 
frequently seen in native jjcople. It should be accepted as a sign of min(*ral 
deficiency. When stunted growth and decay of teeth are prevakuit th(i 
adequacy of the amounts of calcium and phosphorus in the diets has to be 
considered. 

Iron, is present in the body in small amounts, and its fumdions are of 
vital importanc;e since it is an essential element in the formation of the 
haemoglobin of the blood, which contains thirty times rnon; iron than does 
the rest of the body. 

When blood -corpuscles become effete and are broken up, the greater part 
of the iron is not lost, but is retained in the body and used again for the 
formation of haemoglobin. 

Microcytic hypochromic anaemia, which is very common in the tropics, 
especially in anciylostomiasis, is due to an iron deficiency. During pregnancy 
there is a withdrawal of iron from the mother’s body to supply the fmtus. 

Iodine is necessary for the formation of thyroxin, the hormone of the 
thyroid gland which regulates the metabolism of the body. Thc^ie are 
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about ]5 mgni. of iodine in the thyroid gland of an adult man, but only 
10 mgrn. in the rest of his body. 

Iodine is present in sea-water, and the products of the sea, such as fish, 
seaweed and salt contain appreciable quantities of it. 

The Energy Value of Food 

The energy value of food is supplied by the carbohydrates, fats 
and proteins, and is expressed in terms of heat-units or calories. The 
definition of a calorie is the amount of heat required to raise the 
tf'inperature of one kilogramme of distilled water one degree Centigrade. 

The apparatus utilized for the purj)ose of <letermining calorie values 
is Atwater's honib calorimeter. The heat of combustion of organic 
substances depends upon their chemical composition. The total 
energy requirements of the body are conveniently (‘xpr(‘ssed in calories 
per day, either for the whole body, or per kilogramme of body weight, 
and the quantities of food in terms of calories wdiich are necessary to 
support normal metabolic processes may be studied from the point of 
vi(?w of requirements for ba.^al 7netabolism, requirements for general 
mainteiiauce, and requirements for icorlx. The recommendations of the 
League of Nations in reference to energy requirements are as follows : 

For an adult man or woman living in a temperate climate, an 
allowanc(^ (^f 2,400 calories is considered adequate, but the following 
supph'inents for muscular activity are to he added. For light work 
75 calories j)er hour of work, and for ver}’' hard work 300 calories 
per hour of w'ork. 

It has been (hd^Tinined that the average size of most tro})ical races 
(l(‘))ends largely on the status in life, but taking the populations as a 
wliole, the mean sizes ar(‘ smaller than for populations living in 
temperate cliniat('S. 

TIk! mean weights of men and women of most tropical races is 
about 115 lb. for the former and 100 lb. for the latter. It therefore 
follows that the maintenance allowaince of 2,400 calories is too high, 
and 2,100 calories is sufficient, whilst the energy value of the food of 
the average labourer in the tropics may bo placed at 2,600-2,700 
calories j)er diem. 

The balancing of diets for poorer classes of natives, so that the 
proteins shall be adequate in quality and quantity, obviously presents 
many difficulties. It is generally accepted that the daily protein 
allowamce should be 100 grin., with the proviso that it shall include 
37 grin, of protein of animal origin ; but the figures accepted for 
temperate regions are too high for the tropics, and the figures given 
for India are considerably lower. There the requirements for men are 
65 grm. ; for women 55 ; for growing boys 80, and adolescent girls 
70 grm. per diem. 

The weight of fat in the diet should be about the same as that of 
proteins, and should not fall below 50 grm. daily. Butter and ghee 
are preferable to vegetable oils. The main function of the carbo- 
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li^^drates is to supply calories in all cases where additional ent'rgy is 
required for work. This should be supplied by foodstuffs rich in 
carbohydrates, such as rice, bread and other cereal foods. 

The calories of a diet consisting mainly of rice, dhal, coconut and 
green vegetables, such as is coninionly in use throughout India and. 
Southern Asia, are sufficient for the average man and the proteins, 
although not of a high biological value, are just enough for an adult, 
but such a dietary is usually deficient in calcium, wdiile the supply of 
adequate protein of higli liiological value is not sufficient for the needs 
of growth and maternity, hut the addition of fish increases the supjily 
of calcium as well as of jirotein. 

The effect of dietary upon the ])hysi(pie and health of tro])ical 
natives has been nuule the subject of a special study by Orr and (lilks 
(1931). A survey of tAvo tribes in East Africa, the Masai and th«^ 
Kikuyu, were made. The former subsist mainly on milk, meat and 
raw blood, and on an average are 5 in. taller, 23 Ih. heavier and 50 jxT 
cent. strongiT than the latter, Avho livi' mainly on ct‘reals, roots and 
fruit. Mark(‘d differences Avere found in tlu' incidence' of disiniso in the 
tAvo tribes, ilony deformities, (buital carlis, aiuemia, pulmonary 
conditions and tropical ulcer an^ Aa^y much mon* priivalent in the, 
Kikuyu, Avhilst intestinal stasis and rheumatoid arthritis are more 
common amongst the Masai. 

Tal)l('S of tilt' nutritional valiu' of th(‘ main foodstuffs of (Vniral 
African nativ(‘S have Ijetai prepanat ])y tli(^ Imjierial Jhireau of Animal 
Nutrition — as it is generally agnaal that th(^ native must have Ixdter 
food if he has to liave IxTter htailth. It is admitted thati it is difficult 
to assess the effects of different diets iqion particular native ])eopl(‘S, 
since little is understood regarding the metabolism of African 
natives. 

'There is no doubt that improved nutrit ion calculatial u})on a scientific 
basis should confer enormous benefits ujion the British C’olonial Tlmjiire, 
and indeed upon all natives of the tropics, not only in the eradication 
of deficiency diseases, but also in reducing the Aery higli infantib' 
mortality Avhich is to bo found almost oAu^rj^Avhere. Tiie qiu'stion has 
formed the subject of a. searching enquiry liy a Government Committee 
on Nutrition in the Colonial Empire (February, 1939). 

One of the most striking outcomes of this enquiry has been to shoAv 
the almost complete absence from tropical diets of milk, or indeed of 
animal products, in all native communities, Avith the possibki exception 
of the West Indies. Another striking fact Avhich has emerged from 
this survey is the extent to which native peoples are dependent on a 
single crop for their main supply of food. Indeed, it may bo said, as 
compared with the European a low standard of living is almost 
universal. With such a diverse range of climates, environment, 
peoples, customs, prejudices and beliefs, it becomes almost impossible 
to generalize, so that the kind of diet which Avill give the I>est results 
must ahvays be worked out on the spot for each territory. Ignorance, 
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tradition and prejudice remain the most important factors in this 
problem. 

In working out the energy recjiiirements of the body in native 
communities, recent work has shown that the formula should be 
comput(}d upon the surface area of the body. The formula commonly 
employed is that of Du Bois, which is as follows : 

Surface area in sq. centimetres = w^t. in kilos. X 0-425 + height 
X 0-725 + 71-84 (a constant). 

It has already been stated that the biological value of food for the 
human subject may vary V(‘ry considerably, and as n^gards the variation 
in chemical composition, it is common knowledge that the soil in which 
a foodstuff is grown, the method of manuring, the time and method 
of harvesting, the methods of storing, marketing, processing and 
cooking, all have a very marked effect upon the value of the food as 
consunK‘d, so that a proper allowance has to be made for all these 
factors. As regards the power of the individual to b(mefit from the 
food he eats, there an^ many factors which react upon the state of 
nutrition by affecting the metab{)lic processes in the body, such as the 
hygi«Miic surroundings, high humidity, traumatic states and ]iathological 
processt^s which interfere with the powers of absorption. Against this 
also is the possibki action of ioxic suhsfances in the food. In the 
examination of native dietaries, it should be remember('d that untoward 
results may be due to c.yanides, fluorides, and (‘Vf^n the result of parasitic 
growths and contamination from storage. 

The mor(‘ obvious feature of native diets is tliat, with a f(‘W ex- 
ceptions, they are predominantly vegtdarian in naturt' and that 
relatively small quantities of animal products iwc consunu*d. Maize, 
rice, millets, guinea-corn, groundnuts, beans, peas, cassava, yams, 
coco-yarns, tannias, sweet ])otatoes, plantains, bananas, gourds, coco- 
nuts and other palm products and numerous leafy vegetables are the 
main raw material of vegetable origin from which dietaries are comjrosed. 

It is therefort3 apparent that the outstanding feature of their diet 
is that, judged by Ijuro])ean standards, an unusually high proportion 
of the energy value of the diet is derived from carbohydrates. This 
is therefore at the expense of the amount of fat in the diet which is 
usually very low, except in areas where coconuts (as in Malaya and 
the Pacific) or other palm products (in South Nigeria and West Africa) 
are largely consumed. Since it is necessary to consume two and a 
quarter times as much carbohydrate, by weight, to obtain the 
same amount of energy as from one unit of fat, it follows that the 
diets are also bulky relative to their nutritive value. 

This does not by any means imply that most native races eat 
too much food — much more often they eat a great deal less than they 
ought to do. Although, under the present circumstances, there is no 
actual famine, yet there is frequently a shortage owing to bad harvests, 
plague, locusts and economic stringencies. If the diets are unduly 
bulky, the bulk is made up of foodstuffs unsuitable for nutrition. 
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The diet of pastoral tribes of Kenya and Tanganyika consists 
chiefly of meat,, blood and milk, and in North Nigeria also animal 
products are easily obtainable, whilst to the nomad Somali, camel’s 
milk is the staple article of food, but these are quite exceptional cases. 
Wherever meat is available it is poor in quality, doficiimt in fat, and 
far too expensive for the poorer classes. Fish is most used by thos(‘ 
to whom it is easily available on the seaboards, river or lak(^side, and 
is commonly eaten fresh or dried, but with the exc('ption of the Facitic 
Islanders it does not constitute the main article of diet, ’there is a 
general deficiency of fats and, when procurable, they are drawn from 
vegetable sources. This is deleterious as fats act as veliieles tor 
vitamins A and 1). Added to this, there is a deficumcy in the con- 
sumption of leafy vegetables and fruils, and therefore of vitamin C. 

Beriberi (p. 435), which is recognized as a deficiency of vitamin Bj, 
occurs most frequently in countries where rice is the staple article of 
food, in China and Malaya. In the Straits Settleiijcnts it still causes, 
on an average, 900 deaths a year. 

It is probably correct to state that, beyond the wch-t^stablished 
diseases, there are a, great many borderliiu; cases, wIkto (‘omparativo 
malnutrition leads to a gtaieral lowering of the standard of health 
without eliciting the recognized symptoms of the classical disease. 

Special crops which should be encouraged from the point of vi('w 
of nutrition are now receiving special attention, and amongst th(‘se 
the soya bean {Ghjc/uic Idsjnda) and the groundnut {Arackis JujpogcEci) 
are worthy of special uKUition, for they both contain protein of good 
biological value and a high })roportion of fat. The groundnut contains 
between 20 and 30 per cent, of good protein and as much as 40 to 
50 per cent, of fat. The soya bean is particularly rich in calcium, 
and the groundnut in vitamin B^, and in general, as regards its mineral, 
fat and protein content, compares favourably with most vegetables. 
Unfortunately, it is not an easy crop to establish. Tluire are otluT 
l(‘gunies which are of special value as foodstuffs — such are the pigeon 
pea {Cajanus cojaii), cow peas {Vigna unguicuJata) , black and gnxui 
grams {Pliaseolus mungo and P. aureus), tepary l)ean (P. axyuJifo/dus), 
Lima bean (P. lunatns), dolichos bean {Dolichos labial?), and haricot 
bean (P. vulgaris). 

There are a number of other vegetables which are of nutritive 
value, including the yams and potatoes. The red and yellow sweet 
potatoes are good sources of the precursors of vitamins A and C. As 
regards oils and fats, of which there is generally a deficiency, there 
are found several oil palms in West Africa, especially the red palm 
oil obtained from the fleshy pericarp of the fruit of the oil palm. Elans 
guinensis, which, as far as vitamin A is concerned, is equal to good 
cod-liver oil. Tlje kernels also contain a special oil known as “ palm 
kernel oil,” which is also used in food and for a great many otlier pur- 
poses. The cultivation of these oil palms is a special industry in West 
Africa and they have now been exported to Sumatra and the West 
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Indies. The importation of this palm is to bo encouraged wherever 
the soil and climate are suitable. “ Shea butter ” is obtained from 
the nuts of the wild shea tree {Butyrosj)ermum parkii) and is also a 
considerable source of fat. 

The principal articles of diet consumed by native races may be stated 
as follows ; 

Africa (East Africa, Somaliland, Uganda, Tanganyika, Kenya, Nyasa- 
land) : — The natural food of the nomad Somali is milk and meat with additions 
of ghee, rice, dates. The diet lacks variety, and the imbalance is due to 
fat excess, resulting from milk and ghee. There is a striking absence of 
deficiency diseases. In Kenya different tribes have entirely different dietetic 
habits. The diet of the Masai consists chiefly of meat, blood and milk; 
whilst that of the Kikuyu and indeed most others, is composed of maize, 
tubers and legumes. In Tanganyika the diet consists of millet, mtama, 
maize, rice, groundnuts, beans, cassava {Manihot utilissinui), sweet potatoes 
{Iporriwa hatatas), and occasionally fish and meat, mutton, goat’s flesh, milk 
and blood. Tabus and tradition are important factors in dietary shortages, 
and a tabu on eggs and milk may operate^ even during a time of shortage. 
Owing to trypanosomiasis, the j)eople in two- thirds of the territory 
are prevented from keeping domestic animals. In Uganda the diet 
is chiefly vegetarian. Jdantains form the staple article in parts of 
the eastern, northern and western provinces ; in the rest of the country 
grain is the staple, the small millet (eleusine) being the commonest. 
Again beans and peas may be the staple. Sweet potatoes, great millet 
(sorghum), cassava, simsim, pumpkins, gourds and native spinach are 
secondary foods. Locusts, grasshopj)ers and white ants are universally 
eaten as delicacies. 

In Nyasaland maize is the staple foodstuff, except in areas where the 
soil is unsuitable and cassava is relied upon. The staple foexi, whether maize 
cassava or millet, is eaten in the form of a porridge. The amount of milk 
consumed varies from tribe to tribe, but is not taken by adults. Eggs 
are neglected by tribal tabus. The intake of first-class protein is entirely 
inadequate. Throughout West Africa the nutritional level is considerably 
higher than in the Central portion or on the East Coast, and there is a great 
variety of proUuns and fats. 

In the Northern portion, on the Cambia, where seasonal crops are grown, 
the staple article of diet is imported rice, but in the winter months, millet 
and guinea corn take its place. Secondary foods are yams, coco-yams, 
cassava, pigeon pea, ragi, okro, pumpkin, tomatoes, citrus and other fruits. 
On the Gold Coast, and Sierra Leone, the staple articles of diet in the northern 
territories are millet, guinea corn, yams, Era-Era potatoes, supple- 
mented by maize, groundnuts, tomatoes, onions and shea butter. This 
latter, which is a most important supply of oil and fat, is obtained 
from the nuts of the wild shea tree, which grows in a wild state, 
especially in Northern Nigeria and the Gold Coast ; it has recently 
been introduced into Uganda and other parts of East Africa. In the 
southern portions there are in addition plantains, meat and fish. In 
Nigeria, beans, milk, eggs, meat and green vegetables are procurable, 
and also a certain amount of honey, and there is an abundant supply 
of shea butter. 

In Malay a f the East Indies and Southern China the available food supply is 
3 



34 


LIFE IN THE TROPICS 


wide and varied, and is ample in most towns if the resources are at hand to 
purchase it. Rice is the most important food, and is supplemented with 
vegetables of the root variety, leaves and pulses. Fat supplies in Malaya are 
obtained from the red unbleached palm oil produced locally, which is a source of 
vitamin A. On the whole there is deficieney of vitamin B products and prot(dn. 

India and Ceylon present a spt?ciaJ problein on account of their highly 
industrialized state and on account of the diversity of the population. The 
Hindoos, for instance, are precluded by their religion from eating meat. 
The staple articles are rice, most of which is polished, coconut, leafy vegetables, 
yams, tubers, beans, lentils, peas, dhals and gourds, which are cooked into 
curries of various ty^K^s. Curry stuffs consist of chillies, coriander, saffron, garlic, 
nutmegs and fish ; the latter is the principal foodstuff of animal origin eattui 
by the poorer classes. Milk seldom enters into the dietary. The diet in the 
towns is superior to that in the rural areas. 'J'ea is the principal beverage in 
Ceylon and in South India, and toddy mad(i from fermented sap of coconut 
is also widely used, and the toddy yeast is rich in vitamin B. The most serious 
deficiencies in the diets of the masses are of animal prote in, calcium, and 
vitamins A and B complexes. To improve the calcium content a greater use of 
small fish and leafy vegetables is advocated. 

Nicholls in Ceylon has shown the food value of the egg-})lant (Solanutn 
rrielogena), and has analysed the substances in the edible portion, as reported 
from five countries. The highest protein content is from Malaya (2-2 jier 
cent.), whilst the lowest is in Java (1-0 per cent.), and the calcium and iron 
contents also vary proportionately. Orr has stated that in no part of the 
world is the problem of nutrition to be more seriously studied than in India, 
where there are only two rice bowls for three mouths. Thc‘ fundamental 
difhculty is shortage of food, and tlie problem is one of agricultural reorienta- 
tion and develojunent to provide more food, and especially milk and other 
])rotective foods fW’ human consumption. 

Indies and South America . — The average; diet of the working classes 
in Barbados, Jamaica and other West Indian islands consists chiefly of rice, 
hour and other cereals, sweet })otatoes, yams, onions, salt pork or beef, salt 
fish, sugar and tea. Milk consumption is low, and in the majority of cases 
the condensed })rcparation is used. There is a shortage of milk, eggs and 
fresh vegetables. The weekly wage of parents does not usually suflice to 
feed the whole family for a week, so that the ehildren, after the middle of 
the week, re(;eive no regular meals. In Jamaica cows’ milk is rarely taken, 
even when available. Fat, of whicJi the chief source is coconut oil, is deficient 
in the majority of diets. Vi;getables, such as pumpkins, onions and tomatoes 
are not (;xtensively used. Special stress is laid upon the shortage of protidn 
in the island products. A high jiereentage of the ])opulation suffer from 
varying degri'cs of subnormal nutrition. 

In British Guiana^ Venezuela^ Biazil and the tropical jiortions of South 
America, rice is grown over wide areas and is the staple article of food for 
more than a quart(;r of the population, and maize is grown to some extent. 
Sweet potatoes, tannias, yams, cassava, bananas, plantains and bread fruit 
are commonly used. Although there is usually a protein delicicncy, there 
caimot be said to be a shortage of fresh meat, and there are many varieties 
of local fish, whilst eggs and milk are fairly plentiful. The main difficulty 
about the milk is its unsatisfactory quality, due to adulteration and con- 
tamination. Fats are generally deficient and are obtainable mostly from 
coconuts and avocado pears. 
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Hk;k (.see p. 438) 

Hice forms tlie staple food of nearly one-half of the world’s population. 
It is at present being produced in amounts sufHcicnt to supply one-fifth of 
the caloric r(*quirements per capita ])er annum. It is estimated that there 
are about 2()() million aiTcs of land under rice cultivation, and two-thirds of 
the area are shared c(|ually betweiJii ( -hina and British India, and about 60 per 
cent, of the world production is grown in the British Empire. The peo{)les 
who subsist on ri(;e consume as much as 80-90 j)cr cent, of it as the total 
food intake. 

Th(^ yirottnns of rice are of a good (|uality, their biologic^al value for 
man apfiroxi mates very closely to that of beef, and the amino-acids compare 
in amounts very favourably with that contained in other proteins, but the 
miiUTal constituents are low' and the needs for calcium and phosphorus are 
not met by either unmilled or yiolished rice (.see j). 438). 

It is realized that, during storage, serious changes detrimental to the food 
value of rice may occur, and this in native hands unfortunately frerpiently 
takes })lac('. It is ])ossible to feed on rice which has been well milled, as a 
sole and sta])l(‘ food, without developing any signs of beriberi, provided that 
the rice is stored undiT conditions so that its vitamin Bj is not lost. 

It has been established that ri(‘e can be stored without its husk with as 
good or better ri'sults than those obtained with rice stored with its husk on. 
Bi(;(‘ slK)uld not be over-washed before cooking. The widely used method of 
})rocessing is known as '' parboiling,” and consists of soaking rough rice in 
either cold or hot walm' in cemmit or metal tanks. After draining off the 
water, the rice grains are submitUal to steam till the hulls are opened slightly. 
4’his soaking y)rocess may last four days. On a diet of parboiled rice no less 
than 150 international units of vitamin Bj must be suyiydied daily in other 
components of tlu* died (as, for instance, by 6 oz. of dried beans or 3 oz. of 
groundnuts). 

Th(‘ cooking of ric(^ must b(‘ carried out in a manner in which there is 
n'tmition of vitamin Bj. 

When conditions ar(‘ obtained for optimal production, it is found that 
th(*re is no food crop of comparable nutritional value which can approach 
rice in the amount of food ])roduc(‘d in a given area, and in its suitability as a 
food for man in the character and proportion of its ingredients. 

THE TROPICAL AN.EHIAS 

There are so uiaiiy varied parasitic infections in the tropics that 
ancvjnia, as a clinical feature, is almost universally observed. Besides 
that due to the very active lueniolysin-prodiicing yiarasites, of which 
malaria and the ancylostome are the most important, every kind of 
ainemia which is familiar from a study of general medicine is some- 
where to b(i found. In the appropriate place in the text of the present 
work the jiaTticular kind of amemia associatcKl witli a particular species 
of infection will be mentioned, but in addition to tlu'se there are idio- 
])atJLic ancon las pemiliar t o t he tropics ha ving features peculiar to 
themselves. It has therefore been considered advisable to introduce 
a special section on this subject, especially as the scientific study of 
the aiuBinias has been placed upon a new basis as the result of modern 
intensive research. 
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Macrocytic Anaemia of Pregnancy 

Synonyiu. — Tropical macrocytic anaemia. 

Macrocytic anaemia has for some time past h(H3n recognized in 
India, Malaya, West Africa and other parts of the tropics, in pregnant 
women. In the former country it has been diflerentiated by Wills 
and others from the “ pernicious anaemia ” of pregnancy which occurs 
in temperate climates. The macrocytic anaemia of pregnancy is 
gradual in its onset during the second month, but the final breakdown 
may be sudden. As in pernicious anaemia, many of the clinical features 
are referable to the decrease in the num})er of red blood-corpuscles. 
The tongue may be sore, but nerve changes are absent, and the oxyntic 
cells of the stomach secrete hydrochloric acid. (Edema of the feet 
and ankles is associated wdth low blood-pressure and pyrexia. Eetinal 
hamiorrhages are common. This macrocytic aniemia of pregnancy 
is essentially din^ to dietetic deficiencies, aggravated hy superadd(*d 
infections of malaria and ancylostomiasis, and there appeal's, therefore, 
to be no essential difference between the macrocytic anaania of preg- 
nancy, as described by Wills and Mehta in India, and the nutritional 
macrocytic anjemia which has been made the subject of special studies 
in Macedonia by Eairley, Bromfield and Kondi. In the case of macro- 
cytic anaunia of pregnancj^ many patients survive to term but collapse 
during parturition. Premature labour is usual, unless the disease is 
treated in time. Cases with aruernia, when associated witli albuminuria, 
sometimes suggest toxamiia of pregnancy. If this condition is recog- 
nized in time and treated by blood transfusions and liver thera])y, 
patients may proceed to term, but the children, though not themselves 
anaemic, are feeble. The response of this type of anaemia to liver 
therapy suggests that it is due to the lack of hiemopoietic principle. 

For a clearer understanding of this subject it is necessary to describe 
the processes by which these blood changes are produced : 

(1) Beticulo-evdolhelial stage 

Development into megaloblasts. Interference at this stage 
produces aplastic or norinocytic ancemia. 

(2) Megaloblastic stage 

Development into normoblasts. Interference at this stage 
produces viegalocytic ancemia. 

(3) Normoblastic stage 

Development into erythrocytes. Interference at this stage 
produces microcytic ancemia. 

Megalocytosis. — Megaloblasts, when hindered during their normal 
development, produce a certain number of megalocytes, which then 
enter the circulation and cause an increase in the average size (megalo- 
cytosis), with consequent reduction in the total number. The total 
amount of haemoglobin falls in conjunction with the above. 

The colour index rises owing to the increased proportion of 
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haemoglobin (saturated inegalocytes). At the same time, megaloblasts 
are almost invariably present. 

Summary of present knowledge of essential factors.— 

It is thought that the normal individual obtains the factors necessary 
for blood regeneration from the interaction of an intrinsic factor in 
the gastric juice, and an extrinsic factor which exists in food. The 
result of the interactions of these two factors is absorbed from the 
intestines and stored in the liver and other abdominal organs. 
Addisonian or pernicious anaBmia certainly arises from a deficiency of 
the gastric factor ; but the syndrome of macrocytic anaBinia may arise 
principally from a dietary deficiency. Thus in sprue, idiopathic 
st(‘atorrha‘a and intestinal stenosis, hydrochloric acid is present in the 
gastric juice, and the pr(‘seuce of Castle’s intrinsic factor has been 
demonstrated, yet the macrocytic ty})e of anaunia is identical with 
that found in pregnancy and in nutritional megalocytic anemia. In 
j)regnancy a latent partial deficiency may become manifest owing to 
the demands of the fcntus for haemopoietic material. Borne alteration 
in the internal metabolism of “ liver extract ” is thought to occur in 
certain cases, and to account for the macrocytic anaemia, frequently 
found in liver cirrliosis, and in tropical nutritional amemia, and which 
is affected by su])t*radded infections, sucli as malaria. The anaunias 
of deficient nulrition, like the avitaminoses, are the result of variable 
partici})atiori of a number of circumstances affecting the intake, ab- 
sorption and utilization of essential food factors. 

The h(et)iopoiefic suhsfance, or P,A. factor, — Th(‘ mode of formation 
has been elucidated by the discovery of various substan(*es in the cun- 
of pernicious anaunia. Active substances given by mouth, in order of 
preference, are- -liver, liver extract, hog’s stomach, gastric juice 
digested with beef, gastric juice with yeast (vitamin Bj and Bg). The 
active preparation on injection is liver extract. The production of 
haunopoietic substance is produced by the interaction of : 

J^itrinsic factor, secreted from the pyloric end of stomach and 
duodenum, probably by Brunner’s glands. This secretion may be 
prevented by some unknown lesion. 

Extrinsic factor, the nature of which is unknown. Closely associated 
with the vitamin B complex, it is present in most mixed diets. 

Megalocytic anaemia therefore develops if hemopoietic substance is 
defective and its action on bone-marrow inetticient. Deficiency may 
result from intrinsic factors. Extrinsic factors arise as the result of 
absorption from intestine — and errors of storage. Several of these 
factors may operate simultaneously. 

Nutritional Macrocytic Anemia 

As this form occurs among tropical peoples, it is probably universal 
wherever the population is living on an unbalanced and deficient 
protein dietary. Nutritional anaunia is associated frequently with 
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malaria and syphilis, and in India also with ancylostomiasis. Fairley, 
Bromfiold and Kondi now recognize a viacrocyiic hcemoJytic iype, which 
is prevalent in Macedonia, and is accompanied by splenomegaly due to 
chronic malaria infection. In this type there is a primary nutritional 
dehcifaicy with a lunmolytic agent — tlie malaria parasite — superadded. 
Utah's as well as females are affected. In addition to the amemia tlu*re 
is a tendency to leucopenia with a shift to th(' loft and a decrease in 
the platelet-count. 

Thc‘ anaemia, is distinctly macrocytic. The average corpuscular 
diam(d('r is al)()ul 8*0 fi. The real C(‘lls are, as in ])ernicious anauuia, 



rig. 2. — Sickle cells. Fresh blood preparation after forty-eight 
hours. {Bulletin of the Johns Iloj)kins Hospital.) 

more reduced than the haunoglobin. There is much anisocytosis, hut 
less poikilocytosis than in pernicious anaemia. 

Trcatmeml anamiia responds to liver or liver extracts quickly 
— it is said that anahauniii is not effective. 

Differential cUaynosis. — In pernicious anaemia there is aclilorhydria 
and a positive van dtai Ber^h reaction, whilst in tropical nutritional 
anaemia the opposite is the case. Glossitis is said to be much more 
common than in pernicious anaemia. Tropical nutritional anaiinia has 
also to be distinguished from the macrocytic anaemia of sprue. 

Sickle-cell Anaemia 

Sickle-cell anaemia is a severe haemolytic ana3mia in which the red 
cells assume a peculiar sickle shape (Fig. 2). It occurs almost exclusively 
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among nc^groos. The disoaso is characterized by remissions and 
exacerbations of the aiiainnia, associated with joint pains and a tendency 
to ulceration of the legs. First described by Herrick in 1910, it has 
formed the basis of a fine study by Huck (1923). This disease is the 
most common })rimary blood dyscrasia of negroes, and nearly all the 
cases have been described in rn(‘mb(Ts of that rac(‘ in thcj United States. 
On the whole, it is a rare disease, and the sickle* cell trait is present in 
5-7 per cent, of all Am(*rican negroes, quite irn'spective of whether 
they are healthy or not. Sometim(*s it is found in mulattos^ Kosenfeld 
and l^incus have found it in Italians, Cooley and Jj(‘e in Greeks, Sights 
and Simon in white Am(‘ricans, and Wallace and Killingsworth in 
Mexicans. It has also be(‘n found in wild deer in America. 

All hough this disease must have originated in \\I‘st Africa, whence 
it was imporied into tin* United States, comparatively few cases have 
be(‘n r(!cogni/ed in that continent. Th(‘r(i are a few records, e.g., by 
Archibald, of a case* in an Arab, from the Sudan (1926), and other 
scattered records from Xig(‘ria and the Gold Coast (Russell and Taylor, 
1932). It is an hereditary and familial disease with a Mendelian 
doniinanc 3 % and is transmitted (‘qiially by mak* or female. It must 
lx* r('memb(*rt*d that tin* sickh* cell trait is not invariably associated 
with aiuemia. Sickle-cell anamiia has to be distinguished from 
ovalocytosis, which is a h(*r(Hlitar 3 ’ familial condition, in which tin* 
clli})tical sha[)e of the n'd cells (lik(^ those of tie; camel) is transmitted 
in a M(‘nd(‘Iian maiiia'r. In this state, it has Ihx'U shown that tla* young 
n*d c(‘lls irj tfui bone-marrow have the normal round shape, and they 
only assuiiK' an o\al form wluai they h(‘come niatun*. C'ooley and Ler 
ha\ (> drawn attention to the probable tribal origin of sickle-c(*ll anamiia 
in W’est Africa. 

Si(‘kl(‘-cell aiuemia b(‘gins in childhood, and mal(‘S an* affected three 
tini(‘S as frequeiitly as females. It has been noted that symptoms 
of th(* disc'ase may present themselves at seventy-eight ^'ears of age. 
The red cells are larger than normal, and sliow either a normal or 
decreased fragilit}". The sickling develops usually only after the blood 
has h(‘eii takc*n. Ordinary stained blood films do not reveal the sickle 
shape of the red cells exce})t in very severe cases. The non-recognition 
of this fact is ])robably due to the comparatively few instances which 
hava^ IxH'ii recordi'd. Th(> W(d.-blood films should be ringed with 
vas(*liiH* and allowed to stand overnight. Coolev and Jj(*e have shown 
(192()) that in {>r(*paral ions ke])t in the incubator the sickle c(*lls dis- 
apjiear, l(*aving the normal round cells intact. 

Idle latent phase of the disease is much commoner than the active 
one ; in this the red cells in the circulation do not circulate as such, 
and only a few actual sickles can be found in perfectly fresh blood. 
In fresh preparations largo endothelial cells may be seen engulfing red 
corpuscles. Nucleated red cells are always present (Cook and Meyer, 
1915). In severe cases tla^ red cells are reduced to 2-3 million, and 
the leucocytes increased to 15,000 per cu.mm. Basopliilic stippling of 
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the red cells is common and the blood platelets are not diminished 
(Mason, 1922). 

Pathology. — The bone-marrow is hyperplastic and contains 
sickle cells. The splec^n may be enlarged or may be trophic and 
lihrotic. Osteoporosis of the bones is commonly observed. Eich has 
described lesions in the spleen which are considered characteristic. 
There is a congenital malformation of the sinuses, which permits free 
escape of blood into the pulp, and this is especially marked round the 
Malpighian bodies. In formalin-fixed specimens alone can the sickle 
character of the cells be recognized in sections. Oraham (1924) has 
made a minute pathological study of this disease and finds chronic 
hepatitis and cholelithiasis usually present. 

Symptoms. — Sickle-cell anaemia may remain lat(*nt throughout 
life. On the other hand, there may be an active phase causing a 
severe chronic ana?mia of the haunolytic type, associated with weakness, 
dyspneea and a tendency to ulceration of the legs, r(*st‘inbling indurat(‘d 
syphilitic ulcers (Huck), a yellowish discoloration of lh(‘ sclera', and 
jaundice, especially when the lilood destruction is very great. The 
liver and spleen are usually enlarged. There may bo thrombi in 
the small vessels of the lungs, giving rise to symptoms of cardiac 
disease. There is usually a ])ositive indirect van den Bergh reaction. 

When the disease is active there may be int(‘rmittent paroxysms 
of fever, associated with severe joint pains which may last two or 
three wa'eks. These patients wdio exhibit anamiia usually do not liv(‘ 
beyond middle age, and death usually takes place from intercurrent 
infections. Th(^ latent disease may be stimulated into activity b}^ 
any infection. 

Blood changes. — Sometimes the blood is macrocytic, and th(*re 
is a neutrophile leucocytosis of 10,000- BO, ()()(). IkdycliroTnasia is a 
marked feature, there is a reticulocytosis of 25 per cent. ; normoblasts 
are common. 

It has been shown that by keeping citrated blood under oil for 
twenty-four hours, and then adding formalin, the tost for sickle-cells 
becomes very delicate. 

Treatment.— The treatment is purely symptomatic. The aruemia 
may be improved by iron and liver tlauapy. Blood-transfusion is of 
distinct value in relieving paroxysms of blood destruction. Splenectomy 
has been emi)lo 3 ^ed with some benefit in selected cases, but the sickling 
is unaltered by this operation. 

Cooley’s Anaemia 

In 1927 Cooley drew attention to an anoemia — a blood dyscrasia — 
occurring usually in children of Mediterranean parentage, associated 
with splenomegaly, a definite mongoloid facies, and characteristic 
changes in the bones, particular!}" of the skull and hands. The age 
of incidence is commonly from six months to three years, but older 
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children are not exempt. It is closely related to, if not identical with, 
von Jaksch’s “ erythroblafetaemia of childhood.” On account of its 
predilection for Mediterranean races the condition has somewhat 
fantastically been described as ‘‘ thalassiemia.” One case has been 
described by Cooley in an Enf:;Iish child, and Moncrieff and Whitby 
found a typical example in a girl of one year and six months, a child 
of Greek parents in London. 

As a blood dyscrasia appearing in recessive Mcaliterranean races 
it is comj)arable to the sickle-cell anyemia described above. Homologous 
twins with this condifion liave been reported. Most cases so far have 
been reported from AnuTica. 

Blood changes. — There is a moderately severe amemia. The 
red cells nuinbiT from 2-4 million per cu.mm., with Inemoglobin 
4-9 grin, per cent. (30-00 per cent. Haldane), and the colour index is 
therefore low. ^.Fhe most striking featun* is th(‘ larger number of 
normoblasts, whicli may number as many as 200 per hundred leucocytes. 
True megaloblasts an* not found. Anisocytosis is marked with poikilo- 
cytosis. There is great variability in the cell size. 

There is usually a persistcait leucocytosis of 13,000-50,000 cells, 
and in severe cases a few myeloid cells. There is no increased fragility 
of the red cells. The indirect van den Bergh reaction is positive. 

Clinical features.— The chronic haemolysis is shown in the skin 
by j)igmentation and by an excess of urobilin in the urine. The 
[ugment distribution in the main resemides that found in luemo- 
chrornatosis. Th(*re is splenomegaly which is invariable and associated 
with hypertrophy of tlie liver and enlargem(‘nt of lymph-glands. 

Idle patient's features have a peculiar muddy yellow look, associat(*d 
with a thickening of the cranial bones and malar eminences, giving a 
p(*culiar Mongolian appearance. The bony alterations, which are 
caused by hyperplasia of the bone-marrow, can be demonstrated 
radiograpliically and consist of coarse trabeculations and rarefaction. 
The inner and outer tables of the skull are thinned. Spleiu^ctomv has 
little effect on the course of the disease, which is invariably fatal. 

Pathology. — The excised spleen shows a thickened capsule with 
l^roniinent Malpighian bodies and a mild g(*neral fibrosis, and the 
bone-marrow a marked hamiopoietic reaction. There are islands of 
megaloblasts. The majority of the myelocytes are eosinophilic. 

^Etiology. — Its congenital nature places Cooley’s aniemia in the 
same class as acholuric jaundice, sickle-cell amemia and, possibly, 
idiopathic steatorrhoea. 

Acholuric jaundice can be excluded by fragility tests, and severe 
aiifemia accompanied by rickets must be considered. 

Treatment. — There is no satisfactory treatment. Blood-trans- 
fusion is without effect, and liver and iron therapy are useless. The 
disease is progressive and most patients fail to reach the age of ten. 
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THE COMMONER DISEASES IN THE, TROPICS AND THEIR 
MODIFICATION BY TROPICAL CONDITIONS 

The institution of special schools and courses in ti' 0 })ical medicine 
and the remarkable discoveries which have been made in this branch 
of science have tended to foster the idea that tropical diseases necessarily 
predominate in most tropical countries. ]’his, however, is by no means 
the case. The fact is that most of the ills which afflict mankind occur 
nearly everywhere, but their incidence and frequ(‘ncy appear to b(» 
influenced by local circumstances. Moreover, the clinical picture of 
a familiar diseast? may be modified or masked by some su])eradde(l 
pjirasitic infection. Indeed, a complex pathology in tlu^ tropics is thci 
rule rather than tlie exception. This subject, whicli lias liet^n nanii‘d 
“ geogra])hical pathology,” has received serious atti'iition during 
n'cent yi'ars and has jirovided data of considerable im[)ortanc(‘. Wliilf* 
it is manih^stly impossible in a book devoted to tropical discuses to go 
into the matter in a detailed way, a general survey should not be out 
of place. 

Diseases of the Digestive System 

Little is known about the variations in gastric secretion in the 
tropics, save that in ancylostomiasis and other worm inflections th(‘ 
secr(‘tiion of hydrochloric acid by the oxyntic cidls is leduci'd : hut it. 
is a st riking fact that (jdHiric and duodenal ulcers are seldom ('ncount.i'red 
in native races living on a simple carbohydrate dietary. This applii's 
esjiecially to Indians, Javanese and Negroes. As the result of 2,170 
autopsies, Kouwenaar in Java concluded that ulciers of th(> stomach 
and duod(‘num arc found only in 1 per cent, of Javanese as against 
10 per cent, of Chinese. Gastric and duodenal ulcers are said to hi* 
very common in Abyssinians, and this fact is ascribed to dietetic causes 
(Bergsma). Wanless finds these ulcers common in rural districts of 
western India, due to septic mouths and excessive stimulation by hot 
curries. Diverticulosis and diverticulitis appear to be very rare or 
almost unknown. 

ArrENDiciTis 

Inflammation of the appendix is a rare event in naii\'e races, and 
the fulminating cases requiring immediate 0 ])(‘rati()n seldom occur, in 
marked contrast to the frequency of this condition in thi^ European 
residents. In Indians, both among Moslems and Hindus, acute 
appendicitis is extremely rare. The IMitor has seen onlj^ two cases in 
an experience of over thirty years. 

Carcinoma of the Stomach and Intestinal Tract 

The rarity of malignant growths in the alimentary tract in native 
races has been the subject of much speculation. De Langen has laid 
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special stress on the fact that gastric carcinoma is noticeably absent 
among the Javanese?. The same is true in India and, as far as can be 
ascertained, in Central Africa. It may be that the comparatively short 
life-span of the native, in contrast to that of the European, may account 
for this difference. 

Trim ARY Liver-Cell Carcinoma 

Jdiis condition, which is extremely rare in Europeans, appears 
neverth(‘l(‘ss to he common, esp(‘cially in the East Indies and West and 
East Africa, whilst si‘Condary carcinomatous d«‘posits 'which an* such 
a l‘requ(*nt sequ(‘l of abdominal neoplasms in temperate countries are, 
])rol)ably for th(‘ reasons already stated, rarely met with. The rarity 
of carcinoma of tie* large intestine and rectum has frequently been 
r(‘marla‘d upon. 

Cirrhosis of the Liver 

All writers in tropical pathology have laid stress on the frequency 
of liver cirrhosis vith ascites among native races, where the influence 
of alcohol can be discounted. Some of tliese cases are due, as the 
International Ccunmission for Geographical Pathology has jiointed out, 
to syphilitic disease of tlu' livc'r. I'jxcluding cast's which belong to 
that form of cirrhosis caustal l)y para.sitic iiPection, we are left with a 
rt'sidue of unknown letiology which resemble tla* cirrhosis of Lieimec. 
It has by no means yet been settled wdiether and to what extent malaria 
may be a factor in this process. Oudendal and other Dutch observers 
lielieve that the condition arises from chronic intoxication in a liver 
de})rived of glycogc'ii by undernourishment and starvation. The 
clinical picture does not differ from that seen in Europe. iMegaw 
connects hepatic cirrhosis in India with chronic bacillary dysentery, 
and it possibly is dm* to chronic absorption of toxins from tin? large 
intestine Uee p. oOb). 

1)ISEASES OF THE G ALL-BlADDER 

J'b(* rarity of cliolecifsiUis in native races is a striking fact. As the 
Editor lias pointed out, there appears to be no direct connection between 
intestinal dysenteric infection and intlainmation of the gall-bladder, 
nor is there any ])redisposition to cholelithiasis. l)e Langen and 
Lichtenstein report that among 150,000 out-patients in Batavia they 
were only able to make a diagnosis of gall-stones once, and among 
422,943 patients thirty times. Intrahepatic cholesterin stones, however, 
appear to be not infre^quent. 

Diseaseh of the Blood 

Chlorosis, which has practically disappeared from medical practice 
in Europe, is probably akin to the hyjtochroinic viicrocijtic dietetic 
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anceniias of tho tropics wliich are such a frequejit acconipaniinent of 
subnutrition {see p. 80). This condition is seen espeially in young 
native girls in the first year after the onset of katainenia. The anaemia 
lends a peculiar dull green colour to the countenance whicli is masked 
by the pigmentation of the skin. Lymphatic leukaemia and spleno- 
medullary leucocythaemia appear to be met with as freqmaitly as in 
Europe. The subject of sickle-cell and macrocytic anaemias is dealt 
with on p. 88. 

The position of pernicious {Addisonian) ancemia is by no means so 
well defined. It is very difficult to get to the truth of the matter, but 
the anaemia is so akin to (liat of sprue that the two are very difficult to 
differentiate. The Editor has records of only thn^e genuine cases 
(without sprue symptoms) in Indian patients. I)e Langen and 
Jjichtenstein assert that they have never seen it in the course of their 
extensive experience in Java. In Ceylon it is given as occurring in 
0*3 per 100,000 of the population, and it also appc^ars to be rare in 
Japan. It is said that in Central Africa no cases are met with in 
negro races, though I’anganyika appears to be the exception. It must 
be confessed that it is very difficult to make a diagnosis of genuine 
pernicious anaemia in natives who are also infected with intestinal 
parasites. 

Diseases of the Heart and Blood-vessels 

As rheuniaiic Jever is a rare dis(*ase in the tropics, rheumatic affi'ctions 
L)f the valves of the heart are correspondingly rare, so that valvular 
heart disease is usually syphilitic in origin. Mitral murmurs im) 
seldom heard, and presystolic murmurs are rarer still. The Editor 
has noted mitral stenosis only once, and mitral regurgitation three 
times among Indians — lascars in London. 

Williams (1988) in Uganda found that syphilis accounted for 58 
out ol‘ 94 cases of heart disease^ and is five times as frequent as any other 
condition ; aortic syphilis (aortic regurgitation) was found in 80 out 
of 894 post-mortem (‘xarninations. I’he average age of onset of 
symptoms in syphilitic heart disease in natives is forty-one years, i.e., 
considerably earlier in life than in Jlluropeans. Macfie and Ingram 
(1920) found cardiac aneurysm very frequent on the Gold Coast. 

This is clearly a subject upon which much more precise information 
is required. W. T. James has never seen a case in twenty-four years’ 
practice in Banama, and J. T. Clarke in a series of 150,000 patients in 
Malaya had the same experience. That rheumatic infection does 
occasionally occur even in Central Africa has been shown by Chesterman, 
who has seen typical rheumatic hearts at autopsy on the Congo. The 
myocardium is frequently affected in anaemic states. Sclerosis of the 
coronary vessels appears in normal frequency with advancing age, as 
in Europeans, but it is a curious fact that the clinical syndrome of 
angina pectoris is usually absent. It was formerly believed that 
arterio-sclerosis was peculiar to the educated I'hiropean classes, but 
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this does not by any means appear to be the case. Researcdjes of 
recent years indicate that whenever the age of the subjects is talvon 
into consideration there is practically no difference to be observ(*d in 
respect of vascular changes, which are at least as common in warmer 
countries as in the colder. Malignant hypertension (hyper])i(*sia) 
appears to be practically absent in poorer natives living on a carbo- 
hydrate dietary, though in those who have ado{)ted European habits 
it is as frequent as it is elsew'bere. It should be observed in this 
connection that the nonnal blood-pressure in natives in the tropics is 
per 10“15 mm. of mercury low'er than the accepted normal in Euroja*. 
In those suffering from subnutrition, it is lower still. 


Diseases of the Kidney and Genito-ukinahy Teact 

Vesical and renal calculi are amongst the most common conditions 
encountered in Ihe tropics, the former being the more frequent, 
(‘Sjiecially among boys and young men. Little is known as to thdr 
exact causation. By some the explanation is thought to lie in the 
high concentration of the urine, hy oth(‘rs in an unbalanced dietary 
with consequent lack of vitamin A. Urinary calculi are specially 
common in south China. In those places (Africa), where urinary 
bilharziasis is common, the eggs of Bilharzia hamatobia frequently 
form the nucleus of calculi. 

Acuie 7ie])hniis is commonly encountered, and is attributed to 
intoxication. De Langtai remarks upon its frequency, especially in 
conjunction with scabic^s and with sujieraddtal septic infections. The 
clinical picture of contracted kidney with accompanying cardiac hyper- 
trophy and hyperpiesia is randy seen in indigenous natives, but in 
those who have adopted European habits, and in Chinese and Euro])eans 
in the tropics, it appears to be as common as elsewhere. The rarity of 
granular kidney is possibly correlated to the simpler diet and its low 
protein content. 

The clinical picture of nephrosis (F. von l\Iuller) is frequently seen. 
It is characterized by extensive and widespread cedema, and a high, 
but usually variable, albuminuria. There is a low total protein in the 
blood, and an inverted albumin-globulin ratio with an increased 
cholesterimemia. The urea and residual nitrogen are unchanged, 
whilst the blood-pressure remains normal without effect upon the 
heart. Nephrosis has often a syphilitic basis, and may be seen together 
with quartan and suhtertian malaria (see p. 76). When all the causes 
are considered, there still remains a considerable proportion of cases 
without ascertainable a^tiological basis, though many are found in 
association with ancylostomiasis. 

Gonorrhoea, with its accompaniments, is one of the most common 
and widespread infections throughout the tropics. No one can estimate 
the extent of its prevalence or the disability that it causes. Not only 
is it responsible for joint and eye affections, but also for much serious 
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disease of the feniale genitalia. Blacklock, for instance, in a thorough 
medical survey of Sierra Leone in 1930, estimates that 50 per cent, 
of males over fourteen have active signs and symptoms of this infection. 

Diabetes and Glycosukia 

It has long been believed that true diabetes [diabetes vieUilus) is 
very common in all parts of the tropics. This opinion is based mainly 
upon the large proportion of carbohydrates consumed. The fact is 
that the discovery of sugar (or substances which reduce Fehling’s and 
Benedict’s reagents) in the tropics amongst the Europeans and better- 
class natives is comparatively commonly made, but seldom in natives 
of the poorer class. De Langen, for instance, states that the inciddice 
of diabetes in the Javanese is about 1 in 11,000, i.e., less than 0*01 
per cent. 

In British India the same appears to be the rule, and diabetes is 
found among the richer people. It lias been pointed out that its 
comparative rarity in poorer natives is possibly to be ascrib(>d to their 
shorter expectation of life. Diabetes usually develops in ])atients of 
riper years — those over fifty years of age — and this age factor may 
play a considerable part in statistical records. The relations}) ip 
between obesity and diabetes is probably also important. Obesity 
is seldom seen in the average native, hut among the rich, who can 
indulge more freely in tlie pleasures of the tabk^, a relativc'ly higher 
incidence of diabetes is observed. 

Jhe large numbt.T of cases of henig7i glifrosuria to be met witli in 
the tropics is remarkable, and these include the condition known as 
“ renal diabetes.” In this condition tlie blood-sugar content should 
not rise above normal. Jkitients with benign glycosuria feel perfectly 
well and show none of the usual symptoms of diabetes. The outlook 
in renal diabet('s is favourabh* and in no way intiuences the (‘xix'ctation 
of life. 

General Diseases 

Gout.— It has always been held that a close connection (exists 
between gout, obesity and ove^reating. It is also agreed that during 
the last half-century the incidence of this disease has almost every when', 
decreased. It is always assumed that gout is very rare, or indeed 
non-existent, among trojiical natives. C(?rtainly it is seldom, if ever, 
observed in primitive jK'oples, and tlien only in those who have adopted 
European habits and customs. The Mahomedans suffer o(‘casionalIy, 
while th(‘ Hindoos are said to escape entirely. In Manson’s time gout 
was an extremely rare disease in China, and in his diary he recorded 
one instance of concretions in a Chinaman as an event of great im- 
portance. De Langen states that it has occasionally been observcid 
in Java and the East Indies, but records of its occurrence in British 
India and in Central Africa are quite exceptional. Gout is said to be 
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unknown in Egypt and in all the countries along the northern shores 
of Africa. 

Arthritis. — Artliritis, which term is used to include the infective 
and rheumatoid forjns, occurs in native races, but to nothing like the 
same extent as in l^airopeans in temperate climates. Exact figures 
are very difficult to procure, as it is necessarily extremely difficult 
to exclude; arthritis of gonorrhceal origin, which is almost universal. 
The available information lias be{;n includeHl by McKinley in a table 
which ])ur])('rts to give the relative figures of incidence in various 
Irojiical and subtropical countries. It is a matter for question whether 
tile figure's can be ce)nsielere*el really reliable. In Ceylon, for instance, 
the numbe*r reqiejrted annually is given as 4,0*29, and the figure of 2,3*28 
for the; whole; of India can hardly be conside*reel accurate*. 

Acute articular rheumatism. — This condition apparently exists 
all ove'r the* weirlel, but it e)ccurs very infre*e]uently in native race*s, 
especially where tlie^ climate is he)t anel dry ; ce)nse;e[iumtly the incide;nce 
e)f rhe'umatic valvular dise*ase e)f the heart is ceirre'sponelingly rare*. 
There are* those who state that the*y liave ne'VeT se'e'ii rheumatic fever 
e)r enelocarditis in a. lifedemg expe‘riene;e in India, ^lalaya, south China 
and Ce'iitral Africa. Thus, ^laedviimon state's that choreui is never 
seen in Hast Afrieain chilelreui. We have the evidence; of Chesterman, 
however, that it does occasionally occur. Although acute rheumatism 
has been noteMl with normal frequency in European resielents it is 
elitficult to obtain me)re accurate information than the meagre data 
available*. 


Diskasks of the IIesiuuatouy System 

Tuberculosis.— It has gradually bee*n re‘ce)gnized that the* extent 
e)f tube*rcule)sis in the tropics is much greater than was formerly thought 
])ossible‘. The rapidity of its spread and the malignancy of the course of 
pulmonary tube;rculosis whem first introduct*d into the Pacific Islands, 
hav e; been fully realized, and are well described by liobert Louis Steven- 
son in the case of the Marquesaiis. Similar disasters have occurred in 
Samoa, Tonga and other Pacific Islands. In India, Rogers (1919) found 
that no l(;ss than 9 j)er cent, of deaths are due to tuberculosis, and Megaw 
estimatt's that, in the whole of that country, two million people are 
suffering from it. Scott has drawn attention to the pathological 
peculiarities of tuberculosis in southern China. It has proved to be 
the main cause of death in Jamaica, the Gold Coast, the Philippines, 
on the Congo, and in Tanganyika, where it has been studied by 
Wileocks. 

For the rapid spread of the disease, its virulent nature, and the 
poor resistance offered by primitive peoples, several factors are 
r(;sponsible. Usually cases do not come for medical treatment till 
they are in an advanced stage. The sputum is loaded with bacilli 
and, living as they do in primitive huts or houses crowded together, 
infected natives are a constant source of danger to their fellows. 
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Spitting is a universal habit, and the iinderimtrition and coexisting 
malarial and parasitic infections render them all the more susceptibk^ 

I’he most important factor in the epidemiology of tropical tuber- 
culosis is contact. The natives are able to resist a first infection but, 
once the disease has become established, their resistance is low. Scott 
has shown that during the last ten years there has been an enormous 
increase in prevalence ; in some cases, as in Nigeria and British Guiana, 
it has been five- and six-fold. 

Unfortunately, tuberculosis is a disease which spreads with 
civilization, e.g., it was unknown many years ago in the Cameroons 
and in the southern Sudan. In Hong Kong, Scott, in an average of 
4,000 autopsies a year, found marked tuberculosis in 5 per cent., and 
of these, three-fourths were of children under ten years of age. Causes 
of tuberculosis among natives may be divided into two types, viz., 
“ 7iaiural ” tuberculosis, characteristic of those not immunized in any 
way against the disease, as in laboratory animals ; and “ modified ” 
tuberculosis, a more chronic condition, so called because it is modified 
by primary infection. 

It appears to lie generall}’’ agreed that luemoptysis is not a prominent 
sign of tuberculosis in native children, though extraordinarily frecpient 
in adults. Scott has asserted that however extensive the disease, 
however large the cavity, he has not seen a case among children where 
death resulted from hiemorrhage. Spontaneous pneumothorax is 
noted, but amyloid disease in chronic cases is very rare. Bovine 
tuberculosis, though it occurs, does not appear to be common. 

Pneumonia. — Pneumonia maintains its reputation as “ captain of 
the men of death ” in the tropics, especially in those countri(\s with 
a persisting high humid atmosphere, and it appears that, almost 
everywhere, it has one of the highest mortality figures. I^pidemics 
are specially liable to occur where native labourers are gathered together 
in compounds and in mining camps. The cause of the disc'ase is more 
usually a pneumococcal septicaDmia, with little localization in the lungs. 
The clinical picture — rapid onset, extreme prostration and abstmce of 
the sthenic signs and symptoms which characterize the diseases in 
Europeans, and the absence of a termination by crisis — differs very 
considerably from that seen in tempe^rate zones. All these factors 
impart a varying clinical picture and confound the newly-arrived 
doctor on his first contact with medicine in the tropics. The story 
of pneumonia and its ravages in the Band J\Iines and in the copper 
belt of Northern Ehodesia is familiar to students of this subject. It 
can now be stated that it is in the treatment of pneumonia in tropical 
natives that sulphanilamide, especially in the form of M & B 693, 
appears to be having its greatest triumphs. 

Zymotic Diseases 

Scarlet fever (scarlatina). — All observers are agreed that 
scarlet fever is never seen in the tropics, or is very rare. De Langen 
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assorlR Uiat, in ilio Dutch East Indies, such cases as have been 
trntativ(*ly diagnosed (‘ventually ])rove to be sonieihing else. Eischer 
and otluTS who liavi' looked for it amongst the Negroes of Central 
Africa have never found it. Possibly the disease may exist in such a 
mild state as to be unrecognizable, and the rash may be invisible on 
a dark skin. 

Application of tlu^ “ Dick ” test to a selected number of tribes in 
^ranganyika showed a certain })ercentage of })ositive reactions, but equal 
only to about one-third of tlie figure usually observed in Europeans, 
and the fiov cases rej)orted from Central Africa have all indeed been 
among European n'sidtaits. Botticher (1934) has compiled a review 
on this subje(*t ; in South America and the West Indies, on the other 
hand, the disease* occurs in s])oradic outbreaks. In India, too, it is 
known, though rare ; it is of a mild type and is specially liable to 
attack small childreai. A(*cording to Me^gaw and das Gupta, from 1923 
to 192(1 scarlet fevt*r was re})ori.ed from 212 districts, but of these cases 
n(‘arly all Avere Euro])ean residents. Scarlet fever is common in 
north China, though it does not occur in the south. Zoller (1925) 
found that the Dick test gave uniformly negative results. 

Measles. — ^leasles is widespread throughout all tropical countries 
and runs the* same course* as (dsewhere, and the malignaiit type is not 
uncommon. Where no iniierent immunity towards the virus existed, 
as in tlie case of the* Pacific Islands (especially Fiji and Kotumah), a 
measles epidi'inic Jiiay cause* a high iiK^rtality in adults as well as 
cliildre'ii ; thus in 1871 over 2r),()0() Fijians died from the disease. The 
measles rash has to be* distinguished from that of tyi)hus and dengue. 

Diphtheria. l)i})htlu‘ria appears to ])e widespread and occurs in 
(‘])ideniic form, eft(*n \vh(*n least ex}>ected. It is a disease of civilization 
and is evident oidy in towns and centres of population. It therefore 
hgurt's as a feature in the t'pideniiological statistics of most countries, 
with the exception of Afri(‘a. Whereas it is common in the northern 
and southern subtrojiical ])ortions, it is apparently very rare in the 
tro])ical zone, and evt*n at th(‘ ])resent day in East Africa, Uganda, 
Tanganyika and in West Africa s|)oradic cases only are discovered. 

Diskasks of the Central Nervous System 

Syphilitic diseases of the central nervous system, such as tabes and 
gi*neral paresis, are s(‘ldom observed in native races and this observation 
has be(*n made the subject of much comment. 

E])idemic encephalitis leiharyica (Econonu/s disease) has been noted 
in (q)idemics in Sarawak and in Cochin China (Bonnaire). 

Epidemics of ajiterior poUotnijelitis (infantile paralysis) occur in 
most tropical countries, notably in Kenya and Uganda, so that contact 
iid’ections are by no means infrequent in Europeans. 

(lerebrospitial meninyitis occurs often in large epidemics, especially 
in the southern 8udan, wht*re it has been shown that the tlierapeutic 
application of M A 13 693 has achieved remarkable results. 
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Goitre 

Simple parcMcliymafous or colloid goitre is extremely common in 
Egypt, in the Nile Valley, SitTra Leone, in the Caji districts of the 
Erencli Congo, and in the Oiudle and Katanga districts of the ]>elgian 
Congo. It has been reporU'd in the Dutch East Indies, especially in 
the Island of Dali. In India it is most commoji in tlaj Himalayan and 
subhimalayan n^gions and in the parts drained by the great Indian 
rivers (JMcCarrison), as well as in tin* west(Tiy j)rovinccs of China. 
Disorders of secretion resulting in exophthalmic goitn*, myxcedema or 
cretinism are almost unknown. 

It has been remarked that goitre is not found among tla^ Bedouin 
or other desert tribes. In endemic goitre distri(;ts iodine should la? 
given to all girls ladween the ages of eleven and sixtetai and to all 
pregnant woinen. 


]\ 1 A 1 JO N A NT ( 1 K( ) WTJIS 

There is no truth in the oft-quoted popular statement that malignant 
growths are unknown, or are very infrequent, among primitive peoples. 
The truth probably is that age-for-age they ar(‘ as fr(i([uent as incivilizi'd 
communities. The abs(‘nce of accurate vital statistics, agr? n'cords, or 
even registers of births and deaths, make such a comparison at tln' 
prestait moment ditlicult. There are, howe^'er, certain features of 
malignant disease amongst natives which must 1x3 discuss(3d hen*. 

The outstanding facts about malignant growths in the tro])ics may 
be stated categorically as follows : 

(1) The ])re valence of primary liver carcinoma (I ‘2 per cent, of all 

carcinomata, Vint ; see p. 43) ; in IK) per cent, of cases grafted 
upon cirrhosis (Snijders). (Cazanove in Erench West Africa, 
Snijders and Stranb in Sumatra, Strachan in South Africa, 
Smith and Elnies in East Africa, Erench observers in Dakar, 
Sen(3gal.) 

(2) The infrequency of gastric carcinoma. 

(3) The i)re valence of malignant tumours on the sidiiS of th(3 n(*ck. 

(4) The })revalence of skin carcinoma on lt‘gs and feet (grafted on 

chronic ulceration). 

Many observers in recent years, (isjiecially Snijders, Straub and 
do Langen in the Dutch East Indies, Vint in East Africa and Bogc^rs 
in India, have drawn attention to the fact that (*ancer should liot be 
regarded as formerly, as necessarily being the scourge of civilization. 
Nor is it correct to state that tlui number of suffen^rs from tins fell 
disease is increasing at a staggering rate. It was Hoffman, in compiling 
statistics for the United States Brudeiitial Societies, who stated that 
the cancf^r rate was eight times as high amongst the 500 million of the 
civilized races as among the 1,200 million uncivilized, includmg India ; 
but liogers’s statistics, based upon 1,600 post-mortems in Calcutta, 
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critically arniyod, hIiowchI no greater incidence of cancer in England 
than in India. The carcinomata were (equally divided between the 
S(]namous and glandular (‘pithelial forms, but the frequency of 
e|)ith('liomata of th(yja-vvs in Calcutta is commented upon, and the same 
has he('n noi(‘(l by En-nch observers in Dakar, S(‘negal. 

.Malignant tumours, including hcdli connectivt; tissue and ('pitludial 
ly])(‘s, an* about e(pially common in Bengal and in l^higland, with a 
slight exc(*ss in tla* tropical country ; but both innocent and malignant 
coniH'ctive-tissiie tumours an* considerably mor<* common in Bengal 
than in England. Vint has shown that, as far as C(‘ntral Africa is 
concern(*d, there is close* agr(*(*ment hetw(*(*n fjgiin*s for ]nalignant 
disease* in natives he»th iii >sige*ria anel in Ke*nya. The* large* num]>e*r of 
sepiaiije)us-ce‘lle;el e*ane‘e*rs in the latter ce)untry is elue* te) malignant 
changes in e'hroiiic tre)pie*al ule*e*rs e)f the* l(*gs, and to epithe'liomata 
associate ‘el with this conelitiem. 

Care'inoma eel' the* ee‘Sophagus is saiel to he* es])ecially comme)n 
among the* Chinese*. 

A further peculiarity whie*h has rece^ntly cemie* te) light is the* 
relative*ly high j)re)pe)rt ie)n e)f sarcomatous to e*arcinomatous greewths. 
In the* e*xte*nsive‘ serie‘s e)f 5,000 aute)j)si(*s from the Dutch East Indies, 
malignant growths weu'e* founel in 0 pe*r ce'iit., anel the* propeertion e)f 
sarce)niate)us te) e*ane‘e*rous tume)urs was 1 : whe‘re*as in Eurejpe* and 

America it is 1 : 10. 

Sarce)mata e)f the* \e*ry malignant rounel-e*e*lle‘d ty})e* greatly pre- 
dominate*. The* e*linie*al ce)urse e)f malignant growths eliliers, as a rule, 
l)etwe*e*n nativt*s and ]‘hire)pe*ans. d’hre)ugh ignorane*e eer fatalism, 
])atit*nts re*sist t*) the \e*ry e-nel he*fore* asking feer m(*elie*al aiel, and are 
in a hope*less e‘e)n(lit ieeii whe'ji eiise*e)ve‘re‘el. Malignant elise'ase* e)f the* 
l)re*ast is ne)t unceemmon in the* Cast Afrie*an native*, anel ace*e)reling te) 
Vint, in ahiost *J0 jte-r ce*nt. etf cas(*s it is found in male*s. Se'ejueira 
and Vint have* ])ointe*el out tliat malignant me-lanoma, ne‘xt te) sepiamous- 
e*e*lle‘el caiice*!’, is the* coiimione-st form e)f malignant elise'ase in the 
native's of hkist anel ('eiitral Africa, and 0'Ce)nne)r has stated that in 
J>e*ngal nie*lanotic sare*oma is elistinedly ce)mme)ne*r than in Euro])e. 
Most of the tumours are* lound e)n tile foe)t, and the majority are on 
the ]_)lantar surface. Trauma is the nujst probable cause, as beith 
sexe*s walk barefoot, and in a. fe*w instance's “ e*rab yaws ’’ is an antc- 
ceel(*nt. The disease is usually Ie)cally malignant. 

There still remain certain e)the‘r })e*culiaritie*s, conse*quent on local 
habits anel customs. Thus Bpittel, Davidson and Turner have shown 
that cancer ((*pithe*lioma) of the* chi*e*k is the* ce)nmionest malignant 
growth in (k'ylon, and is as fnupie*nt in wome*n as in nu'ii hetwe^en the 
ages of thirty-five and hfty ; here*, no eloubt, it is due to irritation caused 
by betel chewing. In d'ravanceire, seiutli India, it is also common, so 
that out of 1,700 cases collected by Bentall it formed 70 per cent. 

Kangri-burn cancer is mainly found in Kashmir and is encountered 
in the older men. In the Mission Hospital there no less than 84 per 
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cent, of the operafions performed are for this condition, luinpri is 
an earthenware bowl 5-6 in. in diameter, surrounded l)y baskid-worlv 
and surmounted by a wicker handle. It is healed by wood charcoal, 
and is worn against the skin under a loose garment . Th(> growths are 
commonly found on the inner side of the thighs and anterior surface 
of the abdomen, above or below the umbilicus. The h(*at given 
out by tlie kangri is estimated at 150-200'^ P. The growths usually 
commence in the scars of })revious burns. There are tio metastases. 

Burrows, Molesworth, and many otlier obser\Trs in Australia, have 
drawn atteiition to epitheliomata of the face, especially in HcoUMi 
and Irish immigrants, which is said to be due to excessive irradiatioi] 
by ultra-violet rays of the sun. 



Section I. — FEVERS 

Subsection A— FEVERS CAUSED BY BLOOD PROTOZOA 

(’FfAlTKK ril 

MALARIA 

Definition. — The term malaria is a])pli(‘(l <0 c('rtaiii fevers which 
art‘ ])V()(liict‘d hy protozoan pjirasitf's Ixdonging zoologically to the 
class Sporozoii. These parasites iire peculiar to man, who constitutes 
(heir intcTHKHliary host and in wiiose red lilood-corpuscles they live 
and multiply, and may give rise to a jxu'iodic- fever associated witli 
aiuemia. (‘nliirgtauent of the spleen, and the deposit of hla(di ])igment 
in that organ and elsewliere. As a ruh‘ the disease is amenable to 
(juiniiK*, plasmoqiiinr and jitebrin. ^lalaria heads the list of diseases 
in most of th(‘ (Town Colonies and in India ; indeed, Sinton estimates 
that, dirt'ctly or indinn-tly, it is resj)onsiblc for at h^ast two million 
deaths a year in that country and that th(^ economic loss from malaria 
approximates sixty-srvt'ii and a half million })ounds p»*r annum. 

History. Meckel disc^wercHl the eharacteristie malarial pigment in the 
viscera in 1S47. On Novmnber (>, ISSO, at Constantine in Algeria, Laveran 
first saw the malaria jiarasite. Kourteen years later, in 1S94, Mansc^n 
formulated his mosijuito-malaria hy])othesis, basing his argument on facts 
])rc‘viouslv observed in trac;ing the life-history of the filaria. From 
1895 to 1898 Itonald Itoss worked upon this theory, cmnjca'turing that some 
spc'cies of moH(juito removed the malaria parasite from the blood of man, so 
tliat in 1897 he ])roved that in certain dap]»le-winged moscpiitoes {AnoY^ides 
stvphcnsi) growing malaria parasites camtaining pigment were found in the 
stomach wall. F^arly the next year (1898) he demonstrated the whole life- 
cycle of the allical jiarasite of birds {Plasmodium pra’Cox) within the stomach 
of the aj)j)ro])riate moscpiito (Culex), with the production of sporozoites and 
their entry into tlie salivary glands. The infection was (^onveycel from one 
bird to another by the mosquito in the act of biting. Subsequcmtly, Grassi, 
in Rome, demonstrated that the same cycle of development took place in 
the case of human malaria ]>arasites in Anopheles maculipennis. 

Finally, Manson institutc^d two exjKJriments which disposed of any 
remaining doubts as to the validity of the theory by arranging for volunteers 
(J)r. Sambon, Dr. Carmichael Low and Signor Terzi) to live during the thi-ee 
most malarial months of 1900 at Ostia in the Roman Campagna in a mosquito- 
])roof hut ; they remained there free from infection. At the same time 
moscjuitoes which had been fed on tertian malaria patients in Rome were 
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forwarded to London, wliere they were set to bite the late Dr. P. Thurburn 
Manson and Mr. George Warren. Shortly afterwards both snbjiats developed 
charaeteristie malarial fevt'r and malarial parasites were found in their blood. 
Neither of them had ever been abroad or had been otluu wiso ex|)ost‘d to 
malarial influenees. 


Geographical distribution.— An udecjnale (*()inj)reli(‘ijsi()ij of 
file distribution of nialari.a entails a knowledge of tli(‘ four diffenait 
parasiles wliieh cause this disease* and the associated fevers. Tlje 
])arasiU‘S of malaria are known as tlie boi'Kjn ierfidn, ovule iertioih 
quortmi, and suhtcrlian. 

Beniijn tcrlian ?//u/ur7u.— Tiie j)arasite wliich caus(*s tliis fe\er 
lias a distribution that extends far beyond tin* tropics and su])tropics, 
alijiough at tlie prestait day it is found most al)undantly in warm 
countries. Its most northerly range is GO N., for indigenous malaria 
has l)(*eii recorded from Lake Ladoga in liiissia and from Southern 
Sweden. It is known that in recent historical tinu'S se\ e})id(*mics 
have occurred in Dtannark and Nortli(*rn Lermany, while under tla' 
name of agiu' or “ marsh ” fever it occurn'd until recently to a ^'ery 
limited extent in Southern khigland. Tliis malaria is still prevalent in 
a mild form in Holland and in the lllmden district of (lermany in 
Friesland, where the carrii'r is Afwj>lieles fnaculij)e}niis, var. ulroparvKs. 
In America it is prevalent in tlie valley of tin; Sacranieiitv) at dO"" N. 

The southern g(‘ographicaI extension is more limited. It occurs, 
though rarely, in Southern Queensland at *20’ S., and in Natal at 
GO S. In Soutli America it extends down to 40 S., tliat is, to tht* 
southern limits of Argentina. 

As regards altitude, this form of malaria has siddom liei*!! recorded, 
as an indigenous infection, above G,000 h'Ct. In the tropics 
themselves it is widespread, hut there are certain malaria-free islands 
which are of gn*at epidemiological intere‘St. Tiiesi^ are Barbados ^ 
in the Atlantic, Tahiti, Ilavvaii, Fiji, Samoa, and other Pacilic islands 
wiiicli are situated at some considerable distance from the mainland, 
and wlu*re it is known that the anoplieh*s mosciuito does not occur ; 
there an^, of course, oth(*r groups, such as the Solomons and New 
Hebrides, situated in close ])roximity, where this mos(]uito abounds, 
and malaria is rihe Until comparatively recently, Mauritius and 
Keunion in the Indian Ocean were also malaria-free, but they are 
now fever-ridden owing to the introduction of anopheles from ]\rada- 
gascar. As a rule, infections of benign tertian malaria, in warm 
countries where seasonal variations of temperature occur, take place* 
in the early spring or summer, due probably, as Wenyon has pointed 
out, to the fact that the gametocytes of this parasite can lie* 
latent in the blood of infected persons during the winter months, 

* Unfortunately malaria broke out in this inland in the autumn of 1927 through the intro- 
duction of Anopheles albimanus which noon became cHtablished in suitable pools, but has 
now been extirpated. 
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and also tliat the sporozoites of the malarial infection can survive 
in infected hibernating anopheles mosquitoes. 

Ovale tertian malaria . — Since 1922 it has been suspected that a 
new variety of the malaria parasite was responsible for a pro- 
portion of mild forms of “ t(‘rtian fever.” The parasite of this fever 
was id(aitili(‘d by Stephens as Plamnodiu)}i ovale {see page 881). 
Th(‘ fev(*r produced by this parasitic usually runs a particularly mild 
course', has a tertian ])eriodicity, and has so far bec'ii re})orted from 
Sierra L(‘one, the (lold- Coast, I la* Congo, Nigeria and Uganda, and 
r<‘C(*n<lv oia* autla'niic ease* has h(‘(‘n found in tiastern liussia. It is 
liahl(* to be confused with (juartan malaria. 

Quartan malaria . — As compared with the benign and subtertian 
forms of malaria, (juartan is rare. Tiie infection, how(‘ver, can j)ersist 
jiiuch longer than can tla? otlcT forms— according to ^liihh'iis, as buig 
as nin('t(*en y(*ars. Until rec(*ntly, it a,])pears to hav(^ been comnamer 
in iem])erale latitudes tlian in the tro])ics. It has been noted in 
Central I'airope, but in the tropics th(‘niseh'(‘S it is quit(‘ unknown in 
SOUK? highly jualarious ])laces, and it lias a peculiar patcJjy distril)ution 
in the Me(literran(*an ar(*a, in j\lacedonia, Uak'stine, Iraq, southern 
India, and the Andaman Islands, and is the dominant form in certain 
districts of Ceylon and tla* Malay States. It occurs in New UuiiK'a 
and adjaci'iit islands. In Africa, it is found sparingly in the central 
tro])ical ln'lt from Kenya Colony to Sierra Leone. In tlie New World 
it is relativ('ly r;tr(‘ in the W(‘st India Islands, though common in 
Antigua. It is found in Uanama and IJrazil. 

The g(‘neral statena'iit that quartan ft'\'('r is more a dis(‘ase of 
the subtroi)ics tlian of the true tropics, but that in botli it has 
a very limited topogra])liical distribution, })rol)ably expn^sses the truth. 

In Macedonia and in the regions south-west of the Caspian, the 
maximum incidence of quartan malaria occurs during the months 
duly to Sc'pteniber ; but it was noted during the Great MMr that 
th(( infection remaiiu'd almost taitirely confined to the children of the 
native villag(‘s and did not spread to the troops, who were quartered 
in the vicinity for ov(‘r three years. This is a feature of the (Quartan 
parasite which recpiiri'S further investigation. 

Subtertian malaria is coniined to the warmer regions of the earth, 
and to the more intc'iisely malarial districts in these ; hence the name 
” tro])ical ” which has becai applied to this type of infection. Its 
limits corn'spond to a mean summer isotherm of 70° ¥., and a mean 
winter isotlierm of 48° F. In Europe it is therefore rare, except in 
such highly malarious centres as Salonika and the Danube marshes ; 
but in the tropics, wherever fever is popularly regarded as being 
peculiarly virukait, the subtertian parasit(* is common. Like the 
(piartan parasite, it has a patchy distribution, especially in hot, dry, 
(ies(^rt countries with a limited water supply. In the oases of Northern 
Africa it is the commonest form. The same may be said of West 
Africa, Asia Minor, and in fact the greater part of the tropics. About 
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the year 1920, siibtertian malaria was imported into Central Eussia 
by refugees from Turbestan, and spread as far norlh as ]\loscow, wIkto 
fresh cases occurred even in the winter season. 

In Cairo, Biggani lias sliown that iiuiiktouh eases of suhtertian malaria 
of a partieiilarly malignant ty]H‘ were due to indiseriminate iotra vimious 
mjcctions of heroin among drug addicts. This, of course, was brought about 
by the use of unsterilized hypodermic syringes, in wliich a little blood is 
usually sucked up prior to the inoculation to ensure that the luvdle has 
entered the vein. This inti'n'sting devehipment has l)(‘en confirnK'd by 
Appelbaum and (lelfand in New York (19!^4), where thi'y found 39 drug 
addicts, admitted to the Bellevue Hospital, sufficing from malaria. Tlie 
drug — diacetyl morphine — liad been adminisU*red by the intraviuious route. 
In ten cases specially studied the parasite was (juartan in three ; in tla* 
remaining S(wen it was subtc*rtian. Boyd and 8chlack?nan find that th(‘ 
mortality rate among th(‘se drug addicts is much liighi'r tha-n thc' ordinai v' 
rate. The condition may resemble diabetic coma, insulin shock or vaiious 
n e u rol ogica 1 cond i tion s . 

In the subtropical zoru^s it occurs as a primary infection in lair 
suinuK'r or early autumn : laaice the synonym (vshro-auiunnuil ferrr. 
This ])eculiarity, as n'gards seasonal and geograpliical (listril)ution, 
may be explained by the fact that, for its develo})ment in th(^ mos- 
quito, the subtertian parasite requires a higher atmospheric tempera- 
ture than suffices for the quartan and tertian parasites. Tleiica', 
although the benign and the suhtertian ])arasit-es are gma'rally found 
associated together, and the latter can be acipiired at any tiuK! in tla* 
trojiics, it is only in the summer or autumn that it can he accfuired 
in the subtropics and more temperate zones. Jt has hiuai provt'd that 
if the atmosphc'ric tem])erature falls below 15"^ C., tlie devdopment of 
the oocyst in the mosquito is arrested. On the other hand, wlaai onc(' 
the sporozoites have entered the salivary glands of a,no])hel('s, they arc; 
capable of infecting man with tluj parasite; even during the; wint(*r 
season. 

Epidemiology and endemiology of malaria. — In consider- 
ing the epidemiology of malaria, two tilings must be candidly dis- 
tinguished : The circumstances leading to th(‘ invasion of the* human 
body by the malaria parasite; and the circumstances favouring the 
clinical manifestation of such invasion. 

(1) Circumstances leading to the invasion of the human hodg hg 
the malaria parasite. — Whatever favours the prescsice and increase 
of the malaria-bearing species of mosquito tends to the increase of 
malaria, and vice versa ; whatever favours the acc(;ss of these inseids, 
and the parasites which have passed into tliem, to the human body 
favours the acquisition of malaria. 

The modern conception of the spread of malaria is intimately 
related to the susceptibility of the human host. It is again the old 
problem of the seed and the soil. It has been abundantly shown 
that when the health is unimpaired, there is increased resistance to 
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inaliirial infection, ])ijt when the constitution has been undermined 
by over-exertion and under-nourishment, and the physical resistance 
Ijas been diminished by co-existin" disease, such as tuberculosis, 
dysentery, Miid ancylostomiasis, then the infection is apt to spread 
more rapidly and to assume particularly virulent and intractable 
forms. 

The stri}) of flat, waterlogp^ed country lying along the foot of 
mountain ranges, the deltas of large rivers, the pool-dotted beds of 
dried-up str(*ams, an^as of country which have fallen out of cultiva- 
tion, recently deforested lands, are, in many instances, notoriously 
malarial. Well-drained uplands and carefully cultivated districts 
are, as a rule, healthy. There are, nevertheless, instanc(?s of elevated, 
arid, and sandy plains which, under certain hydraulic conditions, 
are intens(*ly malarial. Towns, as a rule, are much less malarial 
than villages or the open country. 


Theses (drcumstaiices evidently have nTcTcaiee to llie (listril)ution of speeies 
of anopheles moscjuitoes. lake other in.seets, inosquitcK's oeeasionally, under 
specially favoural>le conditions, increa.se enorinously in numbers and spread 
out in (uauv din^ction. New speci(‘s, whieh may belong to the malaria- 
bearing kinds, may b(‘ introduced into places when? they formerly did not 
('xist. ddms it is l)elieved that a nK)S(|uito capable of subserving the malaria 
parasite was introduced in this way in the early sixties into Mauritius, an 
island whose fauna and flora had been hitherto very ]H;culiar and s[>ecial, 
and the same thing a]ipears to have happened in Barbados since 1927. 

Wenyon ex])lains the seasonal variations of the two dominant forms of 
malaria as observed in Macedonia and Pale.stine by the fact that the benign 
tertian type f)f infection tends to rela]>sc over a long jK'riod and is more 
resistant to (juinine, while in the subtertian, though the individual atUick 
may be moo? severe, the (*ases are more amenable to treatment and there is 
little tendency for the infections to jx^rsist from one season to the next. 
At the height of th(‘ malaria s(‘ason the numbers of benign and subtertian 
cases may be approximattdv equal, but the latter develo])s much more rapidly 
into a lu'avy infection and ])roduces in a shorter time a greater number of 
gametocytes. Thus subtertian malaria tends to spread in epidemic form 
V it h greater rapidity, whicli is characteristic of these autumn epidemics, at 
a time when conditions are favourable. There is no evidence that an} 
particular sjHanes of anoj>heline mosquito is especially associaU'd with one 
type of malaria. 

Sayers has ])ointed out a fact, which has also been observed elsewhei'e, 
especially by Wenyon in Salonika, that in the Western Solomon Islands the 
commonest type of malaria jiarasite in children between two and ten years 
of age is the quartan, and after that age it is seldom met with. The incidence 
of l)enign tertian malaria is highest in children under one year of age, whilst, 
in the Solomons, at any rate, the malaria of adults is practically all subtertian. 

According to Bngstcr Wilson malaria causes comparatively little 
illiH'ss among the Bantus in Tanganyika, though this is an area of high 
(‘ndemicity and all babies are infected with malaria (P. falcipariun) 
before they are live months old. The immunity which can be acquired 
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in respect of this parasite is less than in the case of other species, 
especially P. ovale. 

One of the most iini)ortant conditions necessary to the sporogonic 
phase (p. 60) of the malaria parasite is a sustained average temperature 
of at least 60° F., and a liumidity of at least 63 per cent. (Gill). The 
malaria parasite will not develop in tlie mosquito at low temperatures, 
])ut, wdien once infected, tlie anopheles is capable of conveying the 
disease at very low temperatures indeed. Altitude 'per sc has, apparently, 
no intiuence on malaria. It is the decrease in temperature usually 
implied by an increase in altitude that is the real determining 
circumstance in bringing about a diminution ii] th(' })revalenco of 
malaria in uplands. 

It is doubtful vvtu'ther the malarial mosquito can l)e transported very 
far from its native pool. Generally speaking, some thousand or tifteen 
hiindix'd yards of water between a ship and a malarious eoast may sutliee to 
secure immunity to the er(‘^^^ Climate definiUdy limits the s])r(‘ad of malaria, 
dlie diffusion of malaria by wind plays a minor part. Kligler, in Palestine, 
finds that the flight of anopheles can be classified in thrc'c grach's — direct 
flight about 1 '> miles ; range of dispcTsion during the bretaling season 3^ kilo- 
metres ; but during the hibernation flight it may be as much as S kilometres. 
The intervention of a belt of trees between a malarial swamp and a village 
is said to protec't from malaria the houses on the leeward side of tla^ trees. 
The trees may filter out the moscjuitoes by affording them ])roteetion from 
winds. Open windows and doors, by giving access to mos(|uito(‘s, are source's 
of danger in malarious countries ; for this and similar reasons, sleeping on 
the ground, on the ground floor, or unprot<*eh'd by a mosquito-eurtjiin, is 
dangerous. 

Based evidently on the t)bserved habits of the mosejuito, there is a belie f 
that the times just before sunrise and just after sunsed, and the night, are 
most elangerous as re'garels liability to eontraeT the infection. Althougli 
nK)squit()es are most active during twilight and night, they bite readily enough 
eluring the daytime in shaely anel windless places, as in thick jungle or in a 
dark room. A very few species are diurnal in habit. (Tdate II.) 

(2) Circumstances favouring the clinical 7nanifcstaiion of 7nalarial 
invasion , — As a rule, a successful malarial infection declares itself 
within a week or ten days. As with other infections, certain in- 
dividuals resist the pathogenic influences of tlie malaria parasite; 
for a longer period. A very few appear to be permanently immune. 
Everything tending to cause physiological depression favours 
susceptibility and acute manifestations. 

A malarial subject, while in the mild climate of the tropics, may 
keep in fair health ; but when he is plunged into the stormy winter 
of the north, is exposed to cold, and has long watches and fatiguing 
work, latent malaria will very probably become active and ague follow. 

An introduction to the study of mosquitoes will be found on 
pp. 980-989. 
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Aj^tiology : General Description of the Parasites that 
CAUSE Malaria 

The four species of [)arasites causing malaria in man difTer from 
each otluT in minor jxants and in their morphology, hut the general 
cours(i of the life-history is the same for all. As regards man, they 
oxhihit two distinct phases — an intracorporeal and an extracorporeal 
phase. Each species of parasite has its special intracorporeal life- 
cycle, which may last approximately from forty-eight to seventy-two 
hours, according to the speci(‘s. 

On examining fresh malarial blood an hour or two before the 
occurrence of a paroxysm, the parasite is recognized as a i)ale disc 
occupying an area within the red blood-corpuscle (Eig. 3, a), while 
scattcTed throughout the protoplasm are a number of intensely black, 
or reddish-black particles, which are now known to he excrernentilious 
Miiit<‘riai called h(vn\()Zoin. As th(‘ parasite matures the luemozoin 
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Fig. 3. — Evolution of the tertian parasite, unstained (so> text). 


colk^cts into central blocks, round which the proto])lasm of the parasite 
arranges itself in s(‘gm('iits. ^Vhen this cycle is completed the 
including corpuscle breaks down and liberates the spherules or spores, 
none of which contains hamiozoin. A proportion of the spores, 
escaping phagocytosis, attach themselves to other red blood-corpuscles, 
which they contrive to enter. In the interior of these newly infected 
cor])uscles the young ])arasites grow at the expense of the haanoglobin, 
and exhibit active amnelxud movement. Ity appropriate staining 
the free s[)herules are found to consist of a nucleolus, which is seen to 
be surrounded by a lightly-tinted covt‘ring of protoplasm. As the 
parasite grows and approaches maturity, tlR‘ nucleolus eidarges, 
l)ecomes less deiincHl, and then disperses ; finally, just liefore sporulation 
both nuckuis and nucleolus cease to be distinguishable (Fig. 4, «, j). 

At this stage these elements become fragmented and dilYused 
throughout the protoplasm. Later, the nuclear elements reappear 
as numerous minute, scattered nucleoli ; and it is around these that 
the protoplasm of tiie segmenting parasite arranges its(‘If to form 
the spherules (Fig. 4, b, c). The vesicular character of tiie nucleus 
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tlrx’S not usually appear in the spherules until after these have bc^eona^ 
frt'o ill the li(pior sanguinis (hig. 4, d). 

The Ineinozoin particles, cliaracteristic of the malaria parasiie, 
occur as black or wry dark-red dust-like specks, coarse grains, or 
short rods, eithc'r isolated or aggregated into larg(‘r or smaller, mon' 
or less dense clum})S. Until the concentration of haano/.oin which 
precedes the formation of spluTules takes place, the particles are 
scattered. Apparently, so long as th(i nucleus remains entire tla^ 
hauriozoin is peripheral : when segmentation occurs in tlu' nucleus 
the haanozoin becomes central. 

Extracorporeal or mosquito cycle. The four sjiecies of 
malaria parasite; undergo a similar cycle of devedopnieiit in the; body 
of the mosepiito (see Aj)pe‘ndix, p. 886), but only in mosquitoes of the* 
genus Ano})h(d8S.^ 

WIk'u fresh malarial blood is examim'd in a wed preqiaraiiou sborlly 
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Fiii:. 4. Evolution of the tertian parasite, stained (wr text). 

after it has beeai drawn, what is knenen as tlie' “ flagedlateei boely 
njay i)e obse-rved. dlie fiagedJated body- is deauveul from tlie S('xual 
cells or gafnctocytes ; coiDposcd of colourless protopiasjij and lueinozoin 
gramiie^s, it tie )a Is fre^ely in the li(]Ue)r sanguinis. The' iiagidla (or more' 
correctly inicrogametes) number from one to six, or more', ddiey are 
eextremiely dedicate tilaments which move about rapidly, and (‘veay now 
and agaijj breaik away from the; pareait body and swam about with 
vibratile moveane'nts. These bodi<;s are newer seen in the fresh ble)od, 
but fjnly when it has been reujioved from the body and has bece)me 
chilled in the process. The gainetocytes of the fe)ur forms of malaria, 
parasite differ in shape (Figs. 5, 6). fn the benign te^rtian, ovale 
tertian and quartan they are round, wdule in the subtentian they are 
crescentic. (For further development in Anopheles, see p. 880.) 

‘K. B. Williamson f 11)117) has claimed tliat dcvclopmeiii of beni^in, siibtertian and quartan 
malaria up to the sporocyst stage can take; j)lacc in Cultx bitceniorhynchus in Malaya, but 
thes(‘ observations require further coidirmation. 

- I'he expressions “ flagellated body ’’ and “ flagellum,” applied to tJiis phfuse of the malaria 
panisite, though graphic enough, are somewhat misleading. The flagella of the malaria 
parasite are in no sense analogous to the flagella of the flagcllata ; they really functi(ui as 
spermatozoa. The proper zoological terms for this and the other phases of the malaria 
panisites are given at p. 887. 
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Possibility of a latent phase of the malaria parasite in the 
human body. -It is a woll-(^Ktablishe(l fact that when the fever Hubsidcs 
th(^ ])ara.sik‘ (lisaj)]H?ars from tin* general eireulation, (*ither spontaneously, or as 
th(* result of the*, administration of rjuinirus atebrin, or plasrnorjuine. Usually, 
alt(‘r an interval of wc^eks or months, the parasik^ may r(‘appear in the peripheral 
blood. So far no satisfactory (‘xplanation has been given for this extraordinary 
latency. In benign k*rtian and quartan malaria it may be as long as mne. 



Idg. 5. -livolufion of fht* flagellated body from the crescent (male gametocyte). 
months subsecpient to th(‘ adfiiinistration of atebrin or })la8moquine 13()). 

Shut<‘ has suggested from this, and fnun other evideiu'c, tliat the sporozoites 
v\ hen injcH-ted into the skifi by the inos(juito, do not all nsaeli the blood-stream, 
but Ix'come held ii]) ii\ the skin when*, tlu'v may live* for a l<»ng period. Only 
thos(‘ vhieh (uiter the blood directly b(‘come eonvert('d into merozoites and 
give rise to an immediate* attack of fev(‘r. 

Transmission of the malaria parasite to the foetus. — 

]\Ia]aria ])arasites have' be(‘n demonstrated in tlie blood of a child 
befon* l)irth (nnckingbam), while Heiser has recorded the case of 
an infatit sevt'ii days old with crescent.s of I\ falcipdriun in its 
blood. Congi'iiital malaria is very exce])tional, and probably only 
occurs w]j(‘n a('cjd('nta] t(*ars of the phicnntii allow passage of 
parasites from mat(*rnal to fcetal circulation. The qiu'stion is 



Fig. 6. — r/, b, c. Evolution of the flagellated body from the 
respective gainetocytes in tertian fever ; d, e, /, evolution of 
the flagellated body in quartan fever. 

whether methods of transmission exist other than by placental 
htemorrhage. 

Blacklock and (Jordon discovered in Sierra Leone that of 
pregnant women infected wdth P. jahiparum, 86 per cent, sustain 
intensive infection in the placenta leading to death of the foetus. 
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Jean and van Nitsen record eight children either born dead, or dying 
soon after birtli, of whoin six showed malarial schizonts in the spleen. 
Eecently undoubted cases of congenital transmission of benign tertian 
malaria have occurr(‘d in London, two months after birth. (Jorums and 
Brown ; Hewlett and Tannc^r.) 

Wickraniasuriya in Ceylon linds thtit congenital malaria is a 
definite clinical (‘iiiity, and in three out of six provtai cases of trans- 
placental infection the. deatli of th(‘ fodus could be attributed to malaria 
contract ( m1 in nfero. He lias also observed a persistent slight pyrexia 
in children born of malaria-infected mothi'rs, (‘S])ecially in the case of 
P. faJri])aritffi, and which can be attributed to congiaiital malaria. A 
physiologically healtliy placenta will not. ]>ermit the ])assage of y)arasit(‘s 
from the mother to the hetus. It is suggested that tla^ malaria, 
infection induces jiathological cliangc'S in th(' ])laci'nta itself, most 
probably traumatic ti'ars. 

Transmission of malaria by blood -transfusion. It is now 

recognizA'd that considtTahl(‘ danger exists in c()nv('ying malarial 
intection by blood-transfusion with citrati'd and storial blood, d'his is 
spiadally the case with P. rirn.r in the ))l()od of donors who may liave 
beiMi (‘xpos(‘d to a malaria in lection within a ]>eri(Kl of four years, 
Antschlewitsch, in Bnssia, has shown tliat in store<l citrat(al blood 
dangiT (exists up to the eighth day of storage,^ whilst Thomas, lu^ys and 
I)yl\(‘ hav(‘ r('port('d upon cases in which this acci(h'nt lias happiaied in 
England in cast's transfusc'd from an ajtpan'iitly li«‘althy donor. Otlc'r 
Bussian workers have* found it iK'cessary to add up to 1 gramme of 
(juinint' to tla' litre of bkxxl (Ackermann and Eilator). 

In Eranci', Harvier, L(‘ Brim and Lahtte ha\ (‘ rei'orded such a casit 
in a donor who had Ix'en in Algt'ria t('n y<‘ars ])r(‘viously ; Nohecourt. 
Li('g(‘ and others in one' who had had malaria si'veii yi'ars Ix'fon*. In 
London ri'Ciaitly a case of fatal (piartan maljiria lias Ix'cn ri'corded in a 
liahy transfust'd with compatilikt lilood from its fatla'r who had h\’(‘d 
in tk'ylon twelve years previously and who had nevi'r suflVred from 
any clinical manifestations of malaria (Naharro and Edward). 


The Eouii Eohms of Bakasites and theiu Assocuateo Euveus 

There are four clinical types of malarial disease which are associated 
with four distinct and corresponding species of malaria parasites. 
These different species have been classified according to {a) th(‘ 
duration of their respective life-cycles inside the liuman body ; 
(b) their morphological characters ; (c) the clinical phenomena to 
which they give rise ; and (d) the results of inocuhition experiments. 

Benign parasites are of three kinds : the quartan, which has a 
cycle of seventy-two hours and causes a fever that recurs (‘very 
fourth day, counting from the first day of fever — quartan Jeccr ; 

' Hutton and Shute Iiavc now shown that malaria parasitoH nia}^ survive for days, (u- even 
weeks, in blood stored at low temperatures — about 4° 
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the benign tertian para- 
site, with a cycle of 
48 liours, and causing 
a fever which recurs 
every third day, count- 
ing in a similar way - 
tertian fever ; and the 
ovale tertian which in 
many respects re- 
sembles the latter. 

llie malignant or 
subieri i an ] )arasi t e is 
also known as the 
a^i>ti VO- a utuinnat, and 
has a life-cycle of ap- 
proximately 48 hours. 

(For characters of 
tht' s\)ecies, ,scc ai'Com- 
panying Tabk*.) 

iNOCCLATEn Oli 'riHCKA- 

rErTie Mai-akia 

Following the work 
of W’agner-Jaiircgg of 
\dcniia, the tivatincnt of 
general i)aralvsis of the 
insane and other grave 
nervous disorders is now 
being carried out by the 
injection, subcutaneous- 
ly or intrainuscularlv, 
of 1 to 2 c.c. of blood 
containing benign ter- 
tian parasites,^ with the 
eonse(|uent ])roduction 
of attacks of malaria 
in the person thus 

Mt in most iinporUint 
that P. virar and P. ovale 
strains slioiild bo nsod ; deaths 
have occniTod from inocida- 
tion witli oortain strains of 
P. falciparum, but others in 
James's liands have proved 
beneticial. Favourable re- 
sults have been recorded in 
\’ienna from tlie employment 
of the Spiroc/ui’ia duttoni of 
relapsing feveu in place of 
malaria. 






Plate IH 


MALARIA PARASITES, x 2,000. 

A. — SlJBTERTlAN PARASI'I'E {IHastninlium jalvi ftdru ni). 

Fig. I. Siil>l(‘i‘Man riiii;s. 11 h‘ marginal form and, in ont*, doiildc 

chromatin dots. 

I’ig. 2.- (^iiaii(‘r-gro\vn parasite*. Wht'n seem in the* pcri])h(‘ral blood tins 
df'iiotes a s(*verc iiift'(;tion, as it normally occurs in the (taj)illarics 
of tlic internal organs. NoU* discoloration of cell, its irregularity 
and the ])ernicious sti{)pling --know n also as “ Ste|)hejis’ and 
“ Chrlsto})her's ’ dots, and also as “ Maureu’s dots ” or clefts. 

l^dg. lb Schi/ogonic stage, or rosette form, witli thirty spores, also usually 
in capillari(*s of inli'rnal organs — selelom s(M‘n in peripheral blooei. 

Fig. 4. — Male gametocyte (crescent). 

Fig. f). — Female gamedocyte (crescent) showing concentration of chromatin 
and })igmcnt. 

B. — Benign Tertian Parasite {rinsmodiuui rimx). 

I’dg. !. \'oung ring form. 

Fig. lb — (^>uarter-grown jearasite*. Note* Sediiilfm'r’.s dots and slight enlarge- 
ment of corpuscle. 

Fig. lb Half-grown parasite. (Amex^boid form.) 

Fig. 4. 4'lir(‘('-quarter grown parasite. (Anm^boid form.) 

Fig. “). — Fresporulating stage* sliowing fragmentation of chromatin. 

Fig. (). dompleU^ scliizogonv. (Rosette stage with 20-24 spoje's.) 

Fig. 7. — ^Male ganu*1ocyte. Note loose arrangeixient of (4>romatin and jxurplc 
tinge of protoplasm. 

kig. 8. — Female gametocyte. Note com pact. n(‘ss of cliroinatin and blue tinge* 
of jtrotojxlasm. 

C. — Quartan Parasite {Plrrsnioditnn inaldricB), 

hdg. 1. -Ring form. 

Fig. 2. — Quarteu-greiwn ]»arasite* (“ bane! foi in "). Note* corpuscle* is not 
(‘ulargcd. 

hdg. lb — Half-grown parasite* (“■ band form ”). Note the scattered blae4c 
jxigtnenl. 

Fig. 4. - Presporulat ing stage. 

Fig. b. d.’ompletx' schi/.ogemy. (iiose'tte* stage with 8 1) spores.) 

Fig. b. Male ganie'tocyte. .Note* purjxle* tinge* <xf protoplasm with heavy 
pigme'iitation. 

Fig. 7. — ld‘inal(* game^toe^yte*. Note* blue tinge* exf protojxlasm. (Filue dots, 
when pre^sent, arc known as Zi(‘mann’s stippling.) 

f'ig. 8. Normal re‘d blood-corpuscle* for e*omparison of size. 

D. T4vale Tertian Parasite (J*la.sniodinni wale). 

. Fig. 1. — Ring fexrm. Note* Schiillner’s dots. 

Fig. 2. — Presjxexrulating stage. Nexte irregular and oval shape of (uxtqxusclc w ith 
coarse and promine*nt Sedtiiffner’s dots. 

tdg. 3. — Complete schizexgouy. Note* irregular di.stribution and exval shape of 
Spore'S and also distortion of (corpuscle. 

Fig. 4. — Male gametocyte. Nexte^ e;oarse Se^huffner’s dexts and purph* tinge exf 
protoplasm . 

Fig. 5. — Female gametoeryte. Note marginal arrangement of pigrnettt. 
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injccUd. 'I hr ImsI ivsii1i.-> ;irr < if »f ;i i rn •( | with h|nn<l w hj<h has h((‘n i iiinir<li;» tri y 
(Icfihi iriatrd and kept in a Ihrrnms Hash at f rrrzini(-|)oinf . 

Ai’lifirial nialai ia may also hr piodii^’rd h\ t hr hilr ol an nilrrh*d m()S(|uit() 
or hy lirr artiiai snhriitanrons injrrtion of'th(‘ rxtrarl of t hr insrrt's salivTirv 
riands roiitaininy sjioiaizoitrs. ('onirary to thr opinion fdriiKnly lield, it 
lias l)(M‘n sliow n that inoculation ot spoiozoitrs from tlir salivary elands of 
onr inlr( trd anophrlrs w ill pi-odurr in somi^ ])rrsons ({untidiitn I'ieurs duo to 
parasites sporulatine w ithin a da\' of' (‘arfi otfior. In many rasrs, also, after 
an inruhation [Muiod of 7 Hi da vs t hr onset of thr malaria attacks is character- 
ized, not hy typical intmrnittrni fever, as seen in (’harts 1, 2, hut by a 
rt niiffcHf fr/'rr which may piu’sist fora week or nioi’c IndoK' hreomine frankly 
intrrmittrnf (('hart 2)- d'his feature app<*ars to ha\(' hern notial in th<* 
historic inoculation rxpmimrnfs orieinallx caiaard out by .Manson and Cliassi, 
to which !'(‘frr(‘nrr has hern made. d'h<‘ results of tfiis foi’m of tri'atment 
hav(“, according to \ orke and Macfiia been favourable : 27-4 per rimt. of 

ecairral par-alytirs w j-c iccardial as tmnporaril \' cured, while in a further 
2(l 2 ])(‘r c(“nt. urrat physical and distinct mental improvmiKmt wfre observed. 
It has hern pio\'r(l that sta bili/at ion takixs place so that neadaptation to 
familv life and social responsibilities is possible. In other forms of cerebro- 
spinal syphilis, it would s(‘em as if malaria therapy arts as a mordant for the 
sjx'cifie medication employ«Ml. 

In inoculated inf<-etions disinfection by (piiniiu' or atebrin is extra- 
ordinarih’ (xisw do eflect a complete cure, the amount of quinine ad- 
ministered has \aried from do-loU ,er. and d yrm. of atebrin. Itelapses 
after subcutaneous inoculation of malaria art' I'xtremely rari', while in 
naturally-ac(|uircd malaria thi'y are almost the rule. It siamis, tluTctore, 
that rnalaiial inf(‘etion pi'odueed by the injei-tion of sjiorozoiti's is much 
mor(‘ lony-livt'd and much less amenable to (juinine. \'alual)le information 
as to th(! failuF’e of (juinine to act in a pro])hvlactic manner lias also by 
tlK‘S(‘ means Ixa n obtairu'd. ddi«‘ administration of (juinine in 10-gr.- 
sohition daily for’ ti\(‘ da\s jnevious to, the day of, and eight days after the 
bite of infective mosijuitoes fails to prevent the development of malaria ; 
similar r(‘sults have be(*n olitaiiu'd in cases where 3(1 gr. of tlu' drug in 
solution w('rt“ gisaai on tlu* day of feeding infective mos(|uito(Ls and on each 
of th(' two following days. ddu'st' experiments slujw' that ejuinine has no 
action upon tlu^ sporozoitt's injeetcai by the mosejuito ; on the other hand 
the devidopment of malaria can be jirevented by 1(1 gr. of (piinine daily 
takcMi for ten days after tlw^ infecting bit<‘s. 

Artificial infection of susceptible species of anophelines and 
technique employed, kor tla* ])roduction by mosijuito bite of malaria 
inh'ction in giMunal paralytics, James uses mainly w ild-caught ins('cts obtained 
in a counfi'v district w h(‘i(' malaria do(‘S not occur. TIk' insects are (‘olKaded 
ojK^ by one in a ((‘st-tube and transferrial to a mosejuito cage. When about 
30(1 hav(‘ been caught, a watt'rproof coviT is drawn over the cage, which is 
then tak('n to the laboratoiy . After r('moval of the covm', the cag<‘ is jilaced 
in an incubator at 23 ('. for twenty-four to forty-idght hours in order that 

tht' blood in tin* stomachs of tlu* mosejuitoes may Ik* dig(‘st(‘d quickly and 
that they may be ready to fei'd upon the infei'ting case. For the case to 
b(* suitable for inf(*cting mosejuitoes it is t‘ssi*ntial that the ])eri}>heral blood 
should contain imdi* and female gann'tocytes in the ripi* stage* ; the male 
forms should ilag(*llat(* ” r(*adily in a moist-chamber preparation of fresliiy- 
drawui blood (.see p. 1024). 
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111 ait ili(‘iall\ -iiHK U laird malaria 
rases, in order to ])rodnre, for 
exaiiijilr, a sufliriiait number of 
gainetorytes of benign t(‘rtian, 
dames bnds it best to permit the 
patient to have a nundier (ten or 
more) of attacks of malaria before 
adminisUaing a small dose; (5 gr.) 
of quinine. A remission of four- 
teen to seventeen days will occur 
before the luaxt attai-k, wlien 
gametocytes in the right stag(‘ 
will be found almndant in the 
peri])heral blood. 

When th(‘ mosquito(\s are to be 
fed on the inhaiing (;ases they ar(‘ 
taken from th(‘ cage in a tt‘st- 1 ube 
and th(*n transferred to glass jars. 
The t()})s of these jars should be 
covered with a ])iec(“ of })ap(;r in 
which a half-circle valve of the 
same size as the mouth ol‘ the 
test-tub(‘ is cut. In r)rder to 
liberate* the mosepiitoes the* cotton- 
wool plug is withdrawn from the* 
mouth ol' the test-tube at the* 
time it is jiushed through the 
valve. When the mosepiito has 
down into the bottle, tlie tube* 
should lie withdrawn and at the 
same time the* valve* slK)uld be 
plugged with cotton- waiol. After 
twenty mosepiitoes have been 
transfe*rieei to e*arh of four or five* 
bottle*s, ])irce*s of mosquito-netting 
shoulel be laiei over the pape*r 
whie'li c'loses the*ir mouths, anel by 
keeping the* me)se|uite)-netting in 
})lae;e with the palm eif the hanei, 
the jiaper should he e*aref Lilly 
drawn away, thus leaving the 
ne‘tting as a cover, anel it should 
then be tieel on tightly. 

The jars eemtaining the) meis- 
quitoes are then ])lae e*d on the 
le)g of the patient. An atte*nelant 
shemlel keep the mouths of the 
jars pressed closely against the 
skin during the pe'riod alleiwee] for 
feeding, which is usually about 
twenty minute's. The mosquitoes 
bite readily through the netting, 
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but when they have fed, the jars are placed inside the eaf>:c and the netting 
covers removed, when they (iscapti into the cage. Th(‘ cage is kept in an 
incubator at 23 C. (73 F.), and by standing a bowl of water in it and hanging 
w(‘t (;lothH, the air is kept as nearly saturated with moisture as is })ossible. The 
proet*dure d(‘seribed is rc'pcuitt^d daily, the moscpiitoes being fed for at least 
five days on an infeeding (;ase. AfU*rwards they are fed every day, or (‘very 
other (lay, on a patient who is awaiting treatment, in order to (‘usun? that 
th(‘y obtain the lU'eessary amount of nutriment. Some mosquitoes die every 
day, and these ar(‘ dissected to as(*(‘rtain the progress of the malaria infection. 
VVdH‘n sporozoites are presemt in the salivary glands (usually between the 
tenth and fift(‘enth day after the first infection fe(‘d), imaibation is discontinued 
and th(‘ group of inse(;ts should be kept either at room-teniperaturi^ or in 
an ic(‘box at o ('., when further development will be arrested and the mos- 
quitoes will remain torpid, but ix^ady to infect a jiatient when required. 

In ord(‘r to infect a patient, four or five mos((uitoes are transferred from 
th(‘ caLr(‘ to one of t h(‘ glass jars and allow(ul to bite tie* patient in the manner 
alr(‘ady (h‘scril)('d. rsually two or three )>ite \( ithin a few minutes. When 
human blood <annot be obtaiiKsi to nourish th(‘ mosijuitoes, they can be 
fed on glucos(‘ solution on cotton-wool. 

Hv this nu‘thod James has shown tliat n(‘arly HM) per cent, become 
infective ; while th(‘ experience of Wi'iiyon in Salonika and that of th(‘ 
fklitor in Kngland shows that after a single f(‘(‘d on a suitabh* benign 
tertian ease fully SO ])er c(‘nt. of A. nLacullpru}ns d(‘V(‘iop oticysts in their 
stomachs if th(‘ air is loqrt moist and warm. 


Morbid anatomy. ~Th(“ spleen is enlarged —often very iiinch 
so; its surface is dark — iilack soin(‘tinu‘s— what is called pigmented. 
On si'ction, tin* gland tissue is found to be dark also, (ienerally 
th(^ parmichyuia, of the organ is so much softened as to be almost 
diillut'nl , so that the tarry ])ulp can sonudiims he washed away by 
a quite* genth* stream of water. In acaite and rapidly fatal cases of 
suht(*rtian malaria, the' ca])sule is stri'tched almost to bursting-point, 
and r(*s(*nibles a blaehh'r disU'iided with congealed blood, 'khe weight 
vari(‘s (*norniously according to tlui duration and intensity of the 
infection. Clark estimate's that of the normal sph'e'ii in negrexs at 
140 -IbO gnu. and believes that it must exc(*t‘d 300 gnu. before it 
can reasonably be (h'le'cted by palpation during lib*. The lirer, too, 
is softi'iuid, congested, enlarged, and pigmented, and of an olive-brown 
colour. The vessels of the ])ia mater and brain vortex are full, and the 
gre'y matter may present a peculiar h^adtai liiu'. In fatal subtertian 
cases of the c(‘r(*l)ral type, pimctiform luemorrhages are present in the 
white malt(*r of the l)rain, especially in the corpus callosum. These 
lesions are dm^ in the first instanca^ to ])lockage of the blood-vessels 
by the sporulating parasit.(,'S. Margulis, Thomson and Se^Tarth have 
described malarial granulomata, or focal degenerations, which are 
direct results of luemorrhages. In microscopical appearances tiuy 
somewhat resemble t ubercles and they are formed of the conglomeration 
of glia c(‘lls round the c(‘ntr(‘ of d('g(‘n(u-ation (Fig. 7). Possibly tliis 
gra\ (> alti'ratioii in the' structuia* of th(‘ C(U*(‘bral cortex may l)e resj>onsiblt‘ 
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for the various incut al and nervous symptoms wiiieJi 1'n‘qiiont ly ensue 
upon an attack of cerebral malaria. Tlie viarrow of the s])onp^y boiu'S, 
snch as the stenjimi and the bodies of the vertel)rix'. is also dark and 
congesi(H] : and a similar state of })igment.ation and p^adiaps congestion 
may ])e discovi'red in the lioufs, ((linicnfarj/ crnuil, and la(hi(\if.^. In 
fatal siibtertian cast‘S th(‘S(‘ organs ar(‘ spt'cialiy alfecb'd, a genera! 
])arenchyniatous (h^geiua’al ion villi sjiecial imudenct' on lht‘ (‘[lillielium 
of the tnbules lieing pn^sent. 

The blood. As IIk' inalaiki parasit(* is a blood parasih', \\(‘ nalurallv 
expi'ct that tlu* ])riniar\ etlect of its prescaiee w ill b(‘ ('xcacisod on. and niani- 
lested ill, the blood ; and, as the parasite* liv(‘S in and al I Ik* (“xpi'iise* of tla* 
eorjaiscles, de'st roving a certain jiroporfion of tla'in in fact, all those* attackcel 
— we look, in the tirsi instaiue, fora e*e)rre'sponelini: eliniinntion in the* number 
eif the ceirpiise-les an e>liaocytha*inia. In e>rele*r to proeluce s\ lujitoms. it is 
estiinateel that the're* must be* at le'ast eenc parasite* te) e'\(*r\- lOO.OOO re-el ce'lls, 

Tlie^ I'e'duetiem eif the re‘el e'e'lls in malaria e-anned be* accounted for })\^ the* 
jiropeirtion of the* red ])le)eK)-e*e)rpuse*le*s attae ke*d or elirectlx' consum(*el In 
the parasite*, d'he* amount e>f }ia‘nie)l\sis ae*tuall\ p?()eiuc(*d ley the* m(‘cliani< al 
aetiein e)f the* parasite's sliould be* e'asilx* e*onipe'nsate*el by the* late*nt pliysieileiLUcal 
luemogenic niar;j[in. lint tliis is neit the* e*ase*. ddic pat hokeyie-al le-sieens are* 
tliose* e*e)nne'e*te‘el with the* eh*structie>n of e*ne)rmous nnmbe'is e)f ivel e*e‘lls ; ned 
only is each inie'cte'e] ce*!! eh'strene'el, but se> alse* are* edhe*is md set parastti/e*d. 
Folleiwing Ibeewn, it is justifiabk* tee think that malarial piem<*iit can act as 
a ha'Uieelysin anel, by b(*in,H take*n up f>y e*ne|edhe*lial e*e*lls, can bi’ine abeait 
the'ir dei»e‘ne*ratie)n with asseee-iate-el e*apillaiy lia'inorrhaye*. 

Mode*rn re*se*are*h has slienvn that it is the* yeainecst e*rythre)eyt<*s wliich 
are* the* Hist tee Ik* attae ke'el ]>y malaria parasite*s, anel Malamees has e x pre'sse el 
tlie* vie'W ed dae*e)})s that a larye* preepeert ie)n <d niaiaria parasites are* eeentaincel 
in roilculuryhs. 

Often, afte*r a sinylc pare)x\ sm e»f seune* pe*rnie*ie)iis malarial le‘\'e‘r, as many 
as half a milliein eir e'\(*n e»nc* milliem e*e)i‘jnise*le*s p(*r e*.nim. elreep emt eel the; 
neu'inal fi^•e* millieens : anel this i-e*elue*tion may ye> on, as jiareexysm feilleiws 
])arox\'sm, until the* e-eerpuse-ulai* rie*}ine*ss lias falle'ii tee onef millieen, eir e*ve*n 
le*ss. Malai'ial eelideecytluemia is ae-e*e)m|)anie'el by e-hanyes in the* re'el ce*lls 
th(*mse*] ve*s. sue*li as pe)il<iloe*yte)sis, anise)e•^'te)sis. ba,se)|)hilie* sti | ejiline, an<l 
othe*r sicr)s ed ele-ucne/ratieen eaf tlie* re*el e*e*lls i.srr, A j)])e*n(lix. ]). 1027). 

Inadditiein to tlie elestrue*tie)n e»fthe* re*d e*(*lls. there is a marke*el ha*mo^led»in 
diminution ed tlie* surviv ing e'ea’peise-lcs tea .uO, 20, ear eve*n 10 pe*r e-e-nt. ('een- 
S(*epient upon this the*re* is a eliminutiem eat the* teital ha'ineacleibin e*onte*nt tee 
an e‘ve*n e;i'e*ate'r ele*m(‘e*. 

On the* whole*, in malaria, as in meast ana*mie* e-einelil ieins, the^ e*e)rpuse:les 
are* larger than normal partie-ularly tlieise* aU;u*ke*el by the* parasite, e*s]K*e*ially 
the* benign te*rtian. Oceasieinally we* e*e>me* ae-ross ee'uuine* me*eialeK*yt(*s anel, 
neit iiifre'epu'iitly, e*(*rtain very minute* ehirk-e*e)le)uie*el. sjthe*iie*al e'eir}mse*le*s. 
whie*h may be* nue le^ate*el anel ed e*nd)ryonie* txpe*. tdyt }ire)c\'te*s with base)- 
philie* stipplin'; are* not une'eemmeai, and until re*ee*ntiy meist patheeleeLdsts 
re*garde*el the*se* granule's as e‘\ iele'ne*(* of ele*g;e*ne*rat iem of the* e‘ryl hre)e*y te*s. 

The* ])le)e)d suga r is ele*e*re*ase*el eluring the* e'eeurse* e)l malaria fe've*r ; this 
ma\' be a niatte i* e)f the* gdiie-o.sc e*e»nte*n1 e)f the* blexxl whie li is kneewn to be* 
e*sse*ntial feer the* we*lld)e*ing e)f the* malai'ia parasite*. 
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In all nialarial oonditions of considorablc standin^^ there is a marked 
diminution in the vohime ot th(‘ hloo<l ; \\v do not, thei'efore, at the po.st- 
nioi'tc'in examination fijid that eoiiL^estion ot t})(‘ oiyans wliieh is so mark(‘d 
a leatun* ot most spe^afie tevers. 

Ij( nc()Cf/t(s in tnahuid. 'I’ht* work of man\' ohs(*rv(‘is tends to show' that 
the l(Micocyt<“s an* in( i<‘asrd dniaiiLT tin* actual malaiial f>arox\'sm. hut witljin 
a tew hours ot the onset of the attack the total leucocyte count lias fallen 
to ,‘kt M )() .■), 0(M> pel' e.nim,, an<i the ratio <)f white eorpuschs to red chan<j;es 
li’(mi the* normal 1 : oOit to perha})S 1 : tKKI. There may, liowi'ver. lie a 
p(‘]-sist iriL' inci'case of the lctic()cyt<-s, esp(‘ciall\' in suhtmtian infections oi 
the pei'nicious tyj>c assoeiatta] with intestinal symptfans, hut in thf* chronic 
sta^e the usual diminution in the numlxu' of leucocytes is not so pronoumaal 
and do<“s not last so lony as in kala-a/.ar. I >. Tho?usf>n has shown that th(‘ 
percentage of larL^' niononuclea !' leucoc\'te> (‘stimat('d hourly during an 
attack ot inalaria L'i\esa curve which is<‘\actl\ the revt'i'se oi the timiperatui’e 
chai't : (Inline t}),* riiier and at the la'icht (»f th(' le\ei’ th(' p(‘rcentae(‘ is at 
its lowest ; diirine the afelu'ik* pf'i'iod it rises ayain. d'he increase in the 
laiye motion ucit ‘a ]' cells may p(*rsist for weeks aft(‘r the patient has seeminyly 
h(‘cn cui'csl hy (jiiininc. Stephens and < 'hristophers have stated tliat a 
mononucleosis ot lo per cent, (in the absence of kala-azar) is diaynostie of 
malaria, and the ((anit is not usually above per cent. A liistory of fe\(‘r 
with a relati\(‘ leiicopenia and an nicreast' of the laryt* hyaliiu* mononuclear 
cells up to lo percent, is, t h(‘r(‘lor<', strony eonlirmatorv evidence of malaria : 
but a leucocytosis jn r st does not necessarily e\clud(“ malaria. 

J'/nn/orfifosIs. 'The hamiozoin. the di-tritus of the parasit<\s atid red 
blood-corpuscles, is taken up by the p(»l\ tuorphonuclear leucocytes and larye 
hyaline macropha ye cells. .\ consiih'rable d(‘sl ruction ot re(l hlood-corjaiscles, 
liotli normal and contaiiiiny parasites. tak('s })la<*e in the spletm, and this 
process ot blood (lesti'uction is consich'red to be one of t he pi’incipid eaus(‘S of 
malarial aiiamiia. Th(“ larye numb('!‘ of j)iym(‘nteil macropliaye cells in the 
spKmie sinuses is a strikiny feature of the ])atholoyy of subtertian malai'ia, and 
the lindiny ot piyment o-ontaininy leucocytes in th(‘ pm'iplK'ia 1 blood is proof 
that the ]»ati('nt is infia-ted. d’h(‘ observer must con\ince himsi'lf that 
it is t!U(' hamiozoin and not dust or dirt on tlu* film, and piyment-b('ariny 
leucocytes can best be demonstrated by th(‘ thick-drop nu'thod. As a rule, 
whim it is pi'esent within a larya* mononuckair cell, there is a yood deal of it 
and it is (‘it her \ ellow ish brow n or bi-ow n-blaek. 

The (‘stimation ot the .s(‘rum-bilirubin. \an d(‘n Ikayirs I'eaction, shows 
a yradual rise dui’iny the eoursi' of a malarial pai'oxysm. 

Mdhiridl i<iji iiuiy bo bmiul in blood front aiiv of the 

origans ])ro\ioiisly tmailionod, within tlio ('ndotholial colls of the 
artoriolos and cajiillarios, as ininiito yrains or actual blocks ; it may 
bo aftT^royati'd so as to form vt'ritablo thrombi and occliulo vossols. 
The splo('n and bont'-marrow arc furtluu* (list inyuisbod from the otb(*r 
oryaiis montioiK'd by tin' position in wliieh tlu' liaunozoin occurs in 
fln'in. In all oryans fln‘ ])iymon< is found in (in' blood-^•t'ss('ls, but 
ojily in tliesi' (wo is i(. found in tbo ct'lls of (In' parenchyma as well, 
ariiJ outsidi' and away from tbo blood-vossi'ls. in the livor i( is found 
ill tiio inli'tstitial or Kfipfh'i* coils. 

Ndluvd (Uid souri'c of vidhtriitl pujinoii. d’ln' ]»iynion(. is idi'utii'al 
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with that formed within the malaria parasites, and is insohible even 
in strong acids ; it is altered by potash and is entirely and rapidly 
dissolved by ammonium sulphide. It is an iron-contairiiug derivative 
of ha:'moglobin whicli is primarily split up into globin and a pigment — 
hamiatin, and it is from the latter that lupinozoin is derix ed. So far 
as the circulation is concerned, such a pigment is found in no oth(‘r 
disease, though as an exiravascular pathological product a similar one 
is found in bilharziasis and certain melanotic tumours ; but only in 
the cells, never in the blood-vessels. 

Of all the vessels of the body, the splenic vein is that in which 
malarial pigment is most, abundant. AMiereas in other vessels it 
is found to be included in ordinary leucocytes, in this vessel it is 
included in large white cths, probably identical with splenic pulp 
cells. The reason for this is that the spleen is not only the physio- 
logical destination of the lia'inozoin-ladtai leucocytes, but is a.lso a 
favourite nursery of the parasite. 

Besides the pathognomonic haunozoin, there is usually found 
in the organs a considerable amount of a. yellow or brown ])igment, 
lurmosidcrin. This pigment is found not only in the capillaries, but 
also in the parenchyma cells of the liver, s])I(‘en, })ancr(‘as, and kidney, 
as well as in the Ixme-marrow and the connect i\(* tissiu'S. it is by 
no means characteristic of malaria, but occurs in all diseases in which 
there is an extensiv(‘ bn'aking up of red blood-('(U'])uscles, as in 
paroxysmal luenioglobinuria, in pernicious ana niia, in organic ])oison- 
ings, etc. Contrary to wJiat has been said about lia niozoin, it is equally 
insoluble in acids, alkalis, and alcohol. 

Apparently, under the name of laemosiderin two ]Mgments were 
formerly included, one containing iron, the other not, ; the lat t(‘r is known 
as lia^niofusciiu tliough some autiiorities consider that there is originally 
one j)igment which, after deposition, breaks u]) into free iron and tlie 
iron-free ba'ni(jfuscin. The ferruginous granuk'S are more abundant 
after an active Inemolysis, and can ])e demonstrated by tlie ]K)tassium 
ferrocyanide method, in wViicli they show up blue ; the luemozoin 
(in which the iron is firmly combined) shows u]) black, while the ha-mo- 
fuscin nanains yellow, fn a more protracded luemolysis, as in chronic; 
malarial cachexia, the yellow pigment alonc' is found. 

rohjcholin. — C]) to a (-(‘rtain dcyree of patholoyieal lia*nio^dot)ina'inia the 
liver eaii deal with the free }aeino<^kd>in ; and so it eoines about that when 
this substanec' is free in the blood, the seenUion and flow of bil<* hec'ouie 
eorrespondingly inereasi'd. if this How of bile* be exe(\ssiv(‘ it yives rise to 
what are ealled bilious syuiptouis ” --i)ilious voinitiuo;, bilious diarrha'a - 
symptoms whieh are (*ommoii in malarial disea.sce particularly iu thc^ variety 
known as bilious remittent.” Thus, polyeholia is a, constant and often 
urgent feature in most fevers, and is good t'vidcmee that in malarial 
infections tlierc' is a surcharge of the blood witfi free hamioglohin. It is not 
inq)ro))abl(', altliough this [>oint is dispiited, that the y(‘llo^\ ik^ss of the skin 
and sehuie ohscuA'cd in thes<‘ f(‘veis is dm; to tintiiic of th(‘ I issues 1>\ the 
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liberated liaano^lufiiri, and not, as is popularly b(*lievaMl, lo biliousness or 
ehobeinia Ironi bik; absoi ption. 

Knlargcinmt of tfir Ur<r.-—\n all lour typos of malaria, but es])eeially in 
subtertian, enlarj^einent of tli(‘ livin' is apt to oeeur. In life it is usually 
ae(;o]n])anied by tiniderness of tlii^ lU'^an and slight elianges. The pathological 
appearanei‘s are due to pigmimtatio?! and grinit congestion ; the capillaries 
themselvi's may bi* disUnidial with macrophagi* cells, (mdothelial cells, and 
malarial ])igm(‘nt. The liver cells are usually atro])bied and contain much 
hannofusein, while thi* hannozoiri is found in the intin’stitial or Ku])ffer cells. 
In subtertian malaria thef'c may also be extensive fatty d(*generation of the 
liver cells. 

T}ie }ii(U’L - \i\ rapidly fatal easi's of .subtertian malaria Dudgeon and 
Clarke have found a diffuse fatty degeneration of the heart similar to that 
occurring in acute dijihtheritic })oisoninLf. The recognition of thi'se changes 
in the heart goes far to explain the dramatically sudden deaths which may 
occur in subtertian infections. 

The supnircjiftl (jhiiul.s. — In subtertian infections a constant lesion has 
been noticed in thi'sc* glands, especially' in the reduction of the lipoids of 
till' corti*x. It has been thought that these changes exjilain a syndrome 
occasionally nu't \sith in subtertian fever, characterized ])y great muscular 
\i(‘akness and lou blood -jiressure. 

TATIIOLlHiY OF BlACKWATER FeVER 

The mierosco])ic pathology of blackwater fever n'sembles very closely 
the pathology of subtiTtian malaria, already described. 

d'he (jall-hladder is filled with dark^green viscid bile. The spleen contains 
a large amount of luemozoin, together with evidence of phagocytosis of the 
red blood-cor]>uscles by the leucocytes and endothelial cells (hannatophagy). 

ddie A are enlarged and congested, and of a peculiar sandalwood or 

greyish-violet-brown colour, the tubules being bloi-ked with haiinoglobin 
infarcts, and the cells of the collecting tubules laden with hamiofuscin, while 
in the capillaries a ironsiderable amount of luemozoin is found. The 
blockage of the kidni'y tubules is attributable, apparently', to two causes : 
the hyaline or blood-i;asts, as they are called, are due to the coagulation of 
highlv albuminous luemoglobin-eontaining serum, while the cellular are 
Ioi'iikhI by dislodged and degenerate epithelial cells of the urinarv tubules 
which, will'll im])r('gnated with haunoglobin, collect in the lumen of the 
tubuk's. In more chronic cases of the disease the appearances of the kidney 
are diffi'ieiit. Should the jiatieiit then die of uneiiiia, the macroscopic and 
inicrosco])ic appearances of the kidney are those of a ('hronic parenchymatous 
degeneration. 'Fhe bone -marrow is brown and of a Iluid consistency. 

In the early stages of blackwater fever the blood shows a great reduction 
in the number of red blood-corpuscles, but verv little other change ; the 
d(‘gree of reduction depends upon the extent of the hamiolysis. If it is very 
exUuisive, the red blood-corpuscles may fall to 1 million per c.mm. within 
24 hours, but in fulminating eases counts of 50(),0t>0 have been recorded. 
At this stage free ‘' shadow ” corpuscles can be seen in fresh blood prepara- 
tions, and it is said that effete red cells may occasionally be found enclosed 
in the phagocytes. During the stage of recovery the most striking micro- 
scopical changes seen are the intense polychromasia and poly chromatophilic 
stippling of the red blood -corpuscles. According to the recent teaching, both 
these changes are held to be indicative of blood legeneration, and, as evidence 
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oi tins, nucl('ated red dlood-eorpuseles may maU(' tiieii- apixaraiice ; at. llie 
same time, as a rule, a defmite iiien'aso of the monunuclcai' eclis above 12 per 
eeiit. eaii be substatitiat('d ; l)ut, save in the ab.s('net‘ of malaria parasites, 
there is no striUinL^ feature in wliieli the ])Iood pietnix' dillers from that (d a 
])ernieious ease ot sid)t('rtian malaria. 

ClIMC'AL rilKNO.AlKNA OF MaLAFIA bd'A i’.F 

Symptomatology. Foriuerly tlje malaria b'vers ^vert‘ dividt'd 
into intermittent, or remittent forms {see p. 74), but it lias since liecai 
found tliat intermitli'iicy or remittency is more or h'ss an accident, 
for any of the IlinM^ parasiti's ahvady d<'scril)(‘d Jiiay caus(‘ what, was 
foi'inerly known as remitt«‘nt fe\(T. Two penm’at ions of tertian 
parasit(.'S maturing on (a\-o successive days will jiroducc' a (jiiotidian 
fever ; bui two geiicTations of (jiiartan ])arasit('s mat urin,i>^ on successivi^ 
days wall pive rise to fevtT on twa) successive' days followed by one day 
(d’ fre(‘(]()m from b'VCT — wliat is know'n as QuarUtna (]uj>Icx ; whereas 
three peiieratiojis maturing: on tliree succ(\ssi\t' days will |)i'oduce a 
quotidian fever — Qnartmia Irlplcx, 

Eacli .attack of malaria ieM'r (‘onsists of a stayi^ "f ('oldness or 
J'i^air (ayue), a stage (d‘ hi'at, and a stagi' id’ sweating ; thesi' are 
followed fiy a jieriod (d‘ apyrexia known as tin' iiiti'rval. Tlit* 
duration and intensity of tliese constituent stages \arv v(‘rv 
considerably. 

77/c i}U‘ul)(tfi()H period, — This is usually stated as Iteiiig about ten 
days ; but Jana'S finds that, nneh'r exjieri mental ('onditions, the mean 
period, liy niosipiito-liite, is 14*1 da3^s ; but when caused bv blood 
inoculatiijii 1T2 days. Tluve is a teiuhaicy for tb(,' im'ubation period 
to become shorter, esjiecially in subt(Ttian malaria, and for the attacks 
to be more severe as the nundaer of bites is incrt'asi'd. In souk' Ikd 
p(‘r cent, the incufiation ])(‘riod mav^ he as short as eigdit days ; in 
addition thei'e are loleiil cases in which the incubation ])eriod is lietw-een 
80 and 40 wec'ks. 

Preiiionifonf sUuje,- Eefore rigor sets in. and sonu'tiines for si'vc'ral 
days before tiu' actual dis('ase declares itself, thei'e nayy or there may 
not be a, premonitory stage marked by lassitude, a, desire to stre'tcii 
the limbs and to yawn, ai'hing of the liones, lu'adache, anorexia, 
perhaps vomiting; jierhaps a, feeling as of cold wati'r trickling down 
the hack. If the tla'rmonu'ter Ix' us('d, it will lx; found that body- 
t eni])erature has Ix'gun to rise, if ma._y be some two or tiirec; hours 
before the onset ot the other a,nd more striking sym])toms which (‘nsue ; 
or it may he that tlu^ Ihn'atem'd attack will subside spontaneously 
without culminating in the morii ])ron()unc(ai pln'nonu'na, of a, fully- 
dev(4oped ague. 

(d)ld slage . — 4Vhen rigor S('ts in, the leeling of (‘old s])r('ads all 
over the body, bec'oming so inhaise that the ti'cth chatter and the 
patient shivers and shakes from hea.d to foot, lie stxjks to cover 
himself with all the wraps he (*.an lay hands on. Vomiting may 
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Imhmmih' (lisi jvssiii^(. ^rii(‘ Icjilun'S ;ir(‘ ])i]iclu-(], lljci rni; 4 urs are 
sllri^ ('1I(‘(1 , tlii', skill IS and ('old-lookino-, f^id may exhibit the 

ion Imnwn as ‘\L':<><»>'‘'skin ” (cutis aiiscrina). Ihit. tlii' h'cliii;^ 
oi cold is cniirely sidtjccl i\ t* : it llic tcnipcrat me; be taluai it is found 
to b(‘ aln'jidy s('\’('ral d(\i^u'(M's abo\o normal and to Ik* rapidly nioimting. 
In yoiinjj; cliildreii il is not at. all unusual to lia\'e a, coiu ulsive seizure 
at this stage* a fact that bas to be borne* in mind, as it is very apt 
to suggi'st id(*as of e-pile-psy. 

JIol shKjr- After a time* the* shive'iing gradually abates, giving 
])lace* to, or alternating with, wa^e*s of warmth and, before long, to 
])e*rsisting fe*elings e)f intense he-at anei fe-brile; distress. The wraps, 
which be'fore we*re‘ sei e‘age‘rly hugge*el, are; now tosseel off; the* face 
beconie'S Hushed ; the; jiulse is rajiid, full, and bounding; heaelache 
may be* inte'iise ; xomiting freepient ; r(*sj»iration hurried; the skin 
dry anel burning, the* thernieunede*!’ niounting tei lOT, 105°, 100° F., 
or (‘\e*n higher. 

Sirralijuj sUiijr . — After erne e>r more* hours ed' acute* elistress the 
patie'iit hre-aks out intei a pi’ofuse* jK-rspiratiein, the sweat literally 
running off him and saturating his cleitlie's anel he*dding. A\h’th the 
a ppe*arane*(‘ of diapliore'sis the fe‘ve*r rajiidly eh*cline*s ; h(‘adache, 
A’oiiiiting, thirst, and iehrile distre*ss gi\ing jilace* to a tueiing of relief 
and t raiKjiiillity. Dy the* time the* sweating lias c(*ased the jiatient 
may fe‘el ejuite* well : a little languid, pe*rhaps, hut ahle to go about 
his usual occujia t ion. The* bodily te*ni])e*rature* is now eifte-n suhneirmal, 
ami may T’e*main so until the* ajiproaeTi eif the* ne'xt lit, one, two, or 
thre'e; elays lati'i*. lle‘rpe*s of the lips is a common manifestatiem of 
nialaria, e*s])(‘e'ially in be'iiign te*rtian infectiems ; a similar affection of 
the ears has also he*!*!! noted, while true* herpe*s zoste'r of the body may 
also eie’cur. 

Duration of ihe /(/.- The eluration of an ague tit and of its 
e'emst it uent stagus is \e‘ry \ariable. On an average it may be put 
at six to te*n hours, the cedd stage oceui])ying about an hour, the hot 
stage from thre'e* to four hours, the sweating stage from two to four 
hours. 

The urine and in atjue,- During the* cold stage the urine is 

oft(*n limtiiel anel abundant, anel is passeel fre(|ue*ntly ; but durmg the 
hot., swe-ating stages it is se'anty, loaded, seuiietimes albuminous. 
T’he amount of urea is increasecl, particularly during the cold stage, 
and so are the chloride's anel suljiliatvs. The* phosphates, ein the 
contrary, diminished during the rigor and hot stage's, are increased 
during eleTe)rvesce*nce*. The; augmentation in the; exeTe'tiem of urea 
e-ommences several hours before the subjee'tive symptoms of the 
attack begin, attains its maxiinum towards the enel eif rigor, and 
elecreasos (luring the hot and sweating stages, although still continuing 
abeive the normal standard. The exe*cretie)n of carbonic acid folleiws 
a ceirresponding course. The urine usually contains urobilin, which 
is incre'ased during the attack, but declines directly the temperature 



74 


MALARIA 


falls. Tiio coimspuiiclij]^^ jagnjiaif in ihr iata'S (li v'(ln4)jln'ul)iii) is 
increased to twenty times tlie normal amount as long as there is fever 
and parasites arc prescmt in the blood. 

The spleen durhicf ihe jli . — The s})l(Mai usually becomes (adarged to 
a greater or less extiait during the rigor, but is not always palpable. 
At first the swelling disap})ears in the interval, hut it tends to become 
more or less of a chronic fealure if the attacks recur Irefjuently, more 
especially if they are associated with pronounced cachexia. Spon- 
taneous rupture may occur, though rarely, in acute stages of inoculated 
malaria, after injury to tlie abdomen, necessitating splenectomy. Tla^ 
operation, liowever, does not extirpate the malarial inf(*ction, as has 
sometimes been stall'd, flei messy has noted that the sym})toms of 
rupture of the spleen may simulate tliose of rupture of the bladder 
owing to the presence of ])ain in tlie hyj)ogastriu}ii and the irritation 
of the latter. Failure to palpate the spleiai sliould not deter thi' 
diagnostii'ian froin making a routiiie blood (examination for malaria 
parasites since these may often })e found in the absence of any 
ascertainable sjdenomegaly. 

Period of ihe doii at uhkh uijue eonivienees .- — A large jiroportion 
of agues “come off” b('tw(nn midnight and noon, or in the ('arly 
afternoon. This is a fact to reiiR'iiiber in diagnosis : especially when 
we ha\ e to fai'C the ]>ossibility of recurnait })yr(‘xial attacks being 
caused by such conditions as liver abscess, t ul)erculosis, and se])tic 
states- conditions, be it remarked, in which febi'ile ri'curriiice takes 
place almost in\ajiably during the afternoon or evening. 

Atypical agues.- — Tlu'ni are sonu^ cases of subtertian malaria, 
especially of African origin, which are liable to assume suddenly a 
pernicious charactc'r. In otlun cases, notwithstanding a com}>ara- 
tively slight rise of temj)erature, sujiraorbital neuralgia, headache, 
prostration, or vomiting lijay lx* extrejnt'ly distressing. There is an 
infinite variety in this respect. 

Terms employed. — Acute malarial attacks wliich recur dail\' aix* called 
quoUdian ague ; it they occur oixHi in 48 hours, they are calk'd lerlian ague 
(Chart 1) ; ii'oTice in 72 hours, quarUin ague (Chart 2). As a rule, the attacks 
tend to occur about tlx* same time every day. When tlx^ tit is ju’olonged 
and ])eriodicity is marked by only a sliglit fall of temperature, a slight sweat- 
ing, a slight feeling of chilliness, the fever is said to remit — to be reniitient. 
{Sometimes there is no remission ; such a fever is said to be couliuued. When 
a fever oscillates above anci below' the normal line from day to day, it is said 
to be intermitieiii. James distinguishes between a recnidescenee and a 
relapse ; by the former term is meant a return of clinical symptoms follow ing 
a short time after the jirimary attack ; a relapse, on the other hand, occurs 
after a considerable interval^ — it may be months — during which then.* is no 
fever and the patient enjoys good health. The causation of the tw o is prob- 
ably different and relapses are more liable to come on during cold weather. 

All sorts of blending of submrtian with tertian, and occasionally of either 
or both with quartan, may occur ; these are cases oiinixed infection. 

Relation of the phenomena of the fever to the developmental 
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stages of the parasite. — During the rigor the Hcgnienting parasites are 
breaking up and are liberating the merozoites, which escape into the peripheral 
blf)od. At the end of the rigor and during the liot and sweating stages, the 
young parasit(‘s of the new geniuvation — small and intracorpuscular bodies 
or sclii/onfs — and pigmcnt<*d leueocyU\s containing the liicrnozoin liberated 
by th(‘ br(‘aking-u}) of the fully-formed schizont, can be demonstrat'd. 

During the ajiyrexial intcTvaU the intracorpuscular ])arasites are growing 
in size, becoming jiigimuitcd, and preparing for maturation. From the fact 
that parasites an' jiresent in the blood during apyrexia, often in gn^at numbers, 
it is (‘vid(‘nt that it is not the im're presence of the parasiU' in the blood- 
c()r[)uscl(‘ whi(*h causi's the* fever, but probably the pyrogenic agent is in 
the natuH' of an anaj)hylactic or ha-moclasic ” shock. Ahrarni and Sencvi't 
havt' apf)licd this term to a (‘ondition resulting from the inoculation (jf foreign 
proteins into the blood stream ; the phenomena consisting c hiefly of lowered 
artc'rial tension, leucopemia, a diminution in the number of nal cells and 
change's in the coagulability of the lilood. Most probalils' the* shc)wers of 
libc'rated merozoites or thc' ])rodii<'ts of the destrovc-d rc'd blood-cor{)usclf‘s 
act as the forc'ign jirotc'in injc'C'U'd into the blood-st ream. 

Course of benign tertian and quartan fevers. — Jhnigti 
Ic'rfian fevcT usually lasts ten hoiir^ or less and corri'sponds in tlic' main 
to tin* (h'scrijition of a typical malarial attack alrc'ady givc'ii. In sonc' 
cas(*s the rise of the fc'Ver is rajnd and high, and the tem|)erature may 
rcaich 105''' or lOG F. within an liour or .so : on the otlu'r hand, cases 
are met with in which none of tlie clinical jda'iionieiia of malaria fever 
an^ prc'Seiit, and the' tem]H'rature does imt rise aho\e 90-10(f^ F. 
ddu' fever in (inartan inh'ction is generally smart while it lasts, and 
well defined as n'gards the various stages, hut it doc'S not tend so 
markedly as in othc'r malaria inh'ctions to the* rapid develojimeiit of 
caclu'xia. It has oftc'ii Ix'en noted that, although individual attacks 
of this inh'ction an' amenahh' to (piiniiu', the' disease itself appears to 
1 k' of a nutH' ]K'rsistent nature than tertian or suhtertian malaria. 
Attacks, then'forc', arc' liahh' to recur during several yi'ars. The 
]>arasites, too, an' more resistant to quinine in one sense, in so far 
as thi'v pi'rsist in the hlood-stn'am for a wi'ck or more whilst tiie 
patii'Tit is taking this drug. 

Course of ovale tertian malaria. — This type of fever closely 
n'sembk'S tlu' hc'uign tertian in its pc'riodicity ; but, generally speaking, 
tlic^ attacks an' sudden, short' and mild, and not accompanied hy any 
grave degree of aniemia or constitutional disturbances. The rigors in 
this type^, in contradistinction to other forms of malaria, are more apt 
to tiike place during the courses of the evening. Rheumatic-likc'. pains 
in various parts of the body, esjiecially the lumhar rc'gion, are charac- 
teristic, and sonudinu's jiain rch'rred to the ajipendix may suggest a 
diagnosis of appendicitis. Very rarely, mon' severe types with 
splenonu'galy ami ana'inia. are met witli, though in these cases a mixed 
iidection wdth subti'rtian malaria may be suspected. There is usually 
uo excess of urobilin in the urine which is usually found in other speeit's 
of malaria inlVelion assoeiati'd wilh inleiist' blood ih'sl ruction. 



76 


MALARIA 


Quartan malaria 7iep]irosis .^ — Nephrosis is eoiiiiiioo in ilioso c-onntric'S 
in which tlio quartan parashe prodoniinah^s. d’liis <|U(\s(ion has lauai 
studied by AVatson (11K)4), and Clarke (1912), in Ahilava, by (loldie in 
Palestine, by Danii'ls (1897), by (Tiglioli in Pritisli (biiana, and by 
Surbek in Sumatra. The Pditor, with .Aray])ury (1927), n‘))<)rted Pvo 
cas(\s of acute 2 i(^])hrosis in wliicli the piwsiuice of tla* (juartan ])arasil(‘s 
ran ])arallel to the amount of albumin in tla^ urine, (b^lioli, in his 
coni])lete study, hnds that a,cut(‘ iieplirihs is not usually associatt'd with 
this inh'ction except in the chronic form, and consideis that a- small 
pro])ortion of cases art' caused by P. falriparunt as well, lloth S(‘\(‘S 
are liable to this complicat ion : in cliildlmod thesf^x distribution is ('qual. 
but amongst adults malarial la^pbritis is conmiom'r in niakjs than in 
females. He regards albuminuria occurring in a iVhi’ilc at t ack as indica- 
ting the cojinnencement of parencliymatous ne})hritis. 'Idle pathology 
consists of ail intlamed kidney wliich al't(‘r\\ ards bccoiiK's ol the larg(‘ 
wliite variety and eventually (h^giaierates into clu-oiiii* intcisi it ial 
nephritis, (ioldiia on tlaMither hand, hnds that t la* jia t hoiogical picture 
is one of “ nephrosis ” and is due to tlu' production (d' malarial toxins 
(‘ontinui'd o\ er a long jxaaod. He considers that this may ociair m all 
types of iidection, es])ecially tin* subtertian, but la* thinks that tla' 
liability in quartan cas(\s is due to insufticiiait treatment on account of 
their milder cbaraidcr, and that thus they art' moi’e liabk- to relapse into 
the chronic stagtx 

As a general rukx tla* duration of om* ]»emgn tialian iidectit)n 
before the parasites di(* out from the }K‘rii)la'ral blood is nine months 
to a year after leaving th(‘ emhanic area, lait (‘xciqitions to this lade 
often occur ; clinical rela,])ses, with the pn^siaice of the ])arasite in 
the blood, ha\e been rec'ordial as long as three and e\en four years 
after the dat(' of the original infection, (hiartan is the most resistant 
and persistent infection. 

CiiAiiACTKUS OF SrjrrmrjJAx on AIalioxan t l'd;\j;i;s 

From a clinical point of view as i‘egards diagnosis and ti’catment. 
this is the most imjiortant. form of Jiialaria. As a rule, the fe\cr 
produced is very irregular in it,s course. 77/c riffor ,s7ur/c is rclaliiuii/ 
less marked; the jiyrexial stage is more jirolonged, and. is ofti'n 
characterized by a, tendi'ncy to adynamic conditions, together with 
vomiting, intestinal catarrh, pains in the limbs, anorexia, sevi're 
headache, supraorbital laairalgia, and depression. After apparent 
recovery from the feviv, tlave is a great prone.ni'ss to relapse at more 
or less detiniti' intervals of from eight to fourtiam days, but an immunil}' 
soon appears to diweloj). FxpiTience gaiiual during tJa; (lr(‘al W ar 
has tended to show that benign tertian inhadions are, as a jade, far 
more persistent than are the subiertian. Subtnrtian ieviu’S an* accom- 
])anied by rapid destruction of corpusek'S, and are usually followinl by 

^ Accord int; to t ic ‘ inodcni cliissilicMl ion oj‘ Miillcr, 1 lir 1 < rni ‘ in pli i ( i.sis” stiouli 1 Ix' i c t aim d 
lor tlx' to\i(^ “ nc|)liritis” ol iiiahirin and allird conditions. 
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unlike tliat of ordinary tertian. There is frequently what is called a 
double crisis ; that is to say, when the fever has attained its apparent 
fastif^iuin there is a drop of one or more degrees of temperature — 
the “ false crisis ” — to be folknved by a fresh rise, which is tlien suc- 
c('eded by the “ true crisis.” This peculiar phenomenon lias been 
attributed to the jiresence of two swarms of parasites, one of which 
matures somewhat later than the otlicr ; it is only proved to occur 
regularly in one other tropii'al fever, namely, kala-azaa*. (Chart 4.) 

A double infection witli the subtertian parasite may produce a 
quotidian fever (Chart 5), a typhoid-like depression generally being 
a marked fea.ture. 

This form of fever is justly n-gardt'd as being dangerous to life, 
yet in certain instances tlie parasite may exist, even in considerable 
numbers, in the blood-stream for months on end without seriously 
interfering with h(‘alth ; it may jiroduce no ascertainaljle rise of 
temperat urt', or the jxitient ma}^ eventuall y S(‘(‘k medical aid 
suffering from (rdema of the legs, dys])t‘])sia, or some oMut bizarre 
or trifling complaint a})j)arenlly quite un(M)mH*ct(Hl with malaria. 
Cases of this nature are frequently seiai in men returning from tin? 
West ('oast of Africa, in whom flu* first synqitoms of ill-healtli may 
a])pear after several months' residence in England. As the infection 
is capable of lying dormant for a long ])eriod, one should examine 
microscopically tla' l)lood of every ])atient coming from a, malarious 
country, what e\f‘r the nature of his complaint, since* often this parasit 
in the ring or cn*s(‘(‘nt stag(', is found in the blood of a j)j)ar(‘iit ly 
p(‘rh*ctly healthy individuals, usually without s])lenic ('nlargem(‘nt or 
other signs of malaria, on thi'ir return to fairoja' from \\'(‘st Africa. 
The one outstanding clinical sign which is of valm* in thes(‘ latent. 
cas(‘S is th(* dee]) slieiTv ('olour of tla* urine, dm* to the pr(‘Sence of 
urobilin (.see Ap})t*ndix, ]>. 1027). d'hough suhteitian nialaria, may 
produci* th(> most virulent infections and may be in many instances a 
danger to life itself, y(‘t they are much more amenable to quinine and 
atebrin than are tlm ht'iiign t(‘rtian. The life of the })arasit(‘ in tla* 
human laody is njiicli shorter, and it is (*xtrem(‘ly ran* for relaps(*s of 
sublertiaii malaria to be noted nine months to one year aft(‘r (juitting 
the endemic an^a of the disease. 

The cliiiical guises which subt(;rtian malaria may assume are 
most protean in character. It may markedly simulate many other 
tropical fevers, and even surgical conditions. The followii^g are the 
main clinical types of this fevt*r that are recognized : 

Bilious remittent.- One type of malarial fevc'r — bilious 
remittent — has long b(*(*n r(‘cogniz(‘d on account of the bilious vomiting, 
gastric distress, som(*times l)ilious diarrhcea, somt‘tim(*s consti])ation, 
which accompajiy tin* recurring exac(*rbations. it. is furtla'r 
distinguished by tla* ])ronounc(‘d ict.erii*, or, rath(*r, reddish-yellow or 
saflron tint of skin and sc.li‘ra* a tint derivt*d, ])robahly, not fnjin ab- 
sorption of bile as in obstructive janndict*, but fiom iiDMlilit'd 
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IjfDiijoglubiii (serum biliruluii) fr(‘e in tljc blood or de}>osite‘d in ilj<; skin 
and scloroiics. Tliese bilious remiik'nf s an: very common in tne more 
highly malarious districts of Africa, A]]ierjca, Die W(‘st Indies, India, 
and, in fact, in all malarious tropical couritri(‘S. They are not usually 
dangerous in themselves, ])ut they are apt to result in j)rofound 
anaunia, and are often but the prelude to clironic inalarial saturation, 
I)ad health and invaliding. 

A modification of the bilious remittent — the “ typhoid remit tent ” — 
is very much more grave, as affecting life, than the simple bilious remittent. 
Jn the typhoid remittent, typhoid symptoms -such as low delirium, ])ros- 
tration, dry tongut‘, swelling of spleen and liver, subsultus tmidinum — 
arc superaddcd to the usual s\unptoms. Tliough recovery is tlie rul(‘, 
a considerable projiortion of such attacks prov^e fatal. 

Some writers class by themselves a set of cases they call ‘‘ adynamic 

remitUmt cases which are characterized by restlessness, nervous depression, 

inkaise muscular and cardiac (i<T)ility, profound and rapid blood dekaioration, 
icterus, liability to syncope, (xtcasionally a transient ha3moglobinuria (as was 
observed in some of the Salonika cases), liability to haanorrhages, and a 
marked tendency to local gangrene. 

Tidierculosis, syjihilis, rt:nal disease, or alcoholism will often be found 
as factors in deka'mining the adynamic remittent and ty])hoid remittent 
tyj)es of fever. 

Pernicious attacks. — Many writers ha\e drawn attention 
to what an' called pernicious attacks or jM'rnicious symptoms — the 
bnaich maitly designat(' thcan acch ])rrni(.i(Mix — a s(‘ries of ])henom(aia 
of th(‘ possibility of which, not only in tlie course of remittents but in 
the course of what, is seemingly an ordinary paroxysm of intermittent 
fevt'r, the ])ractitioner in tro])icaI climates should neyer lose sight. 
ddi(‘se acres pcraicieKX may supervene in apparently mild cas('S and 
carry off the patient with horrifying siuldtainess — as suddr'idy as an 
attack of malignant choh'ra. The wary practiti(.)iu‘r is always on the 
look-out for them, and is always ])repared with nu'asures to meet them 
})roperly whi'ii tlu'y threaten. Ik'rnicious attacks are liable to develop 
in drug addicts {see |). 56). 

Pernicious attacks are roughly classified into cerebral and algid. 
The cen'bral are divisible into hyperpyrexial, comatose, convulsive, 
f)aretic, and so fortli ; the algid into syncopal, choleriform, luemor- 
rhagic, etc. 

PEincjiUAL FORMS. Hyperpyrcxia . — There can be little doubt 
tliat many of the cases of sudden death from hyperj)yrexia and coma 
usually credit(‘d to what has been called “ ardent fever ” or “ heat- 
apoplexy,” are really malarial in nature. If careful inquiry be made 
into the antecedents of many of these cases, a history of mild inter- 
mittent fever will often be elicited ; or it will be found that- the patient 
had been living in some highly malarious locality. 

In the course of what seemed to be an ordinary malarial attack 
the body-temperature, instead of stopping at 104° or 105° F., may 
continue to rise and, passing 107°, rapidly momit to 110° or even 
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to 112'\ Tlio palii'iii, after a ])rief stall' of iiiaiiiaeal or, perliajts 
liuitterin^^ doliriinn, Ix'coinos ra])idl 3 " iiiK'onseiuus, tlic'ii eonuitose, 
and dies within a finv iionrs, or |)t'rha|)s within an hour, of the onset 
of tlic pernii'ions synij)t()nis. 

Coma. — Sonii'tinies tiie j)afient, without, hv’ix'rpyri'.xia, tlie 
thernionieter ])orhaj)S not. risini^ al)()ve, or I'Yen ii]) to, lOL', may la})S(‘ 
into (‘oina. The coina may pass away Avitii a crisis of swi'atin;^ : on th(' 
other hand, an asthenic condition may set in and deatli from collapse 
superveni'. In thi^si' cases then' is a marki'd ini'reasi' of ])r('ssiire in 
ilie eere])ro>spinal fluid, and ihi' Kditor has found intraci'llular melanin 
pigment to he a striking and diagnostic fi'atun'. Appi'lhaum and 
Gelfand have ri'corded an incri'ase in tlie large mononuclear cells and 
a delinitc' increase in the alhurnin and globulin in this Iluid. 

E'pilepiiforni ntfaclcs. — ^Fheri' has hi'i'u some di\ ('rg('nc(' of o])inion 
regarding the* origin of epile])sy folloAving malaria. Alohi- thinks that 
the sym})toms are sometimes those of mi'uingitis. and numerous lym- 
phoid cells are found in the c('rehro-sj)inal iluid. f rom the resulting 
destruction of brain siihstance in cerebral malaria manifold symptoms 
of central ni'rvous disturbanci' may arise, including epik'ptiform 
attacks wliich may follow malaria, at widely different inti'rvals. 

Malarial aniblpopia.- In rnri' instances a comatose ixuineious attack 
cveiitnates in hlindni'ss. Tlii' a]nl>l\oj)ia is usually transient, lasting foi- an 
hour or tv\’o only. ()n the other hand, it may lx* juusistc'nt : in wineli ease 
optic neuritis, jx'ripa pillary (cdetna, extravasation ot h'ueoeyti's, plugging ot 
rt'tinal and choroidal vessels by parasit(*s or ])igm('nt(‘d i('ueoeyt('s, and 
eons('(jU('nt nndti})l(' liamiorrhages, may lx* rojind ig the fundus. Tlu' disc 
itself is rosy or cheri’y-]tink in colour wliicli, in itself, is considm-cd diagnostic. 
If the haunorrhages are minutx' tlu'V an* discoveiahh' hy the mici ()scop(‘ only ; 
on the otlier hand, large ic'tinal ha'inorrhagc's do occasionally occur. There 
may be blurring of the edges of the discs (A])jX‘lbaum and (h'lfand). (In 
t he modern lit('ratnr(‘ of malaria tlu're are very scant references to t lx' fundus 
changes, llaynaud in 1802, in a monograph, descrilx'd tlu' fundus change's 
in great detail, and de Mussy in 1872 lii-st de'seribed retinal ha'morihag('s.) 
These fundus change's difh'r from those in cjuininc' amblyopia. In the- lattc'i', 
depending on retinal anarnia from toxic* s|)asm of the ait('rioles, the* aml)ly<'])ia 
is more' ])ersistent : the discs are': white and the* ve'sse'ls shrunkc'ii ; tlu'ie' are 
no inflammatory sym])toms ; anel eientral vision is the first to i('cove*r. 

Oilier cerebral Jodhs. — IJosides tlu'se by [ii'rpyre't ie* and ('omatose' 
conditions, other forms of ce'rehral attack may occur in the' course' of 
malarial fevers. Thus, there may be sudden deliriiun ending in coma 
and, perhaps, death; conditions simulating rc/‘c/uY>-,s7u7/u/ nirnifajitis ; 
delusional insaniiy ; denicniia ; acufe alcoltoHsni : \ arious forms of 

apopleciicAiko conditions and of parali/sis. com[)licated, it may be, with 
aphasia. Ht'iziires of this description, if not fatal, may ('yiailiiatc' in 
permanent psifcJiical disturbances, Avit.h a te'neh'ncy to suicide. 
Temporary ddtility, or eyen e*omplet(‘ loss of memory, may su('(*e(Ml 
severe malarial infoctietn. 
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Einboiisfu of ccrchroi (•((jnllarics. — Tl]eB(; cerebral attacks an; now 
explained and, it aj)pears, correctly exjdained, by the supposition, 
founded on actual ])ost-niorteTn observation, that they depend on 
einbolisin by malaria parasites of the capillaries of the various nervt;- 
centres involved : in hyperpyrexia, the thermic centres ; in aphasia, 
Broca’s convc)lution. iMonoplegia or hemiplegia, and so on, inay 
result from implication of s})ecial brain areas. By microscopical 
examination of ])ro])('rly ])repared sections of the brain in fatal cases, 
such a plugging of lie* vessels can, as a ruk;, ])e r(Nidily obs(^rv(‘d. In 
association with this condition focal d (‘general ions of the brain sub- 
stance also have b(‘en noted (Fig. 7). 



I'iv:. 7. Malarial irranuloma. Brain section showinii: 
pluji^inji^ of capillaries of cortex. {Arrhir fur Schijfs- 

toul 1' rojtt'tihiftfifiir .) 


Aloju 1 'oi;ms. The algid forms of ix'rnicious attack, as indicated 
l)y the name, are characterized by colla])se, extreme coldness of the 
surface of the body, and a tcmdency to fatal syncope. These symptoms 
usually coexist with eh'vated axillary and rt'ctal temperature. 

Gastric Jorin . — This may l)e associated with, and in a measure 
be dependent on, acute catarrhal dyspejdic trouble. It is accoiii- 
I)anied by sev(‘re epigastric distress, tender retracted abdomen, and 
incessant vomiting. The vomited matter may contain blood. 

Choleraic form . — JNlalarial attacks are sometimes accompanied 
by choleraic symptoms. The stools suddenly become loose, profuse, 
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and numerous, but generally not so profuse or colourless as 
the rice-water discharge which pours from the patient in true 
cholera ; they retain a certain amount of biliary colouring, and may 
be mucoid, or even bloody. As in cholera, the serous drain may lead 
to cramps in the limbs, loss of voice, pinched features, “ washerwoman’s 
fiTigers,” almost entire suppression of urine, and perhaps to fatal 
collapse. The high axillary temperature, if present ; a liistory, maybe, 
of recent ague fits ; the subsequent rapid cessation of choleraic 
symptoms on the appearance of tJje hot and sweating stages ; the 
colour of the stools, and other collateral circumstances, usually su/lice 
for diagnosis, particularly if they are supplemented by a microscopical 
examination of the blood. Although not usual, recurrence of the 
choleraic symptoms may take place at the next fever period. This 
dangerous type of malarial fever was noted in Salonika and Palestine 
during the Great War, and is said to be prevalent in the Punjab. 
Without the microscope its true nature may be hard to recognize. 

Dysenlmc forms. — Another form of pernicious attack is charac- 
terized by the sudden appearance of dysenteric symptoms, by se\’ere 
and recurring hsematemesis, or by haemorrhage from the bowel or else- 
where. The possibility of a suddenly developed hajiiiorrhage of this 
nature from the bowel being of malarial origin must therefore be kept 
in view ; particularly if, in what at tirst sight appears to be ordinary 
dysentery, the axillary temperature is found to be abnormally high. 

Occasionally, in the Editor’s experience, it has bt^en possible to 
demonstrate intracorpuscular subtertian malaria parasites in stained 
preparations made from the stool. M. Arafa has described the sig- 
moidoscopic appearances in which diffuse hypenemia and swelling of 
the mucosa are observed as in bacillary dysentery, and in ])reparations 
made from the ulcerated surface he was able to confirm the diagnosis 
by finding subtertian crescents in the exudate. 

Hceniorrliagic forms. — As in purpura, so in these pernicious attacks, 
haemorrhages may occur in almost any organ. When this takes place 
in the brain or spinal cord it may produce a monoplegia, a diplegia, 
or even a complete hemiplegia. The effect of those paralyses may 
be transient or permanent. 

Purpuric licemorrhages intn the skin may be generally distributed 
over the body. They are of rare occurrence, and are commonly 
associated with better-known phenomena of malaria fever. 

(JUdema. — General anasarca with chronic subtertian malaria has 
been noted in debilitated subjects as, for instance, in war refugees in 
Greece and in the great Ceylon epidemic of 1934. Wickramasuriya 
noted oedema in 40 per cent, of 357 cases specially investigated in 
pregnant native women. 

Syncopal form. — In the preceding types of pernicious algid malarial 
attack the dangerous symptoms mostly show themselves in the rigor 
stage of the fever. There is yet another form in which the danger 
appears to depend on an exaggeration of the symptom usually hailed 
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as bringing relief and, for the time, freedom from danger. Thus 
the sweating of the stage of defervescence may be excessive and cause 
collapse which, if the patient rise up suddenly or make an undue 
effort, may lead to fatal syncope. Weak and cachectic patients, 
therefore, should be warned of this possibility. Death from suddenly 
developed cardiac failure is common in the pernicious forms of sub- 
tertian malaria, and is due to the severe toxic fatty degeneration of 
the myocardium (Dudgeon and Clarke). 

Acu/e hcemolytic ancemia . — There is a rapidly developing and 
progressive anaemia in the fourth or fifth week of a primary subtertian 
attack, comparable only to what is seen in the most advanced stages 
of pernicious anauiiia. Those cases are characterized by great pallor 
of mucous membranes and conjunctivje, cardiac distress and dyspnoea, 
haemic murmurs, and retinal liaunorrhages ; the blood-picture by a 
blood-count of under 1,000, 000. extreme leucopenia, a reduction of 
liaBrnoglobin to 10 per cent, or uiuhT, and the appearance of macrocytes 
and megaloldasts in the blood. The pathology of these conditions 
indicates the haunolytic natun‘ of the malaria toxin and its action 
upon the bone-marrow, which shows megaloblastic res})onse. In 
(ionseqiKUice of the bone-marrow changes and the inhibition of 
leucocyte production, suffcu'ers from subt(‘rtian malaria are more 
susce])til>le to secondary infections of all kinds. 

Rarer clinical forms of subtertian malaria. — Pulmonary 
forms have been described, with congestion of the pulmonary vessels 
and bronchitic S3miptoms. liare cases with ra[)idly developing anasarca 
and ascit(*s were observed in Macedonia and in Palestine during the 
(Jreat War ; and, lastly, oedematous forms with ne})hritic signs, such 
as the presence of blood-cells in the urine, have been noted. Gangrene 
of the toes, and disturbances in the vaso-motor mechanism, as in 
Eaynaud’s disease, have been met with in subtertian malaria. 

A practical experience of these suddenly developed pernicious 
fevers of the tropics teaches that we should never make light of any 
malarial attack, particularly^ if it be of a mild irregular character and 
imperfectly controlled by quinine, and if small parasites, or the crescent 
form, be j)resent ; the practitioner should bo on the alert for, any 
danger signal — mental aberration, restlessness, tremor, peculiarity 
in behaviour, alteration in knee reflexes, and other indications of 
grave implication of the nervous system. It further teaches that 
the subjects of such fevers should be particularly careful to guard 
against chills, fatigue, insufficient or unwholesome food, etc. 

Malaria in pregnancy. — The development of peniicious 
symptoms is liable to occur in pregnant women infected with Plas- 
viodiurn falci'pnruw . Cerebral manifestations in late pregnancy arising 
unexpectedly, without any previous malarial history^, may give rise to 
serious diagnostic difficulties. The majority are diagnosed as eclampsia. 
The epileptiform in pregnancy is better termed “ the eclamptic.” A 
lucid interval is very liable to ensue in consequence of intravenous 
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quinine therapy and is liable to lead the inexperienced pliysician 
astray. 

“ Latent ” malaria is very apt to persist in pregnancy only to he 
woken up during ])arturition, or lactation. Wickrainasuriya, wlio lias 
ad(a|uate]y surveyed this subject, finds that malaria can modify the 
course of pregnancy by spontaneous interruption before term ; indeed, 
malaria per se is a far more ])otent oxytocic than any drug, especially 
in the ill-nourished who are also infecti'd with ancylostomiasis. Intra- 
uterine death of the foetus is fairly freipuait. whilst clinical a,nd 
pathological (‘vidence jioints to malaria as a jiowerful predis])osing 
factor in the toxannias of ])regnancy, such as j)n^-(‘clampsia, eclampsia, 
and “ nephritic ” toxiemia. In subtertian malaria alhuniinnria, and 
oahana of renal origin make their appearance. Hypertimsion, that, 
most important criterion of prc'gnancy toxannia, is often noted, 
(treater dangers are to be anticipated when the diseas(^ occurs in the 
later than in the* (Nirlier monttis of pregnancy. 

Malaria in small children.— ^lalaria, especially of the 
subtertian ty|)e, is jiroportionately a much nion^ s(‘\(*re distaise in 
childnm than in adults. Ilenign tiTtiaii malaria frequently produc(‘s 
the na^st alarming symptoms in babies in arms, but it is not necessarily 
very severe and is easily controlkal ; it is ollu^rwise in subtiTtian 
malaria, wliich is (‘specially liabk' to assume the C(‘rebral form in the 
young, and must always b(‘ regarded in a stirions light. 

Complications.— Subtertian m ila.ria may comjilicate, or be 
complicaled by, almost any other disease; a common and very fatil 
terminal eviait is ])nfMnnonia of either tin* lobar or brom'hoqmeiimonii; 
variety, noticeable in the indiuaiza epiihmiic of 1918. \\ hen associated 

with enteric, tliis greatly complicates th(‘ clinical ]>ic(ur(*. The sanu' 
may be said of IIk' main forms of dysentery. Pulmonary tuberculosis 
is very liable to siqiervene in caclartic cases. It should be noted, 
too, that a malarial relapse may take jilace after any surgical o])(‘ration, 
or after jiarturition, or sijock or strain of any description, in ii suh/Vet 
previouslj^ infected ; and surgeons in the tropics would do W(‘II to bear 
this fact constantl}^ in mind. 

A phenomenon occasionally observed in pernicious attacks, 
especially in those of an algid type, is the flooding of the peripheral 
blood with vast numlx'rs of parasites, it may be at all stages of 
development — gamettjs as well as schizonts. The prognosis in such 
cases is usually bad. On the other hand rare instances are seen whi'ii 
this occurs in an attack of average severity. 

Alalarial “ orchids ,'' — Orchitis occurring in the course of a malarial 
attack may be due to the presence of parasites in the testes. Oases 
have been reported by flayer and by Pastil lo, and the parasites have 
been demonstrated in th<‘ vesstds of that organ, |)ost mortem. 

The chiej and viosi dratnatic sequel is uyidoubtedlij hlackivater fever. 
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BLACKWATER FEVER 

Synonyms. — Malarial HaBmoglobiniiria ; HaMiioglobiniiric Fover. 

Definition. — The disease consists in an acute hoBmolysis of the 
red Idood-corpuscles, which liberates the luemoglobin into the blood- 
streani, and in turn produces ha3moglobinuria. There are certain 
points of analogy between this complication of malaria and the disease 
known as ])aroxijsmal hcpjtioglohinuria. 

Geographical distribution.— Th<^ disease has attained its 
great (‘st notoriety, and is undoubtedly most prevalent, in Europeans 
on t la* West Coast of Africa, from Senegal to the Qiianza, but principally 
on the Congo and in the deltas of the Niger and Gambia rivers. On 
the East Coast it is also widely spread, especially along the Zambesi, 
the low(*r Shire, and the shores of Ijake Nyasa. It is far from uncommon 
on the E])per Niger, in British East Africa (including Tanganyika 
Territory), in Uganda, in North and South Rhodesia, in Abyssinia, in 
Ibe valley of the U])])(‘r Nile aiid in Algeria. It is also common in 
some j)arts of i\ladagascar. 

In America it is found, but not so extensively as formerly, over 
the Southern States of tla* Union, chietly Florida. Georgia, Alabama, 
Mississi})pi, Arkansas, and Texas ; but it has also been prevalent in 
North Carolina and \’irginia. It, is found, too, in Central America ; 
in the Giiianas, where it has been studied by (nglioli : on the Upper 
Amazon ; m the plains of Veiu'zuela : and in the West Indies : but 
it lias (lisaj)p(*are(i i'roni the (’anal Zone since the introduction of 
anti-malaria ?neasures. 

hi Europe it is ro^tricted to Bulgaria, i\facedonia, wliere it is very 
common, Albania, (freeci*. Sicily, and Sardinia. A few cases may have 
b(‘(3n recordiMl in Central Italy. 

in Asia it is re]:)orted from Palestine, especially the Jordan valley, 
from Tonquin, the Malay Peninsula, Formosa, from India, particularly 
Bihar, Assam, Darjeeling, the Terai, Dooars, Meerut, and Amritsar, 
from Burma and Northern Siam, and from the province of Yunnan, 
China. Jt occurs in many of the malarious islaiids — Java, etc. — of 
the East(‘rn Archipelago; also in New Guinea and the Solomons. 

j^lackwater fever occurs not uncommonly in England in indi- 
viduals of both sexes who have been infected with subtertian malaria 
in M’est Africa and other highly malarious countries. In these people 
it is apt to break out after exposure to cold, overdosage with alcoliol 
or quinine*, within a period as long as eight montlis after tljeir arrival 
in a temperate climate. Such cases are, as a rule, very acute and the 
mortality-rate is 50 per cant, or even higher. 

Epidemiology. — At times black water fever appears to assume 
an epidemic form. It may not be seen for years in a district, and 
then numbers of cases may occur within a short time. Very often, 
as is the case in yellow fover, the magnitude of an “ epidemic ” may 
depend on the number of susceptible persons — new arrivals, it may 
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be other than Europeans — within the endemic region ; as, for instance, 
Bengali clerks in the Punjab, Egyptians in the Sudan, Chinese imported 
into British Guiana, negroes in Panama, and Central African natives 
when taken to the high altitudes of the great African mountains. 
Thus it broke out among the labourers employed in making the canal 
through the Isthmus of Corinth, and attacked the Chinese labourers 
on the Congo Eailway. It is recorded that more than 60 per cent, 
of the European medical casualties in the German East African force 
under von Lettow were due to blackwater fever. 

Blackwater was until recently rare in West African negroes, but it 
is as frequent in Arabs and Hindus as in Europeans ; amongst the latter 
fair people appear more susceptible than dark. Beyiitjens, and also 
Chesterman, emphasize that, under normal conditions, the negro child, 
during its first year of life, escapes blackwater though it frciquently 
dies of malaria. When, however, it is protected against the effects of 
malaria by quiniiiization, it becomes susceptible to blackwater. 

The occurrence of several cases in the same family may not be 
pure coincidence, but probably is explained by exposure t(j a common 
factor. This has given rise to the term “ blackwatt^r-fever houses ” 
ill certain districts, especially in Bhodesia, but when investigated 
they are proved to bo bungalows with exceptionally bad surroundings, 
and highly malarious. In British Guiana Giglioli has observed the 
same features — the tendency for blackwater to occur as a family 
or house disease, and for it to appear in a given locality at ajiproxi- 
niatoly the same period. 

A)tiology. — The aetiology of blackwater fever has been the subject 
of considerable controversy, much of which is now a matter of history. 
At present it is generally recognized to be the result of repeated attacks 
of, or continuous infection with, subtertian malaria. 

Drug theory. — Those who favour this theory believe that quinine, even in 
small doses, may produce the manifestation of blackwater fever in patients in 
whom the malaria infection is latent. But quinine, even in poisonous doses, 
never produces blackwater fever in healthy, people or in persons uninfected 
with the subtertian parasite, and a special hypothetical idiosyncrasy has 
therefore to be assumed. Possibly the issue has been confused by the fact 
that in susceptible, but otherwise normal, individuals the administration of 
quinine may produce a transient haemoglobinuria, as in the instances cited by 
Manson, Gordon Thomson and Macmillan; whenever it is given, haano- 
globinuria develops within an hour. The fact remains that blackwater fever 
was known long before the introduction of cinchona bark into Euro])e ; 
indeed, it was known to Hippocrates. 

Connal, in Nigeria, has recorded 24 cases of severe blackwater in negroes 
who had never taken quinine and has demonstrated from the death-rates 
that regular quinine -takers are less liable to a fatal attack than those who 
have taken this drug in an irregular fashion. His figures are : 

Regular takers . . . . .19-23 pt-r cent,. 

Irregular takers . . . . . 25-(X) ,, 

Seldom takers . . . . .38-62 „ 
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MiihJens and Knabe have published a case of extraordinarily pronounced 
quinine susceptibility in a young seaman from West Africa. It was found 
impossible to accustom him to quinine ; less than 1 grain of quinine urethrane 
produced blackwater. On the other hand, his tolerance to plasmoquine 
was unusual — a total of 4*75 grm. failed to banish the parasites from his blood. 

BlackwaU'f fever may supervene after the administration of plasmoquine, 
and of aiebrin in the Editor’s experience, while Foy and Kondi have 
recorded two eases which commenced on the first and third day after a full 
course of atcbrin and in a third case haemoglobiniiria appeared in a boy of 
five on the fourth day of atebrin treatment. It seems that any drug of 
value in the treatment of malaria may predispose to blackwater fever. 

Malaria theory.— \t has been observed that, although blackwater fever is 
co-endemic with malaria in several regions, it is not so in all parts of the 
world. It has its own peculiar distribution, being absent or very rare in 
many fever-haunted places. It is exceedingly common among the few' 
Euroi)eans w ho live on the West Coast of Africa, and it is also met with on 
the East Coast, though to a lesser extent ; but it is practically unknown 
among the many thousands of Englishmen who live in the fever haunts of 
India and elsew here, and it is of (Comparatively frequent occurrence in malaria- 
infeck'd individuals shortly after their arrival in a temj)erate climate from 
the tro])ics. To Decks and James in Panama must be given the credit of 
delinitely associating th(c subtertian malaria parasite with blackwater fever 
and of successfully demonstrating that measures devised for suppressing 
malaria are singularly etticient in extirpating blackwater fever. 

The production by James of blackw’ater fever, in paralytic subjects 
artificially inoculated with certain strains of subtertian malaria, and the 
analogous effects brought about by massive infection of monlveys (Macaca) 
injected with Plasmexliuiti knoivlesi, have shed a new light on tliis subject. 

In thera))(‘utie malaria no case of blackwater has ever been observed in 
association with 1\ rirax infection, but solely with P. falciparum. 

A condition resembling blackwater fever has been described by Schiiffner 
and Snijders in Sumatra. The patient died twenty hours from the onset, 
and leptospira* rescunbling L. icterohcpmorrhugioe were found in all organs, 
but esj)ecially in the liver and spleen and in the kidney, in which situation 
they occurred within the urinary tubules. Benign tertian parasites w'ere 
present in the blood as well, while inoculation of blood into guinea-pigs 
[)roduced a transitory pyrexia, but not the deep icterus of Weil’s disease. 

Predisposing causes. — Individuals of all ages and both sexes 
are liable, but from consideration of the facts already put forward it 
is obvious that it occurs more frequently in European men of mature 
years who live in the countries where the disease is endemic. At one 
time race was considered an important factor. In Africa, Europeans, 
Indians, and Chinese are attacked, while the natives enjoy a relative 
immunity : this is probably not racial but an active immunity acquired 
by infection with subtertian malaria daring childhood. Negroes who 
live in places which are free from this disease develop blackwater fever 
as readily as Europeans, if they are exposed to the same conditions. 

Plehn mentioned serious outbreaks of blackwater fever among 
negroes on the Cameroon mountains, those who come to the coast 
from the interior being especially attacked. 
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Oilier predispurfiijg causes are debility from previous illness, bad 
food, hardships of all kinds, dysentery, etc. It has been stated again 
and again that Europeans are rarely attackial within the first year 
of residence in a blackwater-fever country, though cases have been 
reported after so short a residiaice as three or four months, and ex- 
ceptional attacks may develop in those who have not jm‘\ ioiisly shown 
definite symptoms of malaria. 

Of a similar nature is the dramatic occurn'iico of black water h'ver 
in apparently healthy persons who have arrived in Ihigland at the 
expiration of their duty, or on leave. Instances of this kind liaA'e 
frequently come under the Editor’s personal observation, and they 
may, or may not, be preceded by a typical attack of malaria ; l)ut 
as often as not the patient gives no jirevious history of fever while in 
residence on the West Coast of Africa, or elsewhere. The explanation 
of these cases apjiears to be that the subtertian malaria infection is 
lying latent^ until aroused into activity by the exjiosuro to cold, 
alcohol, or some other factor. Circumstances such as these invariably 
explain the occurrence of blackwater fever outsider the endeiidc ar(‘a. 

It has been noted that this disease observes a rough seasonal incidence ; 
it is especially frecpient in late sunnner and in autuinn in the southern states 
of the American Union. On the West Coast of Afrit'a it a])pears to be most 
j)revalent at the close of the rain>^ season, or in August and Sopternbe^r; 
in Central Africa and Nyasaland, especially in the highlands, a maximal 
incidence is seen during the w ettest months, May to August, w hen the lowv'st 
temperatures are registenai. In Southern Jfhodesia, where the hot rainy 
season and the dry cold season are sharply (h‘fined, the malarial inc,idenc(‘ 
increases following the rains in April : that of blackwiiter fever immediately 
rises also, and is maintained from March to July. During the Croat War, in 
Salonika and in Palestine cases of blackw'akir fever occurred among the troops 
solely during the cold w inter months. This (toincick's, as has already been 
said, with the incidence of the disease in England. 

Mechanism of haemolysis. — The mechanism of the production of hinmo- 
globinuria in blackwater fever can only be given in rough outline, as tluu’e 
are various points that are not yet settled. A liberation of haemoglobin into 
the plasma— hamioglobinaemia — takes place, and can be demonstrated if the 
blood-serum is examined the moment the attack occui's ; probably by the 
time haemoglobin appears in the urine a large })roportion of the red blood- 
corpuscles have already been destroyed. The haunoglobin is thus excreted 
by the kidney, and causes the typical cylindrical j^ugs in the renal tubules, 
which rejnesent coagulation of highly albuminous Inemoglobin-containing 
exudate. The haemolysis is rapidly accompanied by the appearance of 
bilirubin and methaemalbumin (pscudometJKjemoglobm) in the blood-stream, 
and this accounts for the characteristic icterus of the disease. At tlu? onset 
of blackwater fever there is usually a sudden and noticeable contraction of 
the spleen, and it is possible that the haemolytic substances are set free into 
the circulation from this organ, but the question still remains to be answered : 
what occasions this reaction — what pulls the trigger ? It has been shown 

^ Subtertian rings arc, in the Editor’s experience, not infrequently encountered in new 
arrivals from West Africa, who have no fever, enlargement of spleen, or any clinical evidences 
of malaria. 
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that the adiiiiiiistration of ({iiiiiiiK; may Hplenic contraction and may 

also cause destruction ot a certain niiinher f>t (‘rythrocyteH, hut it certainly 
Avill not (‘Xt)lain ewry case. 

Nocht finds that quinine greatly intensifies the luemolytic action in vivo 
of heterogeneous luernolytic amboceptors, cobra venom and lysozithin, but 
has no effect on that duo to toluylenediamine and phenylhydrazine. This 
effect was not seen in experiments performed in the test-tube. On the 
contrary, however, quinine assisted the haemolytic action of lecithin in the 
test-tube, but not in the animal body. Nocht believes that the unknown 
haunolytic substance of blackwater, when present in large quantity, can 
])roduce blackwaUT as a result of cold or over-exertion, but in smaller amounts 
the stimulating effect of quinine is necessary for it to bring about a haimolytic 
cirisis. Therefore three factors are necessary to produce an attack of black- 
water: (1) an interior hamiolytic factor, the result of malaria ; (2) lowered 
chohistcTin content, so that the protective effect of this substance is de- 
creased ; and (3) quinine. 

It has been shown by Ni‘ave Kingsbury, employing the van den Bcrgh 
reaction, that in 90 per cent, of cases of uncomplicated subtertian malaria 
tli(‘ serum bilirubin is above the normal figure, which is taken as 0-5 units, 
and consequently urobilin derived from the serum bilirubin is found in patho- 
logical amounts in the urine of these cases. In blackwater fever and in 
HC'vere subtertian malaria this excess of bile leads to bilious va^miting. Under 
normal conditions the reticulo-endothelial system of the body decals witli 
the products of luemolysis by splitting the haematin (the iron-containing 
[)art of hauTioglobin) into an iron-free pigment, bilirubin, and an iron-containing 
])igment, hamiosiderin. The bilirubin is excreted by the liver, resulting in 
an increased flow of bile. The enlargement of the spleen in malaria and in 
the blackwater-fever state may be due to the hypertrophy of the reticulo- 
endothelial system, and at the onset of black wa ten fever the spleen is usually 
\ery large; and tender. Normally, in a severe case of subtertian malaria 
there is haMnoglobimemia, or the liberation of free luemoglobin into the blood- 
scTum, but this is immediatedy dealt with by the reticulo-endothelial system, 
w Idle in blackwater fever the liberation of hyemoglobin is so extensive and so 
lapid that the renal threshold for free haemoglobin is broken dov^ n and the 
pigment appears in the urine. It is important to realize that even when 
ha;mogl(jbinuria occurs, most of the haeinoglobin is broken up by the usual 
mechanism and only a relatively small proportion — 17 to 3(3 per cent. — is 
excreted in the urine. 

According to Pearce, before the kidney will excrete hiemoglobin the 
blood must contain at one time more than 0 06 gnu. of free ha3moglobiii 
])er kilo of body- weight, and moreover it has been ascertained that an amount 
equal to 17 c.c. of laked blood- corpuscles is necessary in order to produce 
haunoglobinuria in man, so that it is possible to have a state of haemo- 
globimemia without haemoglobinuria. It is apparently more a question of 
the rapidity with which luemolysis takes place, rather than the degi*ee. 

Pairley and Bromfield have now shown, by quantitative methods, that 
methiemoglobin is the predominant pigment present in the plasma in this 
disease, and that it has an extracorpuscular origin from oxyhaemoglobin 
liberated during an intravascular haemolysis of circulating corpuscles. In 
blackwater fever there is, firstly, haemolysis of the corpuscle and, secondly, 
conversion of the liberated oxy haemoglobin into methaemoglobin and 
methaemalbumin, and these facts render it improbable that the cause is a 



MALARIA 


true haemolysin or direct drug effect on the corijuscle. A inucli more attractive 
hypothesis is that there is some derangement of metabolism associated with 
chronic subtertian malaria infection, which is precipitated by the administra- 
tion of quinine or plasmoquine and gives rise to a potent haunolytic substance 
which first lyses the corpuscles and secondly acts on the liberated oxy- 
hsemoglobin. 

Methaemalbumin is described as a new pigment in the blood in blackwater 
fever. This is a brownish pigment resembling methaemoglobin spectroscopically, 
but not reduced by Stokes’s reagent or ammonium sulphide. Methremalbumin 
(formerly known as pseudomethsemoglobin), being a non-threshold substance, 
never appears in the urine. It has been investigated by Keilin at Cambridge, 
who reports that it is a peculiar haemoglobin derivative with a normal prosthetic 
group, but the globin portion of the molecule is undoubtcsdly modified. The 
spectrum has the general appearance of methaemoglobin with the bands shifted. 
Although it does not reduce with Stokes’s reagent the comj)ound contains 
a trivalent iron molecule. It can be produced artificially by the addition of 
serum to alkahne ha>matin, and has undoubtedly in the past been confused 
with it ; and it has by no means yet been determined whether the pigmt^nt 
is, in fact, a combination of haematin and serum albumin. 

Evidently the haemolytic agent may be present in variable quantity in 
different cases, and at different stages of the same case. The plasma bi- 
carbonate shows, usually, a definite mcrease, and a definite lowering of the 
alkali reserve is associated with urea retention in all cases, and clinical 
evidence of acidosis is developed, necessitating alkaline medication. Acidosis 
may develop in the absence of oliguria and ketonuria. 

Of special importance in the genesis and prognosis of blackwater 
fever are the biochemical aspects as summarized by Ross (1932). Of 
these, probably the blood-urea is the most important ; the amount 
of urea in the blood is invariably raised, especially in cases wnth 
threatened suppression of urine. Yorke, Murgatroyd and Owen have 
shown that the blood-urea commonly rises in uncomplicated cases of 
blackwater to 65 mg. per cent, on the fourth day of the disease, whilst 
in severe and toxic cases of subtertian malaria there is a tendency for 
a rise in blood-urea to take place ; percentages betw een 27 and 52 mg. 
per cent, were recorded, and in one of the Editor's cases a figure as 
high as 207 mg. was recorded. Ross found in Rhodesia that the results 
in four cases of blackwater wnre within the normal range, and did not 
indicate in any way that an acidosis of the blood-plasma had taken 
place. 

Dudgeon has shown that haemolytic substances can be extracted fiom 
the tissues, and actually from the urine, in blackwater fever, and that similar 
substances can also be extracted from cases of subtertian malaria. 

The analogy of the mechanism of haemolysis in blackwater fever 
and in paroxysmal hannoglobinuria — diseases which closely resemble 
each other in their general symptoms — has attracted a considerable 
amount of attention. It has been found that if the blood of a case of 
paroxysmal hsBmoglobinuria be withdrawn and the serum separated, 
then cooled to freezing-point, and subsequently warmed to 37° C. 
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with the addition of the patient’s erythrocytes, an active ha3moIysis 
takes place. This does not occur in blackwater-fever cases. The 
test by which this fact is brought out is known as Yorke’s autolytic 
reaction.^ 

The theoretical considerations which underlie this reaction are complicated, 
and concern the mechanism of immunity, the proportion of substances 
known as the immune body and as complement. In the serum of 
paroxysmal hsemoglobinuria^ the immune body is greatly in excess of the 
complement, whereas in blackwater fever the reverse obtains. 

Ilacie, Israels and Wilkinson have drawn attention to paroxysmal haemo- 
globinuria of the Marchiafava type, the (jhief characUM’istics of which consist 
in ana?mia of chronic haemolytic type, associated with jaundice, and persistent 
luemoglobinaunia. Autohamiolysis was demonstrated in vitro and shown to 
be defKendent on the pH of the system. It has been shown that it is a nocturnal 
haemoglobinuria, and that the urine is clear by day. The pigment is found 
to be methaemoglobin. 

Symptomatology. — It is doubtful whether one can speak about 
an incubation period in blackwater fever, but it has been noted in 
Central Africa that an attack may occur eight days after exposure to 
malaria, and Arkwright and Lepper, in their series of cases, state that 
the maximal interval between the first recognized attack of malaria 
and the first attack of blackwater hwer was ten years (in one case), 
and that the minimal period recorded was fifty days. 

Borne clinicians recognize a clinical condition wliich, for want of 
a better term, may be described as a pre-blackicatcr state. Sometimes 
a suspicion may be (‘iigendered that blackwater may be imminent, 
and it is wise to be on the look-out for the following clinical signs : 
The patient is one who has passed through several slight attacks of 
fever, or at any rate has been infected with the subtertian parasite for 
several months. The complexion is sallow, the conjunctiva icteric, 
the liver enlarged, congested and tender, the tongue furred, the spleen 
g(aierally enlarged, and constipation is the rule. Persistent headache 
is usually complained of. The urine is dark, due to the excretion 
of urobilin, and contains a slight amount of albumin. On examination 
of th(? blood, scanty ring-forms of the parasite may bo found, but it is 
a noteworthy fact that cases of subtertian malaria with high fever 
and large numbers of parasites in the peripheral blood do not, as a 
rule, develop blackwater. 

'^riie 07iset of blackwater fever is usually sudden. A slight or, 
more generally, a very severe rigor is followed by intermitting, or 
remitting, or irregular fever with marked bilious symptoms. The 
pyrexia and rigors do not seem to be the effects of the malaria para- 
sites as much as of the sudden liberation of the products of 

*{1) Blood placed in incubator at 37° C. at once; no haamolysiB. (2) Scrum kept at 
0® C. for 6-7 mins., then in incubator for an hour with erythrocytes ; hmiuolysis. (3) Serum 
kept nt 0° C. for an hour, then in incubator with erythrocytes ; little hojmolysis. 

• Donath and Landsteinor have shown that in this disease hmmolysis takes place in the 
peripheral blood, and that cold is the exciting cause. 
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haemolysis. In other words, it is a kind of “ protein shock.” Earlier or 
later in the attack, usually during rigor, the patient becomes conscious 
of aching pain — perhaps severe — in the loins, in the region of the 
liver and spleen, which are enlarged and palpable, and over the bladder. 
In exceptional instances these local pains are absent. In consequence 
of a somewhat urgent desire ho passes water, when he is astonished 
to see that his urine has become very dark in colour, perhaps malaga- 
coloured or, possibly, almost black. The fever continues, though it 
is not necessarily very high. Very likely he suffers from epigastric 
pain and distress, bilious vomiting to an unusual extent and, it may 
be, bilious diarrhoea ; or he may be constipated. Idie pain in the 
loins and the liver-ache continue, and the urine becomes darker and 
darker. By and by the sufferer breaks into a profuse sweat, and th(‘ 
fever gradually subsides. The urine, which hitherto may have been 
very abundant, or perhaps somewhat scanty, now flows freely ; and 
after passing through various paling shades, from dark brown to 
sherry red, l)ecomes once more natural in appearance. Usually, and 
coincidently with the appearance of the dark colour in the urine, or 
even before this has been remarked, the skin and scleras rapidly acquin' 
a deep saffron-yellow tint. This icteric condition })ersists and even 
deepens during tbe progress of the fever, continuing for S(‘\'eral days 
to be a striking feature in the symptoms. Occasionally bile-pigments 
are present in the serum ; more usually free litTiuoglobin can bo demon- 
strated spectroscopically. When tho fever subsides the patient is 
conscious of a feeling of intense weakness, from which he recovers but 
slowly. Fever, with or without rigor, may recur next day, or for 
several days ; or it may cease ; or it may be remittiait, or almost 
continued, in type. Tho haomoglobinuria may recur with each rise of 
temperature, or there may be onl}^ one or two outbursts ; it may 
continue for an hour or two only, or it may persist, off and on, for 
several days or even weeks. 

In the more severe form of haunoglobinuric fever there is usually 
a very great amount of bilious vomiting, of intense epigastric distress, 
and of severe liver- and loin-ache. The urine may (aaitinue copious 
and very dark in colour ; or, continuing luernoglobinous, it may 
gradually get more and more scanty, acquiring a gummy consistence, 
a few drops only being passed at a time. It is considered that tlu^ 
kidneys may excrete up to 86 per cent, of the total haunoglobin in tht‘ 
blood, though this by no means represents the total amount libcTated 
in many cases of blackwater fever. Finally, urinary excretion may 
be completely suppressed. 

In severe cases death is the rule. It ap])ears to be brought about 
in one of three or four ways. The fever may assume the typho- 
adynarnic type ; or suddenly-developed cerebral, hyperpyrexial, or 
algid symptoms may supervene. Hiccough is a fatal symptom. 
In other cases tho symptoms may bo like those consequent on sudden 
and profuse ha3morrhage — ^jactitation, sweating, sighing, syncope. 
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Death may take place from sudden lieart-failure after slight exertion, 
or from exhaustion consequent upon cyclical vomiting, or from sudden 
luemorrhage from st(.>mach or bowel. Or it may l)e that suppression 
of urine, persisting for several days, terminates, as cas(‘S of suppn^ssion 
usually d(^, in suddt^n syncope, or convulsions and coma. More rarely, 
nej)hritis may ensue and the patient die from uraunia three or 
four we(?ks after all signs of hamoglohinuria and f(‘ver have disappeared. 
Some suporimj)os('d infection, stn*ptococcal, septicfcniic, or pneumonic, 
may (‘iisiu^ and he the cause of death some weeks after apparent 
recovery. One attack of black water appears to ])redispose th(‘ 
individual lo a second, and second attacks, or inon* than two, have 
been noted in Nigeria in about 20 pc‘r cent, of cases ; according to 
Ste})h(‘ns, sixti^ai is the largest number recorded. It is necessary 
to lav special stress on these jioints, for when a man has suftered and 
nK'ovt^ed from two attacks, the third is geiKU'ally fatal. 

IMackwater fever is highly dangerous to pregnant womrai. during 
parturition or during the ])U(*rperium. Particular care should always 
be taken lo guard women in these circumstances from malaria, 
es])ecially in districts in which the subti^rtian parasite is most pn'valent. 
ddieir blood should be frecpiently examined and they should take 
])roj)hylactic courses of atebrin from time to time. In the literatur(‘ 
rrports of such cas(‘s are rare. Thomas and ^lilh'r relate a remarkable 
case of blackvvat(‘r during pr(*gnancy of the thirtieth week with delivery 
of a dead fadus in tlu' middle of the attack. The patient’s life was 
savuMi by nqx'ated blood and dri[) transfusions and the cas(? was still 
further compli(‘ated by a seviav attack of bacillus coli ])yelitis. 

Srquehv . — Amemia and debility are the c(uumon se(|uels of a black- 
water-fever attack, but usually, under hygienic conditions, the recovery 
of th(‘ j)ati(‘nt to normal is astoundingly rapid. A curious seqiud is 
cholelitbiasis, owing to tlu? formation of pigmenttal biliary calculi 
from inspissat ion of bile in the gall-bladder. K. D. Fairley originally 
drew attention to this pbenonuaion in a casi* of blackwater fever in 
Australia, and th(‘ Editor has sinc(' had two cases in which this was 
noted thnn; W(H*ks aflta’ tla^ cessation of blackwatc'r and in which the 
])igment(*d calculi were dtanonst rated at operation. 

77/c Kvinv . — If the characteristic dark-brown, generally acid, 
urine of a hiemoglobinuric' cas(^ be stood for some time in a urine glass, 
it will sef)arate into two well-marked layers ; an u])per of a clear 
though very dark port -wine tint, and a lower — perhaps amounting 
to one-half or one-third of the (uitire bulk- of a somewliat brownish- 
grey colour, and consisting of a sediment in which an enormous number 
of hyaline and luemoglobin tube-casts are to be found, togetht*r with 
a large quantity of brownish granular material. Epithelium is also 
met with. Jilood-corpuscles may be entirt'ly absent, or very few 
in number. With the luemoglobin there is also an escajx' of the serum- 
globulin of the blood, for the urine, in many cases, turns almost solid 
on boiling. The precipitated albumin carries down with it as it sub- 
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sides the dissolved and suspended haemoglobin, leaving a pale-yellow 
supernatant urine. For some days after the urine has regained a 
normal appearance it will still contain albumin, though in gradually 
diminishing amount. Spectroscopic examination gives the charac- 
teristic bands of oxyhaemoglobin, as well as those of metha>moglobin. 
The appearance of oxyhseraoglobin is usual in very severe or 
fatal cases, inethaBinoglobin in the less severe or mild, in wliicli 
the prognosis is more favourable. After the disappearance of 
the blood-pigments, urobilin can usually be demonstrated in patho- 
logical amounts. 

Eye complicatiojis . — Haemorrhages into the retina sometimes occur 
during the course of blackwater, and the Editor has seen a case of 
altitudinal hemianopia where there was total blindness in the lower 
half of the visual field. 

Mortality. — This varies greatly in dilYerent epidemics, in the 
same and in different places, and under the same treatment. Some 
cases are so mild and transient, amounting, perhaps, to a single 
emission of haBmoglobinous urine, with little or no fever, that they 
are unattended with risk ; on tlie other hand, a practitioner may 
encounter a run of severe cases in which nearly all die. Some old 
residents in Africa have passed through teri or more attacks with 
impunity, hi Southern Nigeria and in Algeria the case-mortality 
has been as high as 50 per cent., but, as a general average, it may 
be put down as about 25 per cent. 

Sequelae of malaria. — The term malarial cachexia is a])[)li(*d to 
a group of conditions, more or less chronic, believed to be the result 
of an antecedent attack of severe malarial fever, or of a succession of 
such attacks, or of prolonged exposure to malarial influences. 

The leading symptoms are those of arrdBinia, characterized by 
the peculiar sallowness of the skin, yellow sclerotics, enlargement 
of the spleen and, it may be, of the liver as well. As a rule, the subjects 
of cachexia are liable to frequent and irregular attacks of fever, though 
in highly malarious countries it is not unusual to see cases in wliich 
fever has never been a feature, or it may have been very mild in 
character. In such countries a large proportion of the population 
have enormously enlarged spleens, causing great protrusion of the 
abdomen, together with much emaciation and dry, rough skins. It 
is said that in some intensely malarial countries children are occasion- 
ally born with enlarged spleens ; in rare instances they are infected 
through the mother in uicro but it is probable that in most cases 
they become inoculated with parasites immediately after birth 
{see p. 62). 

In the young the general growth of the body is stunted and puberty 
retarded, and abortion and sterility are common effects of malarial 
cachexia in adults. 

The s])leen may become so enlarged under repeated attacks of the con- 
gestion attending a succession of fever fits, or in consequence of a leas active 
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and perhaps feverless haeinolysiH, that it may eome to w(;igh many pounds, 
and so to increase in bulk as to occu])y nearly the entire abdomen. The 
capsule of the gland, particularly on its convex surface, is thickened, and 
perhaps the seat of fibrous patches, or even of adhesions to neighbouring 
organs. Many of the trabecul® forming the framework of the gland become 
greatly hypertrophied. On section, the tissues of such a spleen are found 
to be moderately firm, and usually of a reddish-brown colour ; but when 
death happens soon after or during a febrile attack, section of the gland 
shows a dark surface from deposit of htemozoin, the pulp at the same time 
being softened. Perhaps from over-distension, some of the vesst^ls in the 
interior of the gland give way, and then there is a breaking-down of the 
spleen pulp in patches, the remains of splenic tissue floating about in 
the extravasated blood. 



Fig. 8. Schuffiier*s method of determining 
degree of splenic enlargement. {After 
Dr. L. ir. Ilackctt.) 


“ Splenic index .'' — There are practical points in connection with 
malarial spleen which deserve mention. The relative absence, or 
prevalence, of these enlarged spleens or “ ague cakes ” in the native 
population is an excellent rough indication of the salubrity or the 
reverse, as regards malaria, of any particular district. Wherever 
they are common the district is malarious, and therefore unhealthy, 
perhaps to Europeans deadly, and should be looked upon as extremely 
unfavourable for either camping or residential purposes. 

Another practical point is that these enlarged spleens are easily 
ruptured by a blow on the belly ; this fact must be remembered in 
administering even mild corporal punishment to natives of malarious 
countries. Splenic ruptures are, of course, unless immediately 
operated on, generally fatal. Occasionally the spleen may rupture 
spontaneously owing to rapid increase in size in the course of an attack 
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of fever; but spleiKH'iomy (bx^s iioi, ntx'essaiilv ('ladieali! Ilii' malarial 
infection from tla^ body. 

In estimating the airionnt of maJai’ia in a eommimity 1 ]j(‘ “ sj)leni(* 
index has been found to be most reiiabJe. Jn oilier words, cliildren 
betA\('(ai the ages of two and ten form tJie only safe gnid(? (Stephens 
and ( iiristo])hers), lor among tin; inhabitants of a. V(Ty malarious 
eountry tJje adults are more or less immim(‘ and lludr s))l(‘(‘ns are 
diminished in projiortion. The infantile s])ltH‘n rati* per r(Otf. is the 
basis of tb(‘ endemie malarionsness of a locality. It is necessary to 
gmard against the tend('ncy to o\(‘r-estimate tlu^ \ alue of tla* sj)leni(‘ 
index. J>arb(T. in tlu* PhilippiiK'S, working with cliildri'ii 5-10 years 



of. age, obtained a s])l('nic. imh'X of Vd.n and a parasite index (d II. 
Wilson and Claris, in a, surviw oi 1,100 Haitian labourers and 2,007 
school-childnm betwc'en 6 imd'ld years of age, found that the parasite- 
rate, determined by the tbi(dx-lilni ni(‘thod, was of far greater valiui 
in estimating tlie jirevaleiice of malaria than was the spkaiic index. 
Of 11,000 adults 28.5 jier cent, had jiositive blood-tihns and 8.08 per 
cent, had palpable spl(*ens : of 2,007 children, 50.52 per cent, had 
positive blood-films and 8 08 per ccait. ])alpable sjileens. 

The degree of splenic enlargement may be measured with the cliild standing 
up or lying down. Considerable differomaes in tlu; results obtained are given 
by the two methods, higher values being obtaiiaxl in the n^cumbent position. 
In India and in the tropics generally where gross degrees of enlargement 
are commonly encountered, the standing position is nearly always used. 
I he best method is for the child to be drawn gently across the obs(irver’s 
knee, the hand being inserted bcaieath the scanty clothing and pressed against 
the costal margin while the child is told to take a deep breath. The degree 
of splenic enlargement is usually classified in finger- breadths below the 
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coatal margin. Obviously this inothocl is liable to fallaeies. The distance 
linm the costal arch to the pubis is very difl’erent in an infant of two years 
an<l a child of ten. (.’hristophcTs ha.s devised a method by applying to the 
actual m(*aHur(‘in('nt from the costal margin to the aj>ex of the enlarged sjdecn a 
correction based u])on the ni]>ple-umbilicus length of the child. 

In the average Indian child of six years of age the four-finger spleen 
n^acdies to the level of the umbiheus. In malaria surveys, the following classifi- 
cation is generally ado])ted : 

Spleen-rat/C greater than 50 i)er cent. — Hyperendemic. 

Spleen-rate 25 per cent, to 50 per cent. Highly endemic. 

Spleen -rat(‘ 10 ])(tr cent, to 25 per cent. - ModeraUdy endemic. 

Spleen -rate less than 10 |)er cent. ^ Healthy. 

The child spleen-rate gives the measure of endemicity, the average 
enlargement that of intensity. 

Schiiffner’s metlaKi of estimating splenic enlargement has many advocates : 
a line is drawn along the left costal arch and a second line parallel to the 
first is traced from the umbilicus ; these two lines are bisected by a third 
passing through the apex of the spleen (Fig. S). 

Occasionally an enlarged spleen has to be differentiated from a patho- 
logically enlarged left congenital cystic kidney ; this has usually a rounded 
lower pole and a smooth round margin. An area of ix'sonance can be elicited on 
its anterior surlace, caused by the resonant band of the descending colon, 
ddu* urine contains albumin anci casts. Considerable care is sometimes necessary 
in the accurate ])alpation of the .spk'cn. This is best done by using the radial 
asjx^ct of the right index linger with the abdomen relaxed and the j)atient 
recumbent on his right side, with left arm extended (Fig. 9). 

Tiic parasifc index is a simple percentage figure calculated from 
the number of persons actually showing parasites in the peripheral 
blood at the time of examination. Figures for cliildren and adults 
should he ke])t separate, as the spleen-rate falls with age more rapidly 
than dof^s the parasite-rate, which shows how many adults of a 
community are really “ healthy carritTS.” 

Tli (3 parasit(‘-rate should always he obtained from the study of 
thick as well as thin films. From a study of curves prepared from 
spleni(3 and ])arasit(} indiees according to age, it is found that tliey 
run })arallel to a remarkable degree. The parasite index as a sign 
of infectivity is more reliable up to five yTars of age, after which to 
the age of twenty-fiye it is on an average 10 per cent, less reliable 
than is the splenic index. 

Changes in the liver . — Like the spleen, the liver in malarial cachectics 
becomes enlargc^d during accessions of fever. Under the influence of 
a succession of acute attacks, hepatic congestion may gradually acquire 
a more or less permanent character. 

It is in livers of this description that a form of what is called 
siderosis is produced— a condition resulting from chemical changes 
undergone by the yellow pigment with which the various cells of 
the organ are charged. When first deposited, tliis pigment gives 
no ferrous reaction with ammonium sulphide, or with the double 

7 
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cyanide uf iron and putassiunj ; as the deposit becunies older, clienjioal 
changes ensue, resulting in the elahoration of a foiin of iron ^vhich 
will then yield the characteristic hlach colour with tli(‘ I'ormer, and 
blue colour with the latter reagent. (Se(' p. 70.) 

Changes in the kidneys and the heart .- — Changes similar to those i’ound in 
the liver in the course, and in consequence, of malarial disease occur in the 
kidney ; in time they result in confirmed Briglit’s disease ; especially is this 
true in (juartan infections. Hence, probably, thc^ frecpiency of Bright's 
disease in some highly malarious climates. As a consequence of defective 
nutrition from prolonged anamiia and recurring fever, the muscular tissue 
of the heart in chronic malarials may degenerate, th(' v('ntri(‘les dilate, and, 
in time, the lover extremities become mdeunatous. 


Immunity in Malakia 

In the course of malarial infection a certain degree of toh'rance 
may develo]). 

In heavily-infected endemic districts, malaria is specially jmone to 
appear in small children, and of these a })roportion die early, while 
others acquire a degree of immunity through repeated reinfections. 
It has often been remarked that dark-skinned children having (‘iiormous 
spleens and a rich stock of malaria parasites in thdr blood, run about 
fever-free, and apparently in robust health. As these children grow 
up their immunity becomes stronger and, after twenty ^TTirs of age, 
they may remain quite free frojii clinical signs, and even splenic 
enlargement may disappear. 

It is accepted generally that malaria, like other })rot()zoal diseases, 
differs from bacterial infections in that the causative ])arasites do not 
disappear but remain in the body, where a balance is t^stablishtal 
between the resistance of the organisms and tlu' inherent tendency of 
the parasites to increase. Sergent, Barrot and Donatien have coined 
the term '' jn'emwiiiion'' to characterize the inconipletcaiess of this 
immunity. 

Taliaferro and his associates have assigned an important role to 
the reticulo-endothelium in this process. A parallel state of alfairs has 
been found by Cannon and I’aliaferro to obtain in birds infected with 
Proieosovia. Ziemann and otluTS have endeavoured to distinguish 
between immunity to the toxins and that due to the parasitivs. In tin* 
latter case they disap])(‘ar gradually from the body and the occurriaice 
of a fresh infection is thereby rendered impossible. 

It is well known that the negro in Africa, although h(i do(!S get fever, 
dues not get it so frequently or so severely as does the European, although 
the latter is less exposed to infection. Amongst the Malays Scliutfner observed 
an immunity to the malaria parasites as described by Ziernann. Of the 
young children, 38 per cent, were i)arasite carriers, while in the older subjects 
it was as high as 50 per cent. The index in adults was 8-11 per cent. Of 
those examined, 92 per cent, showed enlargement of the sjileen. Christophers 
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(1924) foiiiul the same conditions in India. In most districts in the tropics 
all three classical forms of the malarial parasite occur, and therefore immunity 
is produced against all three. In an untreated population, it is found that 
among childnm the benign tertian parasites disappear most rpiickly, the 
fpiartan ])arasit(‘s come n(‘xt and the subtertian jiersist the longest. Tliis 
is also the case among adults in whom the ring forms of the parasite 
])rt‘dominat<i while the cri'sientic, forms are very scanty. Several observ^ers, 
including lllacklock and Gordon, have mentioned the presence of large 
numbers of subt(‘rtian parasites in the placentas from premature births and 
miscarriages, and malaria is undoubtedly the not infrequent cause of such 
misliajis. It is gcn(‘rally held that a racial immunity against malaria exists, 
or is actpiircd, by those races which have for generations been exjiosed to 
ini'cction. 

an* midoubti'dly individuals tvlio possess an innate ininiunity 
against malaria, even when tliey are residing in heavily-infected districts. 
It is usually ass(‘rt(‘d that the famous explorer Stank^y was om^ of these, 
tl. (I. Thomson estimated that the process of acquiring tolerance to 
malaria (k'mands (‘ontinuous (‘X})osur(* for about fifteen years. Recent 
(‘xjx'rinients by /lames and others with induced malaria seem to indicate 
that a certain degrtM* of immunity can la* acquirerl through hyp<*r- 
inf(‘ction, hut that the immunity is not entirely sjiecitic even for a 
certain s|K'cies, hut only for a c('rtain strain of parasite. Bagster 
Wilson has now shown tliat in non-immunt‘S the suhtertian parasite is 
monomorphic, characterized by minute rings and multiple ci'll- 
infection, whilst m immum* p(‘rsons the parasites are largt^r and 
polymor})hic. 

It is considerations such as these which inay explain the sudden 
and severe outhn*aks of malaria in (‘iideniic districts. No success has 
so far atteiidi'd the efforts to dt*monstrate the actual presence of inunune 
bodies in tin* blood of malaria patiimts. Sometimes meteorological 
causes combine to r(*n(k‘r conditions more favoural)k‘ for the develop- 
mt'nt of the transmitting anojiheles with conse(juent increase and 
spri'ad of th(* dis(‘as(‘, as in tin* Ceylon epidemic of 1984. 

Again, mass immigration from malaria-free districts may caust* an 
outbr«'ak of the dis(*ase, as in the case of the Ranama Canal, and in the 
many (uit breaks which occurri'd during the Great War. Subsequently 
the Grt'eks re])atriated from Asia Minor suffered from serious epidemics 
with a. high mortality in malarious endemic arc'as in Greece. The 
wi(k‘spread malaria (*[)iih‘mic in Russia in 1920 could he traced, for the 
most part, to the migration of a half-starved population. 

Siriton, who has given considerable attention to this aspecd of immunity 
b(‘lieves that there are two mi'thods of attack upon the malaria parasite 
and its toxins, viz. (a) a cellular, and (b) a humoral one, and that these two 
fac'tors arc; closidy associat(‘d and act in combination. 

The e(d hilar factor is didinitely establishi'd in the destruction of malaria 
])arasites by macrophage cells. Primarily the host reacts to the infection 
by an inert^asi* in the numlKU- of thest* cells ; later an ai ti \ specific phago- 
cytosis comes into being. 
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We are luiich less certain about the nature of the humoral factors ; in 
the case of acquired ini muni tv there is certainly a development of specific 
antibodies and they arc probably produced by the macrophage system as 
the result of stimulation of ingested parasites acting as a specific antigen. 
'J'he element concerned may be a lysin, or possibly an opsonin. Antitoxic 
substances are also probably produced, and there is sonu' evidence to show 
that a certain degree of passive immunity can be traiisferri'd by the injection 
of serum from an immune subject. 

Diagnosis of the Four Clinical Varieties op Malaria 

The recognition of the various forms of malaria parasite in tlie 
peripheral blood entails a knowledge of blood examination. For 
the details of this and of the methods of staining the blood the reader 
is referred to the Ap})endix, p. 1023. Some workt^rs prefer the thick- 
drop method (Appendix, p. 1021) as offering a more certain chance of 
discovering the parasites when they are scanty in the peripheral blood, 
but it is by no means such a certain method of distinguishing the species 
of parasite. 

Bearing of quinine, atebrin and other drugs on 
microscopical diagnosis. — it is of little use to (‘xaniiiK^ tla^ blood for 
the intracorpasciilar forms of the malaria jiarasite after full doses of 
quinine have been taken ; the drug rapidly brings about tla^ disa})pear- 
ance of this phase of the parasite. Tla^ crescent, or gainetocyte, of tla* 
subtertian parasite is alone unaffected by quinine, and in suitable cases 
may be found for wetdvs after the jiatient is cinchoniz(Hl ; on the other 
hand plasmoquine has a sek‘ctive action on this iorin [nee p. 115). 
Changes in the red blood-corpuscles are soiiietimc'S of assistance ; a 
definite increase of the large mononuclear cells above 15 jier c(‘nt. is 
suggestive. 

Gordon Thomson and others hav(^ suggested that a eoniplenK'nt-dt'viation 
test , using an emulsion of an organ rich in parasites, as well as artificial cultures 
of the plasmodia as antigens, may ])rove to be a distinct aid to diagnosis. 

About 28 ])er cent, of malarial bloods in the acute stage of tlu^ dis(‘as(‘, 
when parasites are jilentiful in the jx'ripheral blood, give a ])ositive Wasser- 
mann reaction ; but this is not so in either the chronic or the quiescent stag<*, 
a fact whi(;h has to be borne in mind in excluding syjihilis in a malarial subject. 
Saunders and Turner (1935), who have reviewed this subject, believe that 
these reactions are not strictly specific, but that malaria in the acute stage 
gives rise to anticomplementary reactions. 

Diagnosis of malaria by the therapeutic action of quinine. 

— It is imforfunately true that, in countries where malaria exists, 
any case of hner is diagnosed as such, and the practitioner may be 
called in only when a considerable amount of ((uinine has been taken 
and has failed to achieve the desired results. Unfortunately, too, 
a good many practitioners are in the habit of relying unduly upon the 
th(Tiipentic. action of this <lrug, without V(‘rifying their diagnosis by 
microscopic examination. 



DIAGNOSIS FROM CASE HISTORY 


101 


Diagnosis from clinical signs. — The most important clinical 
sign is periodicity of the fever, which occurs in its most typical form 
in the tertian and quartan infections ; in the subtertian, how- 
(wer, th(* fev(‘r nia}^ be most irregular, and there may be no pyrexia 
at all. 

l^jiilargenient of the spleen is a common clinical sign in all forms 
of malaria. In old-standing infections it may be very large indeed, 
and occupy the greater part of the abdominal cavity (“ ague cake ”), 
1)11 1 in early, and it may b(‘ very severe, cases tlie spleen may not be 
sensibly enlarged at all, and it therefore fails entirely as a clinical guide ; 
usually, howt'ver, in the absiuice of splenic (‘nlargemi'iit, splenic jyain 
is often pri'sent during the attack. Mon‘over, the patient may be 
sulYering from some totally dilTerent disease, and the palpal)le spleen 
may l>e the nsult of a long-standing malaria infection quite uncon- 
iH*ct(Hl with the attack in (juestion. 

To the clinician accustomed to many cases of fever, the general 
a])pearanc(‘ of malaria patiimts, the bright glistening eye, set in rather 
a dusky orl)it., contrasted with the pale and ochreous complexion, com- 
bine to cr(‘at(* ail almost diagnostic app(*arance. 

(i()ldf(‘der (193()) dc'scribcs an eye symptom both in latent and chronic 
malaria. Th(‘ v(‘ss(‘l8 arc su{)erficial, and in fact apj>ear as if raised above 
the surface of the ocular conjunctiva ; they are of a larger calibre than the 
other conjunctival vessels, and iire darker in colour than other surface vessels. 
When the eye is din^ctly forwards they have a wavy outline. 

Diagnosis by the patient’s history. — A suddenly developed 
fever arising in a previously healthy person who has recently arrived 
from a malarious country usually turns out to bo a case of malaria 
fever. In instances of this kind the patient will generally give a 
history of similar attacks while resident abroad, but there are exceptions 
to this rule, for, occasionally, residents of tropical countries may 
devehjp their first attack of malaria shortly after arriving in a cold 
climate, and this attack, aggravated by the conditions, may run a very 
s(‘vero course ; this is (‘Sj)ecially the case with reciait arrivals from the 
West Coast of Africa, and it is true for both benign tertian and sub- 
tertian intections, the j)arasite lying dormant in the blood-stream, it 
may bo as long as eight months and, in the case of the former, one 
year or mon‘. 

An actual description of the febrile attack itself may be suggestive. 
The rapid rise of temperature, the history of the cold, the hot, and 
the sweating stages, the rapid defervescence of the fever, and the 
subsequent sense of well-being, are more characteristic of a malarial 
attack than of any other febrile disease. At times periodicity is a 
trustworthy enough clinical test. Tcrtinn and quartan pcriodici/// 
ornir only in nialarial disrasc. 

He.nnjs sero-jloccHUttiou test. -From an examination of two kinds of 
pigment derived from Ineinoglobin — the ochre-coloured ferruginous j)igment 
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and the melanin — it was considcTod probable that pigments would produce 
antibodies in the blood of diagnostic importance in the form of a 
flocculation test. Accordingly the fcrro-flocculation and the melano- 
flocculation tests were devised. 

Malarial sera give flocculation reactions with rnetharfer — albuminate of 
iron with suspension of melanin. A series of six test-tubes are set up, each 
containing 0-2 c.c. of test serum. To each tube in serial order add 1 c.(;. of 
the reagents : 1 : 450 rnetharfer in distilled water, 1 : 4800 albuminate 

of iron, 1 : 6(X)0 albuminate of iron, 1 : 4800 albuminate of iron in 1-in-lOOO 
salt solution, and 1-in- 1000 salt solution as a control. The tub(^s are placed 
in the incubator at 37^ C. for 11 hours. In other tests a imilanin suspension 
alone is used. The melanin is obtained from th(' choroid of an ox’s e^^e, 
which is scraped and ground up with twice its volume of distilled water, 
formol being added as a preservative. It is then filtered through lightly 
packed glass-wool, centrifuged for eight minutes at 4,000 revolutions. 

The suspension is kept in sterile tubes in the i(‘e-chest and left for one 
month to become stable before use. The results are read with a V'ernes- 
Bricq-Yvon photometer. The flocculation is said to ])ersist long after the 
disappearance of the parasites and other signs of malaria. 

Benhamou and (hlle think that the reaction dcj)ends upon an imu'ease in 
the euglobulin in the serum and diminution of chnl(‘stcrin-seruni-albumin. 
Brandt and Horn, using albuminate of iron, consider that a positive result 
is obtainable in inoculated malaria. 4’he final r(\sults n'conlial in (h'orgia in 
a large seri(\s of malaria cases an‘ somewhat ind('finit(' ((Jnoehvili and 
Keigueloukhes). IVoske and Watson (I‘,)3fl) have investigated this method 
anew and have endeavounul to make the test, more gener'ally adaptabks 
using the tyn^sin-chroniogenic iiuhex in place of tin* photometer. In normal 
blood sera they find that the tyrosin imlex for eiigloi)ulin fluctuates between 
50-80, whilst that for serum from malaria ]iatients raiig('s from 8f) -280, or 
higher. The test is non-sj)ecific, t)ut its high sensitivity in malaria promises 
to make it a useful adjunct in laboratory diagnosis. Actually, th(‘. b'st was 
found to be indicative of the [iresenee of malai'ia in 97*4 per cent, of known 
cases examined, compared Avith 81-9 per cent, positivt'. thick films. 

Wolff (1939) has elaborated a mnv jnodifieation which dispens(‘s with 
elaborate apparatus. This is the Buffer l‘reci}>itatfon 4’est (B.P.T.), which 
represents a further jnodifieation of Chorine’s method. aims at th(‘ 

])recipitation of euglobulin undj^r stabilized conditiems of buffer solutions 
arrang('d in sets of diffei'j'nt //H concentrations. It is c;laimed that th(' 
diagnostic value is at k'ast as high as that obtained by other serological 
malaria tests. 

Diagnosis by splenic puncture. - A( cording to Knowles, 
Acton, and das Gupta, the sph‘cn appears to function as the grave 
rather than the l>irtliplace of the malaria jjarasite ; tliendore spleen 
puncture may, exceptionally, be used as a nndJiod of diagnosis esp(Maally 
in chronic and relapsing cases due to the benign ttatian yjarasite. In 
films from such a jjuncture the observer sees malarial pigment, Ijoth 
free and intracorpuscular, and remahjs of malaria parasites under- 
going disintegration. The recent experiences of Toy a,jid Kondi in this 
direction in i\racedonia have j)rovt‘d disappointing. 
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Provocative methods of diagnosis. It lias been nnled, partic ularly by 
Italian observers, that exposure to undue fatigue or cold is apt to bring 
on an acute attacU of ni.ilaria fever in latent cases, thus rendering detection 
of the parasites in the pcaijibcral blood eomjiaratively easy. It is suggested 
by some, though to others it may not a])pear justifiable, that a patient in 
whom malaria is suspected should be made to climb a high mountain and 
expose himself to cold at a eonsid(‘rable altitude, in order to provoke an 
attack. 

ddiere arc other methods which have been emjiloycd in order to cause 
the jiarasites to appear in the peripheral blood ; such are the subcutaneous 
or muscular injection of normal serum or other substances producing protein- 
shock, with strychnine, nitroglycerin, iron, ergotin, pituitary extract or 
adrenalin. The intravenous injection of salvarsan is sometimes followed 
by a similar result. X-rays applied to the spleen, and ice-packs to the 
abdomen, are other ])rovocative methods. It is said that the most efficacious 
measure is the intravenous injection of 2 c.c. of adrenalin h 3 ^drochloride 
dissolved in 3(K) c.c. of normal saline, and that this procedure results in the 
immediate reduction of an enlarged spleen, with the ajipearance of the 
parasites in the peripheral blood {.stc Ascoli’s method, p. 114). 

De T.ang(*n and others have shown that the number of parasites in the 
peri})heral blood may be greatlv increa.sed after exercise, a process which 
drives the parasites out of the blood reservoir in the internal viscera where 
they tend to accumulate. 

DiFFEHKNTIAL IIlAG.NOSIS of iNlALAIUA AND OF BlACKWATEU 

Ffa'kr 

The differential diagnosis of malaria entails a knowledge of all 
fevers, both tropical and non-tropical in origin ; but tliere is one 
point to be borne in mind, for which there seems to exist at present 
no adequate scientific explanation, namel}’, that in patients who have 
suffered for some time from recurrent malarial attacks, the tempera- 
ture of a subsequently contractiHl febrile disease, for example measles, 
may show a ])eriodicity foreign to its usual character. 

In lu'patic abscess, altluiugh the liver is enlarged the spleen is not 
necessarily so. In hepatic abscess the fever occurs generally, though 
not invariably, in tlu' latt‘ afternoon or evening. 

In bilious remittent malaria the icteric tinting of the skin is an 
earlier feature ; albuminuria is not so common and general!}' not 
niarloal ; tiunperatun' is maintaiiu'd high for many days, not subsiding 
in thrc'e or four days as in yellow fever. 

Many of the diagnostic diflicultii's which formerly existed have 
beim obviated by the introduction of modern methods. 

Without the microscoja* it is sometimes impossible to ditYerentiate 
typhoid types of malarial fever from genuine enteric in the early stages. 

Tb(^ following, also, arc often mistaken for malarial fever : Cerebro-spinal 
meningitis ; fever of urinary origin (sometimes renal calculus) ; the fever 
attending the passage of gall-stones, or inflammation of the gall-bladder ; 
that associated with pyelitis and surgical kidney ; perineal abscess ; lymphan- 
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gitis, particularly that form associated with ('Icphaiit iasis and other fdarial 
diseases ; undulant fever ; relapsing fever : trypaiiosoiuiasis ; kala-azar ; 
the fever associated Mith tuberculous disease, with ulcerative endocarditis, 
with some types of ])ernicious amemia, with s])lenic leucocythaemia, with 
visceral syphilis, with pulmonary carcinoma, with rapidly growing sarcoma, 
with forms of hysteria, and with many obscure and ill-defined conditions. 

Differential diagnosis of special forms of subtertian malaria. — 
As has already been indicated, there is a natural tendenc^^ for medical men 
unacquainted with the chnical forms which subtertian malaria may assume, 
to diagnose its various symptoms as manifestations of some other disease. 
Even surgical conditions, such, for example, as appendicitis or other acuU? 
abdominal disorders calling for urgent operative interference, may be sus- 
pected. The following statement is based upon actual diagnoses which have 
been made on clinical grounds alone, without the confirmation of a micro- 
scopic examination, but which subsequently proved to be cases of subtertian 
malaria : 

(a) Cerebral femm of subtertian malaria are apt to be mistaken for 
sunstroke, heatstroke, mental derangement, hysteria, alcoholism, 
aphasia, convulsions, epilepsy, cerebro-spinal meningitis, or even 
plague. 

(h) Ahdonmwl forms, for dysentery, both amcebic and bacillary, cholera 
or paracholera, intestinal obstruction, appendicitis, biliary colic, 
cholec3^stitis, ha?morrhagic pancreatitis, or liver abscess. Malarial 
appendicitis can be distinguished on clinical grounds by over- 
coming the muscular defence by patient palpation, from th(‘ 
subsequent passage of faeces and flatus, the dicrotic, full pulse, 
the flushed facies, and the rapid fall in temperature following 
upon a profuse sweat. 

(c) Palm on ary forms — i.e. malarial pyrexia with pulmonary congestion 

and myoc^arditis — for bronchitis, pneumonia, and jileurisy, esjx'ci- 
ally on the left side (due to congestion of spleen), disordered action 
of the heart or even valvular disease. 

(d) Those with cutaneous petecJiice, for measles, endocarditis, or purpura. 

(c) The febrile cases with remittent pyrexia, for influenza, rheumatic 

fever, enteric*, jihlebotomus fever, trench fever, paratyphoid, or 
relapsing fever. 

(/) The icteric cases, for yellow fever, Weil’s disease, or infectious 
jaundice. 

(g) The cachectic cases, for acute nephritis, pt^rnicious anaemia, spleno- 
medullary Icucocythaemia, debility, or pulmonary tuberculosis. 

{h) GMematous forms, exceptional cases with general anasarca, ascites, 
and polyuria, may be mistaken for beriberi ; a general mdema may 
be the only outstanding sign in a heavy subtertian infection. 

Differential diagnosis of blackwater fever. — TI k3 diseases 
wdth which blackwater fever might be confounded are — (1) 
paroxysmal haunoglobinuria ; (2) bilious remittent malaria ; (3) 

yellow^ fever ; (4) infectious jaundice. If it be borne in mind that 
rigor, haemoglobinuria, pyrexia, are all in evidence at the outset in 
blackwater fever, and also that blackwater fever is acquired only in 
certain countries, an error in diagnosis is improbable. 
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Prognosis of Malaria and of Blackwater Fever 

As a general rule, malaria is a uiucli more serious disease in 
children than in adults, and its atta(dvs are more marked in women 
than in men. It is a serious disease in the w(;akly, especially in those 
whose constitutions are undermined by any intercurrent disease, 
such as phtliisis or dysentery. It may lead to abortion in ])regnant 
women, and the possibility of such an occurrence must always 1)0 
reckoned with. 

Prognosis of blackwater fever. — A severe attack of black- 
water fever generally rids the patient of his present malaria infection, 
])ut, as Ihe result of this very exliausting illness, his general health 
suffers for some tiiiR.* afterwards. Patients who have passed tlirough 
one attack should not be permitted to return, for a year or more, to 
an endemic centre of the disease. The course of a particular attack 
can, gtmerally speaking, be judged ])y the severity of its onset. So far 
from })rotecting against future attacks of blackwater fevcT, the patient 
appears to bo ])redisposed to this condition. Therefore, those wlio 
have survived two attacks should not be permitted to return to the 
tropics ; a third often proves fatal. 

Ap])arently mild cases in which frt‘sh paroxysms oiamr an* of grave 
import. Anuria usually indicates a fatal termiiiation. 

TBFATMKNT OF MALARIA 

General management of a case of malaria. — Every case of 
malaria with fever slioidd be nursed in ])ed and treatetl seriously, 
for sc'vere symj)toms may develop at any monuait. It is especially 
important that tht* patient should not. bt* left alone in a room, 
])articularly in subtertian infections, as he may become maniacal and 
may take his life. The room should be darkened to mitigate the 
})hot ()phobia and t he wearing of a sports shade or an eyeshade serves this 
pur})ose very well. 

Special attention should be ])aid to the patient's clothing ; his 
feet must bo kept warm with bed-socks, and during the stage of 
perspiration the bed(dothes should be freqiu'ntly changed. Attention 
to the food is also necessary. During the acute stages it is best to 
give plenty of water and lemonade to drink, while the food itself should 
b(i fluid and easily digestible. During the convalescent stages, if the 
])atient has an appetite, full diet should be substituted, and there is no 
})oiiit in denying to patients who are used to it a strictly moderate 
amount of alcohol ; beer and stout in moderation are useful. 

For three hundred years it has been almost universally believed 
that in quinine medical science possessed a genuine and specific remedy 
for this fever — a remedy unrivalled throughout the whole range of 
medicine in its potericy and effects ; but during the last ten years, 
synthetic specific remedies — plasmoquine and atebrin — which equal, 
in some respects, quinine, have been produced. 
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It is convoiiieut, at tliis point, to record the ioriiiula' oI these specilic 
drugs, which may be roughly divided into a ring system, a connecting 
link, and a basic component. 

1. Quinine Treatment 

Quinine hydrochloride is tlie form which should bo used by 
preference ; it may be obhiined in tablet form, and fiikcn well crushed 
up in water; the bitter taste is quickly removed by masticating a 
piece of bread. 

Quinine sulphate pills are to be aAoided, as they offen pass 
through the intestinal canal without being absorbed. For this reason 
sugar-coated tablets are not recommended Jor use in the tropics. Ten 
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Quinine Plasmoquine Atebriii 

grains of the quinine sulphate is rend(*r(‘d soluble in distilled water by 
10 minims of acid, sulph. dih, or acid, phosph. dil. 

Mi'lliod of disguisiug iasie of quinine . — In order to disguise the disagreeable 
taste of quinine, vvliich is so objectionable to some ])eo])le, syruj) of orange or 
glycerin (1 dr.) may be added. Quinine is rendered l(‘ss bittei- if mixed 
with milk. A preparation known as Lacquin is made by Cow and Cate Ltd. 
This is well tolerated by some people and the Editor lias had good results from 
its use. The modern preparation is a powder containing quinine ethyl 
carbonate gr. 2\ to one teaspoonful of milk powder, tlavoured with vanilla. 

Quinine-Weil is said tc be free from the bitter taste of (pjinine and in 
action similar to quinine hydrochloride. According to Vigoni, who has used 
it on the Belgian Congo, it is suitable for infants and native children. It 
contains 60 per cent, of quinine base and its formula is given as 

1^ givcH in tlic Same doses as quinine. 
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Dosage of quinine. — The maximum dose of quinine for an adult 
European is somewhere in the region of 30 gr. (2 grm.) per day. For 
some infections 20 gr. suffices. Hitherto, on the whole, in the tropics 
there has l)(‘en a tendency rather to over- than to under-dosage. With 
prolonged (jiiinine treatments it is not advisaljle to give more than 
10 gr. a day. 

For children ahout one-twentieth of the adult dose for each year 
of age is recommended, so that a child of five years would receive 
omequarter of aii adult dose. Heyond fifteen years of age the dose 
is that of an adult. 

Quinine anihUfopia is generally the result of intense quinine 
poisoning aftcT a dose of HO-lOO gr. In exceptional cases, with an 
idiosyncrasy to the drug, temi)orary blindness has followed even 
moderate doses. ()th(;r symptoms, such as mental confusion and 
coma, may accom})any the amhlyoj)ia. 

Quinine idiosifnerdsij. — It has been pointed out hy Dawson and 
(larhade that an indication of this state may he obtained hy the scratch 
test (('iidermic test of idiosyncrasy). A scratch is made on the flexor 
surface of the forearm and a drop of l-in-lO solution of quiniiK^ applied. 
(Edema with a zone of erythema will result if the test is ])ositive, and a 
saline control should he made at tin* same time. It has not been 
found possible to desensitize by this method : in fact the subjects 
a])p(uir to heconui even more sensitive'. 

Quinine in ])re(fn(incy. — Fare should he exercised in giving quinine to 
})r(‘gnant women, for undoubtedly, if administered in large doses, it may 
sonu'tina'S cause miscarriage. The fact of ])regnancy, however, must 
not del)ar the use of the drug altoge-ther ; only, in such circumstances, 
it should he given in tlu; minimum dose likely to he effectual, say 3 gr. 
n'peatiid eveuy eight hours for two days. A preynant woman will run 
fuorc ns]; of niiscarriaye and of detriment to her health Jrom repeated ague 
fits than from a reasonahte dose of quinine. Indeed, Acton concluded 
from his pharmacological studies that miscarriage can only he brought 
about by dost's of (juinine sufficiently large to poison the patient. 

Taken in ])rophyla(‘( ic doses it does not interfere with menstruation, 
concH'ption or pregnancy. The Editor has shown that plasmoquine 
c,om[)ound is well tolerated by pregnant women, and the administration 
is not aftiMidt'd by undue risks (.see p. 117). There is no satisfactory 
evidence that quinine has any effect on menstruation, although Cook 
is of the opinion that it increases the amount of flow. 

Quinine in the puerperal state. — It is a wise precaution in 
malarious countries to give a few 5-gr. doses of quinine during labour 
or soon after. The puer[)eral state seems to have the effect, as any 
other shock or })hysiological strain might, of waking up the slumbering 
malaria ])arasite. A dose or two of quinine in these circumstances 
does no harm, and may, by choking off a threatening fever, avert 
suffering and anxiety, and even danger. 

Excretion of quinine. -Nierensfein’s observations show that the 
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excretion of quinine is the same by whatever route it is administered. 
The drug appears in the urine within fifteen minutes, and altogether 
one-quarter of the total quantity is passed in this manner, the highest 
concentration being 7-1 1 gr. quinine base per litre (sec Appendix, 
p. 1028). Large amounts are also excreted in the faeces. 

Foy and Kondi use Wagner’s reagent for the detection of quiniic^ 
in the blood, while Vedder and Masen have still further improved the 
colorimetric method by introducing the gum-gliatti and potassium 
iodide indicator. 

Excretion of quinine in — Quimiie, even in prophylactic doses, is 

excreted in the milk of nursing women. In ordtT to demonstrate tliis, 
10-15 c.c. of milk is drawn off’ at intervals and added droj) by drop to ten 
times its volume of 96-per-cent, alcohol containing 2 j)er cent, acetic acid, 
stood for half an hour, shaken and filtered. The amount of quinine in the 
filtrate is estimated by Tanret’s reagent. Excretion commences in fifteen 
minutes and is completed in one hour. 

8inton\s alkaline quinine freutrnent . — Sinton (1923) advocated a standard 
treatment for malaria in India. The patient is first given, as an aperient, 
hydrarg. subchloride 3 gr. followed by 1 oz. of magnesium sulphate dissolved 
in twice the amount of warm water. Should nausea or vomiting b(; present, 
the hydrarg. subchloride can be given in smaller doses with sodium bicar- 


bonate. Two mixtures are given as follows : 

(a) Alkaline mixture. 

Sodium bicarbonate . 

oi 

(3-89 grm.) 

Sodium citrate 

gr..vl 

(2-592 grm.) 

Aq. dost. . . .ad 

si 

(28-42 c.c.) 

(h) Quinine mixture. 

Quinine sulphate 

gr.x 

(0-648 grm.) 

Citric; acid .... 

gr.xxx 

(1-944 grm.) 

Magnesium sulphate 

5i 

(3- 89 grm.) 

Aq. dest. . . . ad 

5i 

(28-42 c.c.) 


Oiher forms of quinine. -Kuquinine or eucfnnine, the (^thyl carbonate of 
({uinine, has the advantage of being almost tasUdess, an important })ropei ty 
in the case of children or fanciful patients, and, according to Fletcliei-, it is 
as effective as the more familiar salts of quinine. On the other hand, some 
tasteless preparations, such as quinine tannate, are useless, owing to their 
insolubilit}^ in water. 

Quinine alkaloid is almost insoluble in water, but has in con.sequence less 
of the bitter taste than the more soluble salts, and ai)])ears to be absoibed 
from the intestinal canal. 

Quinidine has an action upon the benign tertian parasite comparable to 
that of quinine. 

Continuous drenebing with quinine is of little use ui persistent 
cases. It may be necessary, even in benign malaria, to give a course 
of intramuscular injections in order to cut short tlie fever. It has 
been found that cases of general paralysis treated therapeiiticallv 
with inoculated malaria are extraordinarily amenabh) to (juinine 
I reat.nient. 
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Quiuine given in regular dosage is known as anti-relapse treat- 
ment. Opinions differ as to the best course to pursue. It may bo 
said that it is advisable to keep up the quinine for three months, either 
by the so-called week-end system, 80 gr. on each of two consecutive 
days, or 10 gr. once a day for six days. 

If the spleen is tender, the application of a mustard plaster or a fomentation 
often gives relief. It is generally held that the absorption of quinine is greatly 
assisted by the administration of arsenic, and indeed in times of scarcity 
this drug has been administered in the routine treatment of disease. It is 
usually given in the form of liquor arsenicalis, 5 min. three times daily. 
The arsenic may be combined with iron in order to (jornbat the anaemia, as 
in the following prescription : 

Liq. arson, acid. . . . nfiii (01 78 c.c.) 

Ferri sulph. .... gr.ii (013 grm.) 

Acid, hydrochlor. dil. . . Tlfiii (0178 c.c.) 

Aq. dost. . . . ad gss (14*21 c.c.) 

It may be more advantageous, especially during the convalescent stage 
of the disease, to jirescribe iron and arsenic together in j)ill form, to which 
strychnine may be added, as in the following : 

Ferri hypophos. . . . gr.ii (0*13 grm.) 

Acid, arson. . . • gi"* (0*0t)13 grm.) 

Strych. hydrochlor. . . gr. (0*0013 grm.) 

I]xc. . . . (}.S. 

Two or three of the pills are given every night. 

Another method of prescribing arsenic is in the form of sodium cacodylam 
(sodium dimethylarsonate) in 1- to 1-gr. doses hyj)odermieally, as a general 
tonic and as an adjuvant to quinine. 

('inc^iona febrifuge {totaqiiina, or quinetuui) is a preparation 
containing the total alkaloids extracted from cincdiona bark, made in 
thi‘ Gov(‘rnnient factories in India and issmal in tlie form of 8-gr. 
tabhds. Owing to its cheapness it is much in use in that country : it 
is es{)ecially useful in benign tiTtian infections, on account of the high 
])t‘rc(mtage of quinidine it contains. The average composition of the 
cinchona tebrifuge made by the GoviTiiment of India is as follows : 

Quinine . . . . .7*4 per cent. 

Quinidine . . . . . 22*83 ,, 

("inchonine . . . . .18*58 ,, 

Cinchonidine . . . .5*84 „ 

Ash, etc 45-35 „ 

Thus it contains 54'G5 pier cent, of crystallizable alkaloids. The 
Java fel)rifuge contains 11*5 jier cent, of (juinine and a smaller 
percentage, 5 })er cent., of quinidine. 

Trhi’irnt (methyl-hydrocupu-ein) is a [ireparation (d’ quinine with an 
aciidine dye and a d(‘rivative of cholit- acid. The treatment consists of two 
tabhds every four hours until (K) have been taken. Four courses are given 
with an intiTval of 3-5 days between each course. Its action is said to he 
more rapid than that of quinine alone. 
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Emnofele (in })ill form) or Esayiofelina (in solution) is a drug whioh has 
been much utilized in Italy ; it comprises both arsenic and quinine. Each 
pill contains : 


Quinin(‘ bisulphatc 
Arsenious acid 
('itra t(^ of iron 
Powdered herbs 


grm. 0-09 (gr. ] J) 
grin. 0-()()()9 (gr. P, ) 
grm. 0-027 (gr. ;[) 
grm. 0-0145 (gr. |) 


Phis is \'irtiially what is known as l^accelli’s mixture. The dose for a 
child under 0 years is t\\o pills a day ; from 7-14, four ; for an adult, six ; 
as a preventive it is recommendeti that two })ills be taken every day. This 
preparation is sometimes recommended on the ground that it contains no 
quinine, but this is obviously a fallacy. 

Mode of action of quinine. -Thi' (T’feci oi‘ qiiiniin^ ou llu- 
malaria jiarasites is not yet cdc'ar and it lias yet to bo proved wlietln'r 
it is direct or indirect. 

The fact that malaria parasite's, after the addition of (}ninine-salin(' 
solution of 1 : 10.000 concentration, are still infectious aftc'r t\v('l\e 
hours is strong evidence against the Ix'lii'f in dimet, action. On the 
other hand, tending to sujiport tin' vie\v that tlie eftV'ct is a. direct one 
is the fact that torn or distorted jiarasites from wiiich tlie nucleus is 
separated can fre({nently Ix' demonstrated in (jiiiniin'-trc'atx'd cas(*s : 
somewhat similar ehangi's or “ atc'hrin forms ’’ ha\ a* Ix'i'ii ohserv('d 
after tlie oxliihition of atehrin. 

]\lany iin estigations have Ix'en d(>voted to tlu' distrihntion of 
quinine in tin' blood and organs of tln^ body ; sonu' eonsider that it is 
stored in the liver, (lic'insa, for instance, thinks t.liat tlie action of 
quinine is direct and that di'struction of the parasites takes jilace in 
the endothelium of the vascular capillaries of thos(' organs which 
accun in la t c q uin in e . 

Prol)a])ly, in C(}nij)]ele cure, both actions come into ])lay, and possibly 
direef aciion occurs first, as seen in the almost miraculous results of 
intravenous quinine injection. Furthermore, in ape-malaria it has 
been shown by Nauck and jMalamos that tho action of (juinine is not 
inferferi'd with if tin' main protective organ (V.c., the spleen) is ri'inoN ed. 

Whether administered by montli, intraniuscularly, or intravi'iiously, 
quinine is rajiidly absorbed and can be demonstrated in the uriin' 
within a (juarter of an hour, Avhilst tho rale of excretion varii'S xiwy 
much and is largely de})('nd(*nt upon the amount, and concentration <»f 
the urine. About 25 per cent, is excreted through the uriin*, 5 ])er c(*nt. 
with the fa'ces, and smaller quantities through tlie saliva and tho milk. 

Toxic effects of quinine.- Tln^ mildf'r ('ffects ari' nanst*a, 
tinnitus amium, diz/iin'ss, tremors and ])alpitat ions, and are shown by 
nearly all patients at tin^ hc'ginning of quinine medication. It is said 
that. th(ir abs(*n(M* indicati'S that tin' drug is not being ahsorbt'd. 

Idiosyiicrasif's to tln^ drug ai-(^ t'ncounten'd, whik' sonn* [n'ojib' 
Ix'eonn^ hypersensil i\ e from long-contimn*d adiriinisf rat ion : sonn' 
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(k;v(‘Iuj) (‘rii])ti()ns wiiidi iji;iy vary fruiii a JuiM erytliviiia 

werpiii^ eczeiua and even exfoliativa^ (l(Tiiia titis, and general oaleina. 

Local oalcana of Mie eyelids, as well as of the nasal and oral mucous 
Jiieinbranes, have alscj been oljscarved. Cutaneous ba’inorrhages 
approximating ])ur])ura with bleeding from the mouth, intestinal or 
urinary systems are met witli, but an) rare. Acquired sensibility to 
(piinini^ is not infn'quent, especially if the drug has been given in 15-gr. 
doses over a long ])eriod. Jf th(‘re are rises of temperature, tliis may 
b(* due to the quinine and not to the malaria, and such cases have to 
be carefully considered, if the (piinine is (iiscontinu(*d th(^ “ f('V(‘r ” 
often disaf)p(‘ars instantaneously. 

r(*rmanent deafness is ran* after quinine therapy and occurs oidy 
if (‘xcessive dos(‘s are (‘xliibited. 

Some workers believe that in subtertian malaria the exhibition 
of quiniiie increases the jiroduction of crescents (garnet ocytesj, but 
the recent (‘X})eriences of Amies go to show that this is not really 
the case. 

Another point retjuiring explanation is that quinine is more effective 
if withheld till the ])ati(‘nt has })assed through several attacks of fever ; 
and that, so-called (juinine-resistant fevers are usually jtroduced l)y 
chronic quinine intoxication. 

Injection of quinine .- — -The intnimnsruhir method is sonuUimes paiiifiil, 
and may be atteiid(‘d with some risk ; but, in the eireumstanees, such possi- 
bilities count for little. A.s indications for intramuseular injection, the in- 
etheiency of oral quinine, its non -absorption owing to severe vomiting or 
gastritis, the presene(* of severe, toxic, or ])ernicious symptoms, or of large 
numbers of parasites in the peripheral blood, may be taken as guides. 

The most suitable readily procurable salt for injection is the hydrochloride 
or, bett(‘r, the dihydroehloride, which is soluble in its own weight of water. 

In giving an intramuseular injection, a stout, })referably platinum iridium 
needle, should be driven well borne, deep into the glute‘al muscles, the skin 
having been carefully cleansed. The solution must be freshly jirepared and 
boiled, and the syringe and needle thoroughly sterilized. A syringe having a 
well-fitting glass piston and a plugging needle is the best instrument for 
giving these injections. 

The dihydrochloride of (juinine may be obtained in 5-gr. tabloids, specially 
prepared for intramuscular injection. Ampoules containing 9 gr. of quinine 
dihydrochloride to 2 c.c. of saline are on the market. One of these in- 
jections may be given into the buttocks daily for three consecutive days at 
the maximum. 

When large numbers of intramuseular injections have to be given the 
quinine solution may be put up in vaccine bottles fitted with a sterilized 
rubber cap in a solution of 9 gr. of quinine hydrochloride in I c.c. of 0-75-per- 
cent. saline. The cap is disinfectc'd and the needle of the syringe plunged 
through it into the bottle. 

The best site for an intramuscular quinine injection is the gluteus maximus 
muscle at a point on a horizontal hne with the apex of the great trochanh^r 
(Fig. 10.) This point, of course, is well above the exit of the deep-lying great 
sciatic nerve, which may be injured by plunging the needle in a false direction. 
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After the injectioji is made the part should hi' giaitlv massa^jjod so as to ditfusc 
the solution, and the little wound sealed with collodion. (Juininf ought never 
to be injected into the neigld>ourhood of large nerves or hixul- vessels, or he permitted 
to impinge npon the hone. 

It has be(‘n sliuwn that a conccntrati'd solution of (|uinin(‘ is rajiidly 
absorbed from the tissues, and that its action ujion the parasiU*s in the circula- 
tion is almost instantaneous. There appears to be no special jiurpose in 
further diluting the cpn’nine for the intramuscular rouk?. 

anterior 

bUPERIOR SPINE 



Fin. 10. — Dianraiii showing (he site for a quinine injection. 

{H(o roughs, Welhotue cC ( \k) 


From experiments on quinine solutions Martindale has suggested 'mannitol 
quinine as being the least irritating ; the combination is as follows : 


Quinine base 
Boric acid 
Mannitol 
Distilled water to 


grm. 12- (I 
grm. 8-4 
grm. TT) 
100 c.e. 


] c.e. contains ()-12 grm. (ajiprox. 2 gr.) of 
(piinine base and 0 ()84 grm. (1^ gr.) of boric acid. 


I'his injiH-tion contains a reasonable thera])eutic dose of quinine. In view 
of the work of Henry and Brow n and others, the quinine in this form should 
be more potent against the malaria parasite. 

Precautions . — It may be well to mention— not with the idea of deterring 
the practitioner from using the drug in this way, but to impress upon him 
the necessity for sterilizing the patient’s skin at the place selected for in- 
jection and keeping instruments and .solutions aseptic — that not only abscess, 
sloughing, and chronic painful indurations have sometimes followed the 
intramuscular injection of quinine, but also tetanus. (Fig. 11.) 

A localized necrosis of the muscular fibres of the gluteus ajiparently occurs 
after every injection of quinine ; this is followed by cedema and, it may be, a 
destruction of the blood-vessels, thus rendering the muscle a suitable culture- 
ground for the tetanus or other organisms which may, as we know, 
gain entrance through the blood-stream. The main point to remember is 
that this method has its uses as well as its abuses. There is no advantage in 
repeating the injection day after day in approximately the same spot ; if 
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tliis is pcrsistf'd in, extensive^ iiucrosis and Inuinorrha^^u may rusult. In addition 
to tetanus and ahHcess-forniation, gas gangrene and general streptococcal 
septieaprnia liave Ix'iui observed. Injection into or near the great sciatic nerve 
lias resulti'd in jiaralysis of the leg. 

In tlH‘ ojjiiiion ol tlie, Editor three iiitrainuscnlar injections of 
(piinine in the dosage advocated are (juitii suflichait to tide over the 
p(‘rnicions syin})ton)s of malignant malaria and to save the patient’s 
lihe (’ontiniK'd pyrexia, liowever, does not necessarily indicate that 
parasites are still aidive in the tissues. 



Rg. II.— ^Quinine abscess of buttock, developing ten weeks after 
last quinine injection. {Orig.) 


QuiniiH' injections are often followed hy the formation of fibrous 
nodules, the size of an almond, at the site of the injection. Thest' 
])ersist for many years and give rise to a great deal of inconvenience ; 
th(‘y may even break down and suppurate many" years afterwards. 
The Editor has seen two such cases in which supjmrating sinuses 
formed at the site of (juinine injections giviai 25-80 years previously. 
In one case a suppurating granuloma, 2i inches in diameter, somewhat 
resembling a sarcoma, w’as excised from the gluteus muscle. 

Iniravenons injections of quinine . — In pernicious cases of suhtertian 
8 
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malaria in Avliich it is uf impurtaiua^ lo obtain a rapid and })o\VL‘rfnl 
action of the drug, the injection must ho intra\ imious. TJk* bihydro- 
chlorido salt of quinine should Ih‘ used in a dosagi' of 10 gr.. dissolved 
in lO/.c. of distill(H] water. In algid or colla])st‘d cast's it may 
advisable to add sahia* and glucose 5-])er-C(‘nt . injection, in amounts 
of h to 1 pint, though in coniatost' cast's it dot's nt)t a})p(‘ar to ht' t)f 
any distinct advantage. The solution shoultl he hoik'd in a test- 
tube before use, and drawn u]) in a stt'rile syringt' and ijijeclt'd into 
the median basilic vein, rendered jiroinint'ut: by means of a rubber 
bantl. On its introduction into the vt'in the ])1 linger t)f the syringe 
should be slightly withdrawn to observe the t'lit ranee of blt>t)tl intt) 
the barrel. The injection should then be math' slowly, anti at least 
three minutes spent over the operation. One dos(' of 10 gr. is usually 
sufticient to stop the fever, and cause the disapjiearance of most of 
the parasites within eighteen hours, and it is advantagi'ous to follow 
it up with an intravenous injt'ction of 10 min. of adrenalin (1 : 1,000). 
The amount of toxin lilx'rated by the ra]>id (k'struclion of the jiarasites 
after intravimous injection may Ix' sufficient completely to paralyst' 
the cardiac mechanism, and death may rapidly t'nsiu'. It is much 
more advisable in cases where the myocardium is iiiNohx'd, to gi\ c a 
preliminary intramuscular injc'ction of quinine, and to follow it u]) six 
or eight hours later by a small intravi'iious inji'ction (0 gr.). After 
intravenous quinine a ('onsiderable fall in the blood-prt'ssure is usually 
recordixl. It is possible that more frequently n'pt'att'd O-gr. intrav t'nous 
doses are more efficacious than are largi'r ones given at longer intervals. 
If great destruction of red bkxxl-corjuiscles has taki'ii placi', blood 
transfusion of BOO-aOO c.c. is strongly indicated. 

The A.m)li treat menl. — In Italy since this method was first introdiK'ed by 
Doinimici in 1931 a good many papers hav(* at)}K‘ared on the sul>ject. Ascoli's 
method consists in the intravenous injection of adrenalin l /lOO, J /90 and 
1/80 mg. in increasing doses uj) to 1/10 mg. Usually about t wi'iity injections 
are requisite. This method results in a reduction of the size of the sph'cn, 
in a decrease of the amemia, in increase of body-weight and im})ro\ enu'iit in 
general health. It also increases the efliciency of subsequent (piinine tK'at- 
ment, especially in those resistant to this drug (Pizzilio). 

Milletari (1938) in 70 cNises of malaria has confirmc'd the great value? of 
this treatment. Its value' lies, not emiy in its remarkable effect u])e)n the? 
splenomegaly, but also in the^ great improvement in the })atient’s general 
condition. He believes that it increases the ])atient's resistane-e^ to the^ 
malaria j)arasite, and this has been cejntirmed by 1). Bell in Kenya. 

II. Synthetic Anti-]\Iaj.akia I’hkpajiations 

Plasmoquine treatment.— Ulasmexpiiix' (b-me'thoxy-S-N (4'- 
dicthylamiijo-l '-metbylbntyl) amiHoquinolimO is a, compound produced 
by Schid(3raaim, Schbnbofer and Wiiiglcr (19i24), and is a di'rivative' of 
methylene blue. When given to a man in a dosage of 0-06 grm. daily 
for five consecutive days, it has a remarkable specihe action on the 

^ Bayer. 
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benign fortian and the quartan ])arasites, which disappear from the 
])lood with a rapidity <H|nal to that seen in tlu; case of quinine ; on 
the siihterfian trophozoites tln3 effect is not so satisfactory. 

d’h(‘ tlicTa jK.Mjtic dose of plasnioquine is estimated hy Miihlens as 
1 nig. for (‘ac]j hg. of Ixaly- weight. 

Tlu' rational theraptaitic dosage of pldsfHorfaiur. simplex is as follows : 

0 0 months ...... 0 0025 grm. 

0 months to 2 years .... 0 005 ,, 

2 4 y(‘ars ...... 0-0075 ,, 

4 - s' O-OI 

5 -10 0-015 

10 15 O-02 

Th(‘ drug is di^pcuisc^d in the toi-rn of tahl<*ts of 0 02 grm. each. The 
ma.ximum dosage is 0-00 grm. daily. 

In all tour infections, the ganieloeytes are de>tr(»yed hedore the 
schi/oiits, so that the crescents of the suhtertian ]»arasite (which 
may jx'rsist for A\e(‘ks in the circulation in (juiniiu' therajiy) can no 
long('r !)(' found aftm’ four days' full dosage with ]>lasinoquine. The 
splemi is also reduced in sizes with marked rapidity, rnfortunately, 
esp('ci(dly in Inxny suhtcadian infections, a cyanosis, ])rohahIy due 
to tlie coii\(‘rsion of Ineniogjohin into nietlumnoglohin, is sometimes 
noted, and, in a few instances, lias he(*n followixl hy inetlKemogloldnuria 
(as in the fatal case repeirted hy I>la(dvi('i : abdominal jiains are often 
prodiKM'd, especially an acute spasm in the left hypochondrium, which 
may he connected with contraction of the sph‘en. De Langem and 
Storm ha\e shown that hotli pUisnuuiniur and nfehnii in cxcessiAo doses 
c.uise ciri'ulatory (list urhances. manitested in a reduction in the hlood- 
pri'ssure ; and when injecttal inlnircuoushf pM per (amt. plasnioquine 
and 1 c.c. of a ‘iqua -(a*nt . solution of atebrin) cause a fall of both 
systolic and diastolic juaessures. In fatal cases acute hamiorrhagic 
nepliritis and toxic necrosis uf the li\'er occur. 

\\'h('lh('r ])Iasnio(piine is liable to piaadpitati' hl<u']:icatcr ferer is still 
umk'cided and is ditlicult. to (letianiim' on account of th(‘ tendency of 
this drug to jirodma' toxic imd hamioglobinuria. The test for determin- 
ing ])lasmo(pniu' in the lilood and tissues is that of Nandi and Ihckshit. 
Applied to the urin(‘ it is unsatisfactory. The tt‘st is sensitive in a 
stnaigth of oiu' in a million. Th(‘ nudliod is an application of Folin's 
phi'iiol reagent, which is added to am aejueous solution of })lasmoquine 
and remhaed strongly alkaline by tin* addition of sodium bicarbonate. 

A l)lue colour d(W(‘lops, slowly n^aching its maximum in thirty minutes, 
and can be didected in a dilution of 1 : 200,000 by the Duboseq 
coloriimder and of .1 : 1 .000.000 by means of a spectro-photometcr. 
d’lie lAvnch ])re])arat ion, Hodoquine (Fouriuaiu 710 ), is therapeutically 
as active' as plasnioepiim', and is said to bt‘ It'ss toxic. 

]\trent(‘ral inject Ions of plasm(Hj[uinc.--Vh\Hinoqnino has l)een injected 
both intravenously and intramuscularly in 1 -per-cent, watery solutions. 
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The dosage is graded according to age and physique and should not exceed 
0 03 grm. twice daily for adults. On account of its toxic })ropensiti(‘s, this 
course is not recommended. 

Gertuna, dialkyJaiiiiiio-oxj^qniiiohiiiiino-biitcine, lias recently been 
rejiorted by Kikntli as possessing a strong gainetocidal action conipar- 
abio with that of phismoquine. The action upon Uu^ gainctocytes and 
sporozoites is the same as that of jilasinoqihne, but its toxicity is less. 
8ioli has given 0*07 grin, three times daily for seven days with good 
results, and Miihlens reports upon 118 cases in which the drug was 
given in talilet form by the mouth and in severe cas(\s by intramuscular 
injection of 0*3 grm. It can be given safely combined witli atebrin. 
A similar drug has been synthesized by Schuhmiann under the name 
of “ cilional.” Missiroli and Mosna give 2 eg. dail}^ for six days, but 
when used with quinirK‘. or atebrin it jirovides a conqiletii antimalarial 
remedy, its action on the gametes of P. falcipanun being eijual to that 
of plasmoquine, and it is non-toxic in therapeutic* doses. 

Combinations of Quinine and Plasmoquine 

Plasmoquine -compound. — The toxic effects of plasmoquine 
appear to be effectually count eracd-ed by combining it with small 
quantities of quinine. The combination is now known as plasmoquine- 
comi)Ound and is ])ut up in tablet form, each containing 0*01 grm. of 
plasmoquine and ()-P2r) grm. of quinine, which is twice the quantity 
contained in the tablet formerly manufactured. Plasmoquine- 
compound is comparatively tasteless. As far as has bc'en at present 
ascertained, it is as effective in trt'ating benign tertian malaria and in 
preventing relajises as is quinim*. Jn t in* subtertian form the schizonts 
do not disappear from the blood with such rapidity as with quiniiK*, 
but the same dc'structive action on the* gaiiietocytes is observcal. 
Crescents disapipear from the circulation after thr (‘0 days’ full dosage.^ 
This compound appears to be well tolerated l>y children. The following 
course of treatment with })lasmoquine-compound can be carried out in 
all four forms of malaria. The exact amounts are stated in order to 


avoid confusion : 




For ( 1)1 (idult 





(1) 

7 days. 


2 tablets 

])lasnioquine 

-coni])()und twi(;c 

(2) 

4 „ 

interval 





7 „ 


2 

r» 

,, tvvieo 

(3) 

4 

interval 





7 ,, 


2 

»> 

,, twice 

(4) 

4 „ 

interval 





7 „ 


o 


,, twice 

(.'■>) 

4 „ 

interval 





* Tlio I'Alitor liiis 8hi)\vu that suhtcrtiuii creHceiita disiiitr^ratc and dj,sa|j|)t>ar from tho 
circulation ult(?r O.es j^rm. (I.', ^r.) phkHniocjuinc and J grju. (|uininc. With pure (juininc 
treatment, crescents may remain visil)lc in the blood-stream for twenty -ei;^ht days and after 
50 grm. of (juinino. 
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(Plasnioqiiino-compound tablets as formerly manubictured contained each 
O-OOf) grrn. [)lasmoquine and 0 0f)2o grm. quinine. The maximum daily 
dose was 12 tablets.) 

For pngminf U'omen. — The scheme f>f dosage outlined above can be continued 
through the y)r(‘gnaney and for several we(‘ks subsequent to parturition. 
For Infonts : 1 tablet j)la.smoquin(‘-com}>ound should be given daily. 

fi.(‘. 0 01 grm. {\ gr.) j)lasmo(|uine -f 012.5 grni. quinine.] 

('hildrcn hrfn'rrn 4 ofoi .5 i/rars : J tabh*! plasmotjuiue-compound tw ice; daily. 
(■hihlrcji bctu'ccii 5 and 10 years : 1 tablet jjlasmoquine-compound thrice daily. 

()})S(‘rvafi()iis by tJi(‘ Editor go to shoNv that the tejidcaicy to 
(l(‘V(‘]<)j)ni(‘iit of toxic syuiptoins may to some extent be eliminated lyy 
the (‘xliibition of glucose, 1 tl. oz. daily, togcdlier witli jjlasmoquine. 

It has be(‘n shown by the hhlitor that plasmoquine-compound in thera- 
peutic doses (0 04 gnu. plasmoquine daily) is a safe drug to use in benign 
tertian, (piartan aiid sul)t(‘rtian malaria, both during y)r(‘g!iancy and in the 
pucaperium. 

(Ju ino])Jasni i)i(‘ (( ’bin()[)lasmin ). Elasiinxynine : quinine 1 : dO. — This 
is a combination of plasnaxyiiine with a mucli greater ])r()})ortion of 
fjuinine than in tlu' tablets of plasmoquine-compound. The tablet of 
(juinoplasmine e<)ntains O'Ol grm. ydasmoquine, ()‘T grm. ( 41 gr.) quinime 
The (los(* is tliree tablets daily for adults and n'presents a total dosag(‘ 
of .1 grain of plasnioipiiiie and lo grains of fjuinine. Kligler. in Jhih*stine, 
has used tins yu’eparation, given for live days in each month in the 
(loses stat(‘(l ahove, for reducing the })arasite-rate in a malarious 
community ; ap})arently no toxic symptoms were nottal. 

hor praetic'al ])ur]>os(‘s this is much the sana* method and dosagi^ 
as was test(>d out by Ifanifold in India in ITdO when 8,1S7 Ihdtish 
and Indian soldi('rs wc'n* given a three weidvs’ course^ of plasmo(|uine 
and (piinim' ])lasmo(]uine 0*02 grm. (gr. J) together with 10 gr. of 
(juinine (‘NO'ry morning and evaaiing. In the case of subtcu'tian 
malaria tlu' coi.rst' was followed by 0*04 grm. ])lasmo(juine daily for 
h\(‘ days, but tie* majority were benign tcu’tian infections. It was 
comdmh'd tluit this cours(‘ was most (dhcacious in ])r('venting relapses, 
and was an advance on ordinary quinine treatment. It is possible, 
however, that in 0*1 ])er cent, of cases an attack of blackwater may 
ha\e beiuj preeijutated. 

111. A T E B R I X T U E A T M K N T 

Atebrin (([uinacrine, Erench : acriciuine, Eussian) (dihydro- 
chlorid(‘ of 2-m(‘thoxy-<)-c]doro-0 (4'-diethylamino-E-m(dhylbutyl) 
aminoacridin(') ^ is a yellow ]>owd(‘r which dissolv(‘s in water at 40 C’ 
in 7-per-c('nt. solution, d'his dye was .synth(‘<iz(‘d by Mietzcli and 
Mauss in 1 OgO. 

Ivikutli has show n 1 ha t atidu’in (‘Xcu ts sp(‘cilic act ion on tlu' schizonts 
oi all th(' malaria parasites, but it has no di?’ect action u})on tln^ 
gam(do(*y t(‘S, es])ecially th(‘ subtiTtian. It, atta(d;s the ring forms 
tirst, then the developmental forms and, tiually, if the atebrin is given 

^ A compound ut this cH)iKStitiitioii is now bemg maniifaoturc-d by Imperial Chumical 
Industries, London. 
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for a period sufficiently long, the gametocyies disa])})oar ; but, as has 
been shown by the Editor and Walters, their power of exflagellation is 
not at any time affected, as it is with minute dos(‘S of ])]asmo(juin(‘. 
Undoubtedly its most striking effects are S(‘en in tlic' treatnumt of 
beiivyy infections of subtertian malaria. There is also some evidence 
that it is the safest drug to exliibit whtai blackwatnr fever is threatened, 
for atebrin does not possess tiie luemolytic pro])(Misit i('S of quiniru'. 

A further advantage which this drug possesses over other malarial remedies 
is its comparative freedom from toxic sym|)toms, ])ut these* effects have bee'u 
noted in some people with an idiosyncrasy, and in them it causes acute* 
abdominal pain, some*times se) severe as te) sngge*st gastric ule*er. Se)me‘times it 
prejdue^es a y^‘lk>w dis(*ole)ration, or staining, of the skin, which may be* mis- 
taken for jauneh(*(*. Ate*t)rin })igmentatie)n ne*ver oe‘(‘urs l)e*fe)re the* third elay, 
while eonstijeation anel intercurr(*nt infee-tions moelifv the* inte*nsity and dura- 
tion of the pigmentatiem ; se)metimes it may last as leeng as thre*e memths. 
Recently the tablets have* b(*en ce)at(‘el with lacejue'r, which a})])ears te) Jiave 
obviateel this drawbae*k, se) that atebrin staining is no longe*r freepiently m(*t 
wuth. In differentiation fVe)m true jaunelice, al(*holuric jaunelie'e* anel ])(*rnicious 
aruTinia, it shoulel be remendeereel tliat the scle*r:e are* met affe'e*te*d by atebrin. 
Carotinsemia is easily distinguisbexk 


Attention bas re‘ce*ntly bee*n drawn to the* fact that, in some*, atebrin 
in large* de)Se*s acts as a, c(*re*bral e*\e*itant, aiiel the* Editor has s(*(‘n a fenv 
])atients who have experie‘nce*d hiclings e»f undue* e‘xcite*nie‘nt while 
t aking atebrin. he)nole*y, ( lre‘e*n anel Ibeeeps have* ne)t e*e] tlie pliene)me*ne)n 
in jffalays, and Neave Kingsbury bas re*pe)rte*el seeme twe*lve case*s e)f 
psychosis in Taiiiils, ^Malays, Chinese* and Sinbah'sei afte-r taking this 
drug. Some exliibit e'el inild or transie-nt ])sycbose‘S, while others 
presented meere* se_*rie.)us symj)toms necessitating spe‘cial me'ntal care. 
As an explanation e)f this effect., Kingsbury lias sugge*st(*d tliat tbe^ 
intense liberation of malarial toxins due* to rajtiel eh'structioii of the 
malaria jiarasites bas an effect upon the cortical ce'utres. 

Rkickwatcr fevi*r ma\' (*nsue aft(*r a course of atvbiiii, anel this has iieov 
b(*eTi noted by sev(*ral obser\a*rs. "Jdie Kditor lias s(*(‘n one* striking case of 
this ; but the* gene-ral impression prevails that it is of l(*ss freepi(*nt occurrence 
than after (juininc. 

Atebrin is put u\) in tablets each containing 01 grm., and it is 
given three times a day oa a full sfoniacli. Tlui daily dosi* therefore 
is 0*8 grm. (4^ gr.). Cntil n^cently it was considered that a five-day 
course of t.r(;atment sutliceal to cure an ordinary case of siibtertian 
malaria, but it is now realized that seven days may be necessary, during 
which a total of ‘2 grm. of the drug is given. 'The Ihlitor considers 
that it is much safer to n‘})('at the coursi*, for a similar length of time, 
after an inter\*al of a w(a*k. It is inqiortant that the tablets should 
be swallowed whole with a drink of milk or water, as the taste, when 
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th(^y tiro (*li('\vo(l, is inteusoly bitter. Atebriii h’oatiiK’iit is Joss satis- 
fiictory ill lieiii^ii tortiaii and quartan flian in sul)t('rtian cases, and 
till* r(‘})orts on it from tla* trojiics are, on tlie wliole, favourable. 

Atobrin troatmont can b(^ with advantage conibin(*d with 5--10 gr. 
of quinine hydrocbloride daily'. This nu'thod, which has been 
enqdoyed by tin* Editor, lias boon conlirmi'd by Ciuca and his 

colleagues (198Sj es})ecially in Sovero subti'rtian inh'ctions. 

In at ebrin-t H'at 0(1 malaria shrinkagi* of th(^ spleen takes place 
as rapidly as in (juinino- or plasmo({uin(i-treatod cases. 

Th(* drug is well borne in relatively large doses liv children, and 
also by jiregnant women, and these are important aspects of the 

subject. The most valuable ])roperty of atebrin is its ])ower to prevent 
r(‘la}»ses, whicli it j)ossess(*s in a high degree. Green, in 1932, tr(‘ated 

21 cas(*s without relapst*s, whili* in a similar jxTiod there were 13 

r(‘la})ses among 34 controls treated with quinine. James and Nicol 
treated 15 cases of therapisitic (subt(‘rtianj malaria with 0-3 grin, daily 
for li\ (‘ days, and in only ora^ did it fail to ellV'ct a permanent cure ; 
and four of thesi* W(‘re clironic relapsing cases which had previously 
b(*en given several coursi's of ipiinine treatment. Hoops has rejiorted 
that in Singaj)on‘ at(‘brin treatment has given very satisfactory results 
both among IGiropeaiis and Asiatics ; a sense of well-being is ex- 
])erienced after treat mcuit with this drug which is not noted with 
(juinine or plasmoipiiia*. The relapse rate, over a jieriod (d six months, 
in 803 cases made up of approxiniat(*ly eijual numbers of lieiiign tertian 
and sul)t(‘rtian infect ions, has l»c(‘n rcaluced with atebrin treatment to 
8-4 per (‘(‘lit. On the long course of quiniiu! tia^atment it was 
23 p(‘r c(‘nt., and with combined (phnim^ and })lasmo(piiiie 20 per cent. 

At(*brin is probai)ly (Mpial in t b(‘rap(*ulic action to ipiinine, hut it 
is slower in action. espt‘cially in subtiTtian malaria : it intliiences the 
Je\er, and gradually destroys the ])arasites. Naus(.'a and lieadache 
disapjH'ar. ('hildrcai tokaati' atebrin well and tie* following dos(*s are 
recommi'iidt'd : 

Ej) to 1 yc'ar .... 0 05 gnu. (i.e., lialf a tablet) 

]‘’roin l-4 \eai‘s . . . .0-1., 

„ 5 8 ^ 0-2 

Over 8 0-3 „ 

To children atebrin is best giv't^ hi milk, or the tablet can be 
conveniently hidden m raisins. 

Iulraniuscular jiijechons of alehriti are less painful than those of 
(piinine. 4'wo injections with an inter\al of twenty-four hours are 
recoimiKUided. Hk* drug in a soluhlt* form (afehrin ninso}iatc) is sup- 
})lied in sealed anqiouK'S containing eitla*!’ O.l or 0.3 grm., and the 
contents are dissolved in 3 or 9 c.c. of watt‘r ri'spectively. In very 
severe subtertian infections, however, its action is not so certain as 
intrainuscular quinine and, in tin* Editor's experience, it should not 
be relied upon in these very severe cases. 
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With Ibis streiigib (0*8 gnii. in 0 (*.{*.) Mu* dosi* is : 


Vom () months to 2 yi'ars 

1 e.c 

,, 2-4 years .... 

2 e..e 

,, 4- b . 

8 e.e 

()-]0 „ . . . . 

4 e.e 

„ 10-12 „ . . . . 

5 e.e, 

„ 12 15 

0 (*.e. 

„ 15 18 

7 (*.e. 


Field and Niven and (liK'si, comparing tlu^ action oi' atebrin 
mnsonate (iiitrainuscularly and intravenously) in doses of 0-8 grm. on 
two successive days, foinid Miat parasiti‘s disa])])ear from the blood 
and temperatures fall to normal as quickly as with quinine. Tlu? 
contents of each am})0ule should be dissohu'd in 8 c.c. of water for 
intramuscular injection and in 9 c.c. for intravenous but, though the 
effects may he rapid, the cure is not })erman{'nt. I’sually the local 
effects of intramuscular injection are transited, but in the Editor’s 
experience large sterile abscesses have n‘sult(al. This nu'thod contra- 
indicated in cases witli severe aminnia. 

The excretion of atebrin is rapid. Trace's have* Ix'en found in tlu; 
urine within ten minut(*s. Excr(*tion usually takes ])lac(' via the urhu*, 
to which it imjiarts a bright y(‘llow ce)lnur, and tlu* fa-ct's. At tlu* 
conmu'ncement excretion may lu* raj)id : though it may be ])rolonged 
for S(‘\ eral weeks, the av(*rag(* period being ‘ib days. 

Aceordirig to Heclit, atc'briii is absorbed in the duodeniiin and tak('n to 
the liver, whence it is excreted in the ])ile. It tlu'refore passc's back again 
into the duodeiimn and, according to this theory, little atebiin n'aelu's tlu* 
einnilation till the liver has been saturated. This may explain tlu' fact that 
little atebrin ap]X‘ars in the urine until the tn'atnieni has been continued 
for sonit* days. iVt(T has obtained laboratory evidc'uee that food containing 
large quantiti(?s of cellulose absorbs atc'brin from the intestinal canal. 

InirarenouH injections of 0/2 gfin. atebrin mnsonate ha^(‘ b('(‘n 
given in cerc'bral malaria,, but quinine is ]U'(‘lVrab]e. 

The sim'uJlancons exhibition of atebrin and plasmociuine is iiof to 
he recomviended, as if. may causi* alarming symptoms. On the other 
hand, an atebrin course followed by plasmoquine-compound is a rational 
procedure and has received wide conniK'ndalion. The following 
method of application is recommended : 

Seven da^^s’ atebrin ireatjiient followi‘d by the administration 
three times daily, for thre(} to flvt* days, of 0*01 grm. phisnaxpiim* 
simplex, or one tablet of quinoplasmine thr(*e times daily. 

For children the after-treatment varies : 

Infants, ()-005 grin, plasinoquiiu*. 

J-5 years, 0 01 grin, plasinoquine. 

5-10 years, 0*01 -0*02 grm. jilasnuxjuine. 

It has been observed that the malaria jiarasites uixh'rgo ec'rtain (h‘g('nenit ive 
changes after the exhibition of both atebin and plasnuxpiine. 'Jdx* fonix'r 
causes an aggregation of tlx* ])igment of the parasite within two hours : 
the latter ajipears to act directly on the chromatin. 
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li(^poris Oil ih(' suec<‘ss of fljis cuinbinod iroaiiiieiit couk* mostly 
from Malaya. In (’oniral America Connor reported that ndapses were 
2 5 p(‘r cent, as ap^ainst 25-80 per cent, after quinine treatment. Li 
India the results in the l^ritish Army (1988-5) have been very 
favourable. 

The method of estimation of ateimn in the blood and tissues has 
b(H*n the subjt^ct of some controversy. 

The rnelhed of Gentzkow (1938) has been found accurate to 0-1 luf^ui. 
per htr(‘. To 45 c.c. of acetone are added 5 c.c. of oxalated blood and the 
mixture is constantly shaken for a few minutes, after which 2 c.c. of a 20-per- 
cent. atpieous solution of neutral lead aeetato are added. 8'li(* whole is 
thorou^dily niix(*d, transferred to a r)0-c‘.(\ centrifuge tube and centrifuged 
at a liigh s])(H*d for five niiriiites. 'Phe precipitated ])roteins are separated 
froFu th(‘ clear sujK'rnatant licpiid to which is now added 5 c.c. of wat<*r. 
4'he mixture is evaporated to 2 c.e. on a water-bath, cooled, and added to 
O f) c.c. of 30-per-c(‘nt. phos})horic acid, and made uj) to the 5 c.c. mark with 
wat(‘r. It is then filtered through No. 42 VVTiatinan filter-paper. Of this 
filtrat(\ 4 c.c. are transferred to a small test-tube, and for (‘ach c.c. 01 c.c. 
of modifi(‘d Tanret's reagent is added. The mixture is heated on a boiling 
watc'i-bath for five minutes and cooled. A fiiif* ])reci])itate, which remains 
suspended for a consid(Table time, results. (For meth(Kls of estimating 
aU'brin in the urine, .sec Aj)p(Uidix, p. 1029.) 

Sulphanilamide (proseptasine) in the treatment of malaria. - 
Both sulphonamide and sulphanyl-sulphanilate have been found effective 
in ape-malaria, P. knou'U.si, es])ecially by intraperitoneal injection. The 
effect of th(‘se com{)ounds u]H)n tlu‘ liuman infections has been the subject of 
much st ud \ . Motzfeldt, in a review of recent work, thinks that all three 
])rincij)al forms of malaria aj>j>ear to be amenable to treatment with sulphanil- 
amide, but whether the effects are jK'riFianent or not is not clear. Hill and 
Goodwin ha\'e now r(‘ported u}K)n the treatment of 100 eases with proutosil 
s(t}tjhU\ 7 of u hich w(‘re due to P. rinix and 93 to P. fdIrijKtrum. In most, 
tFF'ontosil was inject^al intramuscularly, 10 c.(‘. every twelv'e hours, and it was 
seldom found nec(‘ssary to give more than four injections. 

Treatment of simple benign tertian or quartan attacks. 

- During a ])aroxysiii of ordinary infennitlent fever it is better, before 
giving (piinine, to wait until the rigor and hot stages are over and 
the patient is beginning to pers])ire. When the skin is moist and the 
t(‘nij)eraturo begins to fall, the earlier the drug is comnieiiced the better : 
10 gr., pnderably in solution, should be administered at the 
commenei'inent of sweating, and thereafter 10 gr. three times a day 
aft(‘r nu'uls for the next three days, though there appears to be an 
advanfage in gi\ ing it, whenever possible, in smaller doses at more 
fnMjuent intiTvals — 0 doses of 5 gr. each. If the patient is constipated, 
a saline purge should be administered before the quinine is exhibited. 
This is an almost certain (Min‘. The quinine may not always prevent 
the next succeeding fit, but it nearly always diminishes its severity ; in 
ninety-nine cases out of a hundred the second following attack does 
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not develop. At the same time, with a. view to ])re\ i‘uting rtHairrence 
of fever, the patient is directed to take, once a week, a mild saline, 
sulphate of soda or Carlsbad salts, in the morning, and three 5-gr. 
doses of quinine during the day, or 15 gr. in one dose. After the 
first week, iron and arsenic are given, in pill or tabloid, such as ; 


k\irri liypophos. 

Quin. sul})h. . 

Acid, arseii. . 

Strych. sulph. 

Two pills to bo taken 


. gr.ii (0-13grni.) 

gr.i (0-0G5 grm.) 

. gr. (0-0()13 grin.) 
. gr. y (0 ()()13 grm.) 
at night for a fortniglit. 


The antirelapse treatment with plasmoquine-compound may be 
then given by those who jinder this method. 

Treatment of subtertian malaria.— Mild cases of malaria of 
the subtertian type, due to 1\ falciparum , may be treated on tbe 
same lines as the benign forms, with quinine and esi)ecially with atebrin 
{see p. 119). 

Itest is a most important factor. It is undoubtedly true tljat 
the malignancy of many cases of suhtertian malaria ()bser\ (m 1 in military 
service is due, to a great extent, to tin* exigencies of war. 

The sooner after infection a case of subtertian malaria is treated 
by quinine or atebrin, th(‘ more ra])id the' recovery and tlu* less likeli- 
hood tliere is ol relapse or of the development of jiernicious symptoms. 

In the endemic area ol blackwattu' J(‘ver, and in jx'rsous who have 
left the area, large doses of quinine do sometimes undoubtedly dtder- 
mine an exjilosion oi that dangerous disease*, (*sj)eciallv in the cacliectic. 

Treatment of cerebral malaria . — In a threatc'iH'd cc'nbral attack 
ice-bags should be applied to the head at the same time* as hot 
applicatiejns tej the feed, and le*gs ; inhalations of oxygc'U are* advisable ; 
artificial feeding may be ne‘ce*ssary. hi order to ob\iate* the accumu- 
lation of ])arasites in the brain it has b(*en recomme*nd(*d that, the* 
patient should be made to inhale amyl nitrite in ord(‘r to make* the* 
parasiteis more acce^ssible to quinine* : and in order to bring the* quinine* 
solution into intimate contact with the parasites, adre*nalin— U) minims 
of 1 : 1000 solution— may be injected intravenously. 

hi the case of coma or convulsions, eine shejuld also take inte) account 
the fact that a considerable mdeina of the brain and increase of cerebro- 
spinal fluid have been demionstrated in fatal cases in which ne) 
sporulating parasites ceuilel be found in the cerebral cajiillaries. In 
comatose cases which do not clear up after intravenous injections of 
quinine (15 gr.), lumbar puncture and witlidrawal of 20 c.k or so of 
cercbro-spinal fluid may give great relief. Cordes has acttually re- 
commended, and performed, puncture of Urn cisti'rna magna at the 
base of the brain, 50-00 c.c. of fluid being allowed to escape. The 
effect of decompression is striking and immediate. As a general 
rule, increasing coma after intravenous quinine, especially if accom- 
panied by signs of cerebral irritation, is due to multipie punctate 
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subcortical lucmorrhages. Sayers, in the Soloinun Islands, and G. 
Thomson in Nyasaland, have ernpliasizod the groat value of lumbar 
])uricture, especially in convulsions in children. 

Thomas and Sydenstricker treat cerebral malaria by giving 2-4 litres 
of Kinger’s solution subcutaneously during the first twenty-four hours 
to combat dehydration. Dextrose*, solution, 10 p<‘r cent., is given 
intravenously — 500 c.c. ev(‘ry hjur to six hours. (Quinine dihydro- 
chloride, 0-5 grin., is added to the first (hixtrose injection and repeated 
every six hours till cen'bral symptoms disappear. 

Urnansky has ad\-ocated intravenous injections of urotropine — 
8 c.c. of a 40-per-c(‘nt. solution : it does not affect the malaria parasite 
but it is claimed that its effects iijion the cerebral functions are good. 

Atebrin can be given intrav(‘nously as aiehrin inusonaie, in doses 
of 0- 1 to 0-2 grin. 

Treatment oj bit ions remittent Jever . — In bilious ri'inittent and other 
severe forms of malarial fever one must not wait for the remission 
befon* gi\ ing rjiiinine. To wait for r(‘mission or sweating used to 
be the jiractice ; it was said that to give quinine at any other time 
was wrong, and that sona'thing terrible* would hajipen if the super- 
stition wen* ignored, hi nil (jrare ferrrs a Jnll do.sv', ft) or 20 r/r., should 
be odm inislered ot one<\ The* parasite cannot be attacked too soon. 
It is desirable to have* tlie bow(*ls freely op(*ned with salts as quinine 
undoubtedly acts better then, especially wh«*n given intramuscularly. 

I'or Aoniiting and other se\en* symptoms, fragments of ice may 
be sucked, small doses of morphia inj<*('te(l, or counter-irritation applied 
to the epigastrium. 

Treatment of Jn/perj>i/rexia . — Hyperpyrexia must be promptly 
nK*t by [irolonged iinniersion in the cold bath, rectal injections of 
iced \Nat(*r, ice-bags to the iH*ad, etc. At the same time quinine must 
b(^ injt*ct(*d intramuseiilarly. Prompt action in tlu\S(' cas(‘s is of the 
first inqiortance, and may Siivt* life. If tla^ temperature lie kept down 
for thr(*e or four hours tla^ (piinine gets time to act on the parasites 
(crowding the capillary vc's.st'ls ; but if the temjierature be allowed to 
mount and to remain high tlu^ })atient is destroyed before the specific 
has a chance. The cold bath, therefore, is alisolutt'ly necessary. In 
such circumstances, anti})yrin and similar antijiyretics are worse than 
us(*l(*ss. A good rule is to prepare to give the cold bath or cold pack 
if th(' axillary tempt'ratun^ reaches lOG'' and to remove from the 
bath wh(*n the n^ctal t(*mp(*rature has fallen to 102 ’ F. 

Trculnient by saluarmn and its deriratives. — ^Tlu*so drugs ap|)oar to have 
s(jni 0 intfii(*nee upon rirax (benign tertian), but they seem to liave no 
eflect u])on the subtertian or the (piartan parasite. When given in therapeutic 
doses in the apyretie periods they do not seem to prevent ordinary relapses. 
Many ])ractitioners, howevei*, are in the habit of employing weekly injections 
of salvarsan as an adjuvant to quinine treatment, and there is little doubt 
that in soiiu* cases it acts as a general tonic and improves the physical condition 
of the patient ; but it is in those cases — unfortunately not exceptional 
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— in which syphilis as well as malaria is present that their action is 
most marked. 

Stovarsol (see. p. 542) in 4-gr. tablets, dosage on(.‘ to two tablets daily for 
ten days, has been claimed to have a curative effect in bi'nign tertian malaria. 
It is doubtful, however, whether this is the case?, though the drug jiossesses 
a marked tonic and stimulating action. Such large doses, 15 gr. daily, as 
advocated by French writers, are certainly to be avoid(;d, as toxic erythema 
and other disagreeable sequela? are liable to (‘nsu(\ Ac(;ording to some 
authorities, quinine and stovarsol act better in combination than when given 
singly ( qu ini os to varsol ) . 

Ma 2 )harsen (meta-amino-])arahydroxy jihenylarsine oxide), a potont 
trivalent arsenical, which has b(*en used for the tn'atment of trvjianosoniiasis, 
has been employed intravenously for cutting short malarial at tacks, (h'ldman 
reiujm mends that the patient be kept fasting and the drug given intravenously 
in dos(‘s of 0-04 to O-Ob grm. according to the body-w(‘ight. In 90 per cent, 
of (!ases a single injection suffices to end a malarial attack, but if it does not 
do so the injection may be repeated within seven days. This drug is said 
to be of special value in treating severe cas(‘s of tln'rapinitic malaria. Th<‘ 
disappearance of parasites is almost immediab'. 

Treatment of malaria -infected patients on return from 
the tropics. — Jf qiiiiiiiie is lanng taken wlnm the iiatient h*a\'es 
the tropics for Europe, its use, in the accuslofned dose, should be 
sijsteonatimllif continued duriufj the ro/g/f/c and for a month or more after 
arrival. 

Tlie importance of this practice cannot he loo sti'oiigly str(*ss(‘(}. 
especially wh(‘n returning in tlio winter inontlis. It has become a 
routiiie — and it is a very wise one— to administer a propliylactic 
course of atehrin for live to sevim days to all thos(‘ returning on board 
ship from West Africa. 

TliEAlhMENT OF ELACKWATEK FEVEll 

Having regard to the frequency with which haiinoglohinuria concurs 
with malarial infection, and tlie well-estalilished fact that quifiine 
may precipitate or determine a hteirioglohinuric altaclv, the (juestiijii 
of the administration of that drug in hhndvwater fever becomes 
important. 

Recommendations. — Patients who are suffering from or are 
threatened Avith luniiioglobinuria, who are in the pre-black water 
state (p. 91), or who have had this disease before, on the slight(?st 
indication of fever should go to bed at once, keep the skin warm and 
scrupulously protected from draughts, and take plenty of warm fluid ; 
if parasites are present in the blood, the patient should be treated 
with full doses of at(‘brin and an alkaline mixture ; if this drug is not 
available, small d(?ses of quiniju^, commencing with f gr. twice daily, 
should be giv(ai, t()g<dh(U’ with a moderal(^ dose of calomel. Patients 
threatened with blackwat(‘i‘ fever should no! travel ; should it h(‘come 
imperative for any reason to move the jjatient, a small injection of 
morphia should be given, or he may be kept under slight cldoroform 
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aiijusthesial during the worst part of the journey. Some believe that, 
by giving large doses of aperient sulphates (1 oz.) every four hours to 
patients in this state, and thus by the profuse catharsis relieving the 
hepatic congestion, the onset of blackwater fever may be averted. 
^I’he principles of treatment should be based upon the ap[)reciation of 
the underlying pathology of the condition, namely the extensive 
luemolysis, coupled with the pr(*cipitation of the insoluble acid haematin 
in the; urinary tubules, the plugging with cellular debris, and their 
consequ(‘nt damage and disorganization. Glucose in large quantities 
by mouth and intravenously in 5-per-cent, solution is indicated, as it 
has been shown by Kubo and Kondo that this sugar possesses the 
property of ])rev(‘nting haunolysis of tla^ red corpuscles by quinine. 

As clinical evidence and certain experimental work indicate that 
suppression of urine is much less lik(‘ly to occur if the urine remains 
alkaline, massive doses of sodium citrate, either alone or together 
with sodium bicarbonate, should be given until the urine is alkaline. 
It may be necessary to give as mucli as 1 drachm at four-hourly 
intervals until this is ])roduced. If the symptoms be more severe, 
intravenous injections of sodium bicarbonate, 150 gr. to 1 pint of 
distilled watta-, should be administered without delay (Hanschell). 
It is not advisable to inject mon^ than one })int at a time, and it should 
b(' given slowly, on account cd’ tht^ danger of cedema of the lungs. 

If the urine still tends to be suppressed, vaffrine citrate, 2 gr. twice 
in the twenty-four hours, should be given as a bland diuretic. In 
these circumstances hot fomentations should be apj)lied to the loins, 
or cuj)ping by Fenwick's glasses should be instituted, plenty of bland 
diluents administered, and an exclusive milk diet ordered until the 
albumin has tlisaj)peared from the urine. Higli rectal lavages with 
hot wat(‘r hav(‘ a marked diuretic effect, while Jtoss, in Southern 
Khodesia, advocattal lavage of the pelvis of th(‘ kidneys by means of 
ureteric catluders. After introduction of tlu' (*atheters— a skilled 
proceeding— a syringe containing 4 c.c. of warm sterile saline is attached 
and the tluid injectcal and again withdrawn about twelve times. In 
the mildest as wt'll as the gravest cases, the fret‘ and frequent adminis- 
tration of tluid is a most important measure, whether the patient is 
thirsty or not, and should bo insisted on from the beginning of the 
attack. When owing to pt*rsistent vomiting, it cannot be retained by 
the stomach, rectal enemata of w\arm physiological salt solutiofi (much 
less irritating to the bowel, and thus far more likely to be retained than 
])lain water) should bti administered re})eatedly, 6-8 oz. every half-hour 
or hour, and in some instances Murphy’s drip saline method ver rectum 
is to be recommended, liirpentine stupes, mustard plasters and hot 
fomentations to the ej)igastrium are useful in controlling or ameliora- 
ting the vomiting; when severe, the time-honoured resort to sips of 
iced champagne is useful and agreeable. If th(‘se are not effectual. 


1 Burkitt in Kenya ricoinim'ntU'd intramuscular injection of sodium luminal, which kt pt 
patients quiet for two days. 
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salt solution (a toaspooiiful to the pint of water), shTilized, may 1 h' 
slowly introduced into the su])Cutaneous coniK'ciive lissiu' of the flank 
or elsewhere by moans of a hollow needk* attaclK'd hy a ruhhiT f ulx' to 
some improvised resc-rvoir j)Iaced one or two fet't a.l)o\a‘ th(‘ level of the 
patioiit. The water is rapidly absorbed, and cannot fail to Ih' useful 
in washing out the In^^moglobin infarcts which ])lug th(‘ renal tubules 
and bring at)Out, or at all events coiitributc* to, sn])pression of urine. 
In cases Avith convulsions or cojua. 5-])er-ccnt. (jlucose solulion givaai 
intravenously to the extent of two or tliret' pints is advocated. .Marked 
restlessness may require minute doses of viorplna (/,, gr.) ; fait the 
drug, of great use at tinu'S, must he (‘uiployed Avith caution. For the 
very severe amr;mia Avhich results, liquor arsenicalis (2 min.) may he 
administered four-hourly. Antipyndic drugs, as anti})yrin and 
])h(aiacetin, are dangerous. 

Trafisfusio'u of ronipadblc blood has ])e(‘n successfully jjractised in 
thc' iIos])ital for Tropical ]>is(‘ases, and should he adopted in sever(« 
cas(‘S from th*' moiiKait that tlie luemolAsis commenci's. It has heim 
shoAvn alamdantly that this is a natural proce<iure calculattnl to replacvi 
the red hlood-corpuscles which ha\c been d(‘stroy(‘d. Considerable 
care must bt' exercised in grou])ing tin* blood, as the (h'IIs in th(*se 
sev(‘re laemolytic statt*s an* pnnie to auto-agglut ination. Repeated 
transfusion can be emj)l<\ved. as much as BOO o 00 c.c. Ix'ing gi\’en on 
each occasion. Tla'n* is no evidence as y(*t to show that it arrests tie* 
))roc(‘SS of hamiolysis. Witli the replacenaait of acti\(.* functioning iamI 
blood-cells th(* urinary (‘xcretion is rajiidly re-(‘stablished and the 
pro])ortion of bl(M)d-urea falls (Uice mon* to its normal h‘\'el. In tlie 
li(‘l(l in Southern Jlhod(*sia, Fiackie has stressed the great 'practical 
importance of this ])roc(‘dune He consid(‘rs it a life-saving mt'asiire 
and em])hasizes tliat. transfusions must he repeated until there is 
hamiatological ('videiict' of active ervthropoiesis. 

NiO'sinq is a most im{)ortant el(*ment in the management of black- 
Avater h'vcr. If the stomach Avili retain food, this should la* given in 
a bland and tluid form, but then^ should b(* ]io att(an[)t at forcible 
feeding, <'S|>ecially Avith rich and indigestible viands. One ])recaution 
against syncoj)e must ])e S(‘didousIy enforced : the })atient must not 
be allowed to sit uj), juucli less to get out of bed, until food has bt'eii 
retained and assimilated, and the risk of suddtai death lias passed. 
The halt of the bod should be raised on blocks. During con\'aIesc(‘nce 
iron therapiy, Avhich is easily tolerated, such as luenuilunc plastuleH 
(Wyeth), may lie given threi* times daily. lnj(‘ctions of livau’ extract 
are also indicated ; Otto and .Naumann hnd that injections of crude 
liver extract- {cojiipolon) in large doses considerably assist blood- 
regeneration, and furth(‘rmor(* that tliis substance (xxi'its a spi'cilic 
action ujion the livc'r. 

Usually a soA'en^ attack of bla(*kwater fever Avijx'S out tla* associated 
malaria, infeidion ; but this is not ahvays so, and a, relapse of 
fever Avith parasites in the blood is by no means an uncommon 
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occum'iicf. In nrdrr to ^uanl a;4iui]st this (‘(jiitin^^^eiic}’, an altt^r- 
courso of atobrin treat inent is ahvays advisable. 

Jf })()ssibl(*, the subject of blaekwater f(,‘ver should quit tlje endemic 
area, and never return t<j it or to any malarial locality; a severe 
attack, or a second attack, iiiiplyinf^" as it would s])ecial liahilit}', 
should be regarded as an ini])erative indication to this effect. 

PnoiuiYLAXis OF ]\Ialai{1a AM) Blackwatkii ]^'i:vi:i{ 

The basis of malaria })ro])hylaxis is tlje fact that jiarticular sjaades 
of niosquito(‘S are necessary for the ])ro])agation of the parasitt^s. 
('omplete extermination of mos(juitoes, or e\ eii of all anophelines, 
by antilarval measures has been found to be im])ossible. It is much 
more ])ractical to concentratt* on ])articular species which are known 
to be ef[ici(‘nt carriers of tbe disease. 

Anti-mosquito measures. In ortBr that anti-mosquito measures may 
hr rffrctivH'lv carried out, it is nrccssarv that a pnOifuinarv survry slioukl 
hr madr of thr malarious districts in onhu* to formulatr a plan ofanophrlinr 
hr(‘(‘ding-])larrs. A study of such a survey plan rnahl(‘s th(* sanitarian to 
d(*(‘idt‘ drfinitrly upon thr loralitirs iVom which thr malaria arises. 

In order to ])r(‘vrnt nios(jtiito hrr(‘din^ in strcnnis and irntcnva it is 
iK'rrssarv to yet as even and swift a tlou as possible without eddies or hack- 
waters. ddie stream should be canalized, that is to say, tlie sides should ba 
sloped at an anyle of to decrees. lambankinents shoul<l he lined with laree 
stoiK's and the vegetation eU'anal from the edoes. An occurnmee s|)LH*ially 
to be euard(“d against during the monsoon is llie formation of jjools after tht^ 
subsidence of extra high tlood. A stream thus treated is pra< tieallv s(‘lf- 
sterilizing (except w lien w«‘ are dealing w ith a sp(‘ci<'s of anopheline lik(^ 
.1. tnarulaf u.s which is specially adapted for liie in rocky streams. Springs of 
wat<‘r amongst rocks also afford suitable breeding-places t(» tlu* last-named 
sp(a ies. W’henexcr pcissible canalization should be supplement(Hl by oiling. 
Subsoil drainage can be employ(‘d in |)Iac(‘ of canalization and. indeed, forms 
an im])urtant featun* of estate sanitation in the Fedtu'ated .Mala\' States. 

S(rp(uj( , or infiltration of waU*r tlirough bunds or dyk(*s at th(‘ bottom of 
a hill foot, usually forms a fruitful breeding-ground for anoplK'liiu's. These 
st'epages ar(‘ esjieciallv met w ith in “ paddy " or rice fi(‘lds. liiDiniiuj su\i)nps 
in the course of a stn^am in l(‘vel country form dangei'oiis br(‘eding-s])ots. 
'I'Ih'V can lx* dealt w ith if the vt'getation is first removtal, w hen oiling becomes 
possible. Uorroir pits, foriiK'd usually in the jiroeess of railway eonstnudion, 
may, wlu'u several years old, form suitable breeding-places. When retamtlv 
(excavated the water is too muddy for anopheline larva^ to thrive, and when 
th(‘ borrow ])its contain larvivorous tish they an* usually innocuous and in 
this eontingi'iiey siiould not be treated with enesol. 'I'anks. in India and 

Ion, are seldom dangerous, but, if the margins are much overgrow n with 
vegetation, certain anophelines may obtain a foothold. When these tanks 
are used for washing (dothes (dhol)ying), the soap and other ehemi(‘al sub- 
staneccs em])loved an' fatal to mos(piito larva*. 

Rice fields are dangerous when the water is kept in continuous motion 
through th(‘ fields ; uiuailtivatc'd plots in U*rraced fields that are allowa*d to 
become flooded are especially so. In Java the drying-off of the fields through- 
out a tract on one day each week has been made* obligatory and is efficacious 
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without apparently damaging th(^ grovvtii of the rie(‘. To tlu^ inexperiemied 
eye there might seem enormous potentialities for breciding anophelines in 
paddy fields, but the riee fields themselves are not always to blame as mueh as 
the irrigation ditches. Standing smimps are not dangerous when they contain a 
large population of pnalaceous ins('ets and fish which prevent much anopheline 
breeding. In America these undrainable swamps have been rendered less 
dangerous by dusting with Paris green from an aeroi)lane. 

Mangrove swamps, especially in the Andaman Islands, are associate^d with 
virulent malaria due to the breeding of certain species of anophelines, especially 
A. ludlowi, in salines water. Sunlight also is lUMX'ssary for the diwelopment 
of these larvae. Thus the dense virgin mangrovt* forest is healthy so long 
as it is daily traversed by tid(‘s ; but when trees are cut down, or when bunds 
are constructed to interfere with tidal movamients, and derelict pools an^ 
formed which are gradiially diluted by rainfall to a suitable salinity, the 
breeding of ano})h(‘lines takes place. Drainage is difiicult at sea-level unl(‘ss 
there is a big tidal range. In Malaya, owing to the sixh'tm-foot drop in the 
tides, it has become possible to install automatic sluice-gates to the bunds. 

Smaller colleetious of water which, if overlooktal, may constitute a grave 
danger by breeding the dangerous species of anophelines, will next be (con- 
sidered. A sagging gutter may liold (mough water to supt>ort large numbers 
of larva^ ; moreover, a good deal of atmos])heric moistun^ is condensed upon 
the roofs of tropical bungalows so that the gutt(‘rs ar(‘ constantly bfung n*- 
plenished even in the absence of rain. It is probably b(‘tt(a- to remov(‘ (‘ave 
gutters entirely and allow^ the water to drip into shallow c(mient drains 
placed suitably round the bungalow. Hok's in ndUm trees may breed a 
limited number of ano})helines ; indeed one Eurof)ean s])eci(‘s. A. jdiimhens, 
breeds exclusiv('ly in this situation. Wells are a certain source of troubk‘ 
where th(cy are built within nativa* houses arid w here, in the absence* of light-, 
species (jf anophelines have ada])ted th<*mselves. In Palestine and Mac(*- 
donia thc}^ have been found to be the main br{‘eding-j)lace of A. hifureatus, 
one of the chief vectors of malaria in these regions. In Hombay (’ity the 
house wells are inhabit'd by A. sfephensl. 

Anti-mosejuito rules generally adoptecd are as follows : 

Surface drains - 'Vhesc slioukl be as narrow as possible* in pro}K»rtion to 
the amount of water they have to carry. The sides of the drain should be 
sloped at an angle of fiO degrees ; less steeply in friable* soils ; grass growing 
at- the bottom of the drain should be pulk*d out by hand. Lateral drains 
into the same channel should be altcrnaUcd so as not to bring in one from 
each side at the same spot. In some places, as in Trinidad, it has becen found 
more effective to blast tracks of drains by means of dynamite. 

Subsoil drains consist of unglazed collarless pipes buried becneath thee 
floor of the drain suflicient to carry the normal flow' from springs and seepag(*s. 
Unless these })ipes are aetually functioning for several montlis ejf the* year, 
the cost of theur installation is not justifiable. They are es[)ecially adaptable* 
to ravines, as in the plantations in the Itederatecd Malay State's. The*re* it is 
found advantageous if they are overgrown }>v a grass covering w hich pre*ve*nts 
silting and over-flowing. 

Oil .- — Oiling kills mosquito larvae probably in several ways, but 
mainly by suffocation and its toxic action. Green lias shown that the 
rapidity with which larvae die depends upon the volatility and toxicity 
of the oil. Crude liquid petroleum is preferable to kerosene oil. Its 
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spreading pow(‘r can bo improved by the addition of 1-2| per cent, 
of castor or coco-nut oil. In Pabisfine Kligler found the most effective 
mixture to ])e ] part of crude oil to 4 parts of keros(!ne, witli the 
addition of 0'l-0’2 pc^r cent, castor oil. Aiiti-vialarial oil (A.M.M.) 
is a mixture containing diesel oil, solar oil and kerosene put up by 
tbe Asiatic Petroleum Co. Pcsierinc is another mixture (jf oils, prepared 
by the Purmah Shell Oil Co. Liquid paraffin has been used l)y 
Swellengrebel and others in Holland. An almost colourless oil, it 
costs about £1 per cwt., and it is claimed that its effects are not vitiated 
by wind or rain, that it does not evaporate, and that it does not prevent 
mosquitoes from ovi-positing. 

Murray lays down the following conditions b^r anti-larval oils as 
far as fdm stability is concerned : 

(1) The oil slioiild contain either a small aromatic content or a very 

high one. 

(2) It should not contain 50 ]>er cent, aromatics, unk'ss they are very 

high-boiling (e.g., of lubricating base fraction), it should consist 

of a mixtiiie of wide and overlapping cuts of oil. 

(3) It should not contain fats, or fatty acids, added as spr(‘ad-aiders. 

If the presence of thesc‘ is desired, resins should be employed. 

I’lie oil may be applied to the water in several ways. Spraying 
consists of forcing tlie oil under ])r(‘ssure through an atomizing nozzle 
from a sp(‘cial machine. Of th(‘ various pattcaais the “ Kent ” sprayer 
b(‘st suits th(* capacities of the troj)ical labourer. Sprayers should be 
Ihtt'd with leal her or flexible metal adjustments, as })etroleum oil 
})erish(‘S rublxT in a few days. For road-side ditches oil carts may be 
used, but for all ])urpos(‘S the knapsack sprayer is the most adaptable. 
The best oil for the ])ur})Ose is a heavy oil which will issue from the 
sprayer as a tine cloud and s])read uniformly over the water. Oil 
swabs, or cotton-wool stc‘e]a*d in oil and weiglited down b}^ a stone, 
wluai thrown into water are ideal for rock springs and running streams. 
Palls or “ giiddas ’’ may be made of tow or sacking weighted witli 
stones, and, aftc'r being soaked in heavy oil, are thrown into pools. 
Th(‘ oil gradually oozes out and comes to the surface. A “ gudda ” 
is shaped likt' an ordinary pillow and is 28 in. long by 16 in. firoad. 
It is made of sacking and will soak about two gallons of oil and last 
about three* months. Ijocal bullaloes may be made use of by oiling 
them by night, so that when they “ wallow ” the next day they act as 
animate “ oil bombs.” In certain malarial districts in the United 
Stat(‘s oil-soaked sawdust has been found to give a more complete and 
])(‘rmanent oiled surface. The material has the advantage of being 
easily transported. The oil gradually exudes and spreads as an even 
lilm over the surface of the water, entering the sjiiracles and breathing- 
tubes of the larvie and suffocating them. In l‘anama drip cans and 
barrels are used from which the oil constantly drips from cork wicks 
or through holes from which nails project. Their value as an oiling 
9 
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agent is less than tlial of sprays. Oil imisl he applie d at sevcihchuj 
intervals; any deviation from this ruh‘ will afford a gene'ratioii ol 
anopheline larvie ample oppodunity to hatch out. If projXTly Irt'atiHi, 
the vegetation at the margins of tlK‘ str(‘ani or pond should l)e huriKal 
down for a foot on each side, and water-])]ants such as Spiroijyra 
should disappear. 

Cresol is the basis of the many disinfectants on tlie market, and 
should be present in any compound in a strength of lo ])(*r cent. Hcdng 
capable of killing larvae in a dilution of 1 : 40,000 witliin tliree hours, 
it forms an excellent larvicide, but it kills off all otheT forms of life at 
the same time. Fish killed in this manner an* distinctly ])oisonous 
if eaten. Cresol is very useful in j)onds and standing water when 
oil cannot pen(*lrate or is blown away by })r(*vailing winds. In 
Panama the following preparation is us(‘d : 200 lb. of linely-cruslu‘d 
resin an^ thoroughly mixed with .15 gallons of crude carbolic acid ; 
30 lb. of caustic soda dissolvc'd in 0 gallons of water are added, d’his 
mixture, which is highly poisonous to larva* in a dilution of 1 : 10,000, 
forms an emulsion when added to fresh water. It may also be used 
as a diluent for heavy oil. 

Paris green, an expensive compound, is coj)p(^r aceto-arsenite and, 
in the quantities used for anti-mosquito work, is said to be harmless to 
other forms of life ; the })articl(*s are eaten by tlu* anoplu*iine lar\ a* 
and act as a direct poison ; culicine larva; are not aflectv'd in tlu* same 
manner as the surface-feeding anophelines : fish are not killed. The 
powder should be intimately mixed with om* hundrt*il tinu'S its weight 
of finely-sifted dry road-dust, or soa])stone, and sown by hand, down 
wind, over the water at the rate of 170 gr. of Paris gr(*(*n ])er tt'u scjuan* 
f(*et of water surface. The leiigth of tina* tho })arti(dt*s remain atloat 
depends upon the surface tension, and tlu* more plentiful the Vi*getation 
the greater this is. In America (western Tt'niu*ss(‘e and northern 
Alabama), dusting machines have* lu*(‘n inv(*nt('d for this pur])ose, and 
in large marshes tlie services of aeroplanes have be(‘n call(*d into us“. 
The dilution obtain(*d for this ])urj)ose is 1 : 3, sp(‘ed fit) miles an hour 
at a height of 2e5-20() ft. ft is believ(*d that one })lane can co\ er 
20 square n)il(*s a day with this substance. 

AnopheUus quadrirnacuhitas is the sj)eeies must easily coiitrolled by tbi 
method. 'Tlu* at'roplane designed for the purpose is a Stearman, model 4-1), 
oj)en bi})laiie witli a 300 h.p. motor. The K])eeial equipnu'ut consists of a 
plywood hoj)j)er of 21 cubic feet capacity installed in front of the pilot's 
cockpit, so as to j)lace the dust load as near the c(‘ntre of gravity as })ossible. 
The cost of operating a dusting aeroplane works out at $40 ])(*r hour. Thirty - 
three acres per minute can be treated for $0,307 ])er acre, but perfect dusting 
weather conditions do not always occnir. Aeroplane dusting for ano|)heles 
control on impounded waters is practical, (‘ffective and economic. In India, 
Brasier-Creagh advocates the D.H. 83 Pox Moth as the most suitabk* machine, 
with structural modifi(;ation, including a hox)p(;r and a Ventura tulu*. The 
pilot should wear a canvas suit and gas helmet. The cost works out at 
two to three shillings per acre. 
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Grecnglide, a. preparation made by Craven k Co., Evesham, has an 
advantage over crude l^iris green in so far tliat it will float for weeks. 
Ifs composition is : 

Arsenious oxide .... 55’37 

(>)])j)er oxide . . . . .31*12 

Water-soluble arsenic .... 1*()0 

(ireat success has attended this method in the ]k)ntine marshes and 
in Sardinia. TJie frequency with wliich Paris-greening should be 
iinderlaken varies in different localities and depends upon the rate of 
devt'lopment of tlu^ larva*. 

Gojyper sulphate is (‘S])eciu]]y useful in tanks where water is stored 
for drinking purj)Oses and where sheets of alg® are sheltering larvae 
Its action is not direct upon tlie larva? themselves, but is one of 
starvation by killing off their food supply. 

Sfoxal, of i\Iessrs. Poulenc, is a special preparation of formalin, or 
})araform, iwid is regarded by Koubaud as being most d(*structive to 
ano[)heline larva*, while at the same time harmless to fish, and in this 
res})(*ct superior to Paris green and other arsenical j)owders. It is 
an extn'iiK'Iy light powder of great buoyancy, and yet so fine and 
impalpable that its })articles can be ingested by the smallest larva*. 
Peing so light it can bo dispersed over great distances by the wind. 
One centigramme of the powder suflices to kill all anopheline larva* 
over om* square metre of surface. The surface of the water must be 
agitated so that the powder sinks and forms a suspension. For 
ordinary use it is mingled with fifty times its volume of dry sand and 
the mixture is then distributed by hand or shovel. On reaching the 
water the stoxal dissociat(*s from the sand-grain and forms a film 
fatal to ano])h(‘line larva*. 

Oil-hurriing of 7/n/r,s7e’.s‘. Waste oil is employed. A mixture of 
light shak* and lieavy fuel oil has been found best. The marsh is 
well oiled and the oil then ignited by means of oil-soaked waste. Once 
the fire has started, and is spreading, it is fi'd by sprays of light oil 
ijected from garden syringes. When the heavy oil catches fire it 
burns for hours over \ (*getation and shallow stretches of water. Oreat 
numb(*rs of adult moscpiitoes can thus be destroyed, and shallow 
larval-containing pools dried up ; even, in the case of deeper water- 
str(*tches, the larval stages are to some ext(*nt eliminated. 

The Hay jlamc-yun or flame projector, manufactured by ^fessrs. 
Hubbard Pros. Ltd., Pasingstoke, Hants, weighs between 50 and 
t)0 lb. and is a (‘ylindrical steel container filled with a mixture of 
inflammable oil. The machine will project a continuous jet of liquid 
fire to a distance of 80-90 ft., lasting for half a minute. 

The prevention of mosquito breeding in uncovered and unscreened 
wells has peculiar difficulties. Oiling water with })etroleum is apt to 
mar its taste. Williamson has recommended the liberation of gases 
and vapours for this purpose in wells. Paraformal (3 oz. per square 
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yard) vaporized at ilie bottom of a tJiree-foot «haft wil] kill anopheliiio 
iarvic in half an hour. Sulphur dioxide acts by a(ddifying the water. 
AVhen using gas(?s, wells should be closed, and for tliis purpose a portable 
parachute to be lowered into the well has been devised. 

Mosquito-netting.— It is very necessary that the mosquito- 
netting used should be of reliable quality and should keep out all 
mosquitoes. In order to do so it should contain as many as 25 or 
26 holes to the square inch^ (I^i?- varieties are known 

as “ bobbin ” netting, and should be woven of 30’s cotton ; by this 



Fig. 12. Mosquito-netting, 25/26 holes to the sq. inch. 

{Mac Arthur, ,11. R.A.M.(\) 

is meant that I lb. of the thread will r(*ach BO times round a circum- 
ference of 840 yards. 

The nets must be us(id invariably. Idiey should be tucked up under- 
neath the mattress before retiring to bed. Some prefer to allow the net to 
hang down so as to reach the floor, but if this be done, care should be 
taken to see that it is in contact at all points, since otherwise the 
insects may crawl in underneath. During the daytime the net should be 
rolled up and placed behind the head of the bed, and all necessary ])recautions 
should be taken to see that it contains no mosquitoes before being arranged 
for the night, otlierwise it becomes a mosquito “ trap ” and not a protection. 
Light attra(‘ts mosquitoe!S, therefore the cautious tropical resident w ill see 
that he is adequately protected by his mosquito -net ting before going 

^ It is necessary to explain that the square inch of the not trade is not that of the mathe- 
matician ; it means that the count is made along two lines of holes which fall within an opening 
one inch square (Fig. 13). Thus it does not mean that there are actually 26 holes to the 
square inch — in fact the more exact number would be about 160. 
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to rest in a brightly illuminated room. For the same reason the blinds 
are best kept down while preparing for the night, to be drawn up again 
immediately the light is put out. 

When travelling by train in a malarious country, dilhculty is often 
exp(Ti(meed in suspending a net in a railway compartment. Small hooks 
attached to rubber discs which will adhere by suction to any smooth surface 
will be found most u8(;.‘ful for this purpose. 





big. 13. Shows the cor- 
rect method of counting 
the mesh of cotton netting. 
The mesh of this net is the 
sum of the counts made 
along the lines A B and A 
C, the hole at A being 
counted twice. (MacAr(//ar. 

Jl. li.A.M.C.) 


The body should he covered up during 
sl(a‘p, and every precaution (e.g. fires) that 
circumstances permit should ])e employed to 
keep mosquitoes away. 

The subjects of malarial infection are 
dangerous to t heir com])anions ; they should 
tlKTcfore be avoided, or, if tins is itupractic- 
a])le, comp(‘lled to sle(‘p under etlicient mos- 
(juito-nets. Mosquito Ixtois of soft leath(u- or 
canvas or Widlington boots -protect th(‘ 
aidd(*s and h.-gs in the evening : for ladies, 
a ])illow-case drawn up over the legs and 
fiH-t is a usid’ul j)r(“caulion. doss-sticks may 
h(* burned ufulcr t he t abh' to deter mos(juitoes. 

'rh(‘ dapan(‘S(i ])at tern — “ kathol coil’' — is 
nHMumiK'nded. Veils ond qlorcs ar(‘ us(‘d to 
})rot(*ct soldi(‘rs and others on night duty. 

Mosquito repellents. Fumiijntion. Chinks in doors and 
windows sliould be closed ; one window only should hdt uncovered, 
and a white slaxd should l)e placed on tiie floor in front of it. The 
mos(piito(‘S, being stuj)itied by fumigation, will fall on tlje slieet and 
then can easily be st‘('n, swept up and burnt. .Mos(] uitoes may be 
driven out of railway carriag(‘s, ships, or barges by careful fumigation. 
For this purpost? \ arious substances have been recommended, of whicli 
])yrethrum powih'r is probably the most (dTi‘ctivt‘. ]*vrethrum powder 
{lAjrcfhri jlorcs) is mad(‘ from the dried llowtu'-luaids of the pyrethrnm. 
It forms th(‘ chi(‘f ingredient of many insect powders, such as Ki'ating’s. 
Thf^ ])owder may be usial dry and juifted into the air of the room. For 
fumigation, it is lumped up in an iron })ot into a little pyramid, which 
wIkmi lighted burns slowly, giving off a chaise and pungcait smoke. 
One pound is mmessary for J,()()0 cubic feet of space, and the room 
should be kcqit closed for thr(H‘ hours. ^ 

Suljdiur dioxide, when usinl in the Clayton apparatus, and the 
vapours derived from cresol or hydrocyanic gas are also employed. 

Flit, a proprietary prc'paration, has many advocates, but is ex|)cnsivc to 
use on a large scale. 

Many other projirietary sprays are on the market, most of them having 


^ for further detiils the reader in referred to “ Malaria (ontrol by Auti-inosquibj Measures,’’ 
by Gordon C3ovel]. Thaoker, ISpink & (’o. 
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a basis of keroscMu* oil. Tlie followini^ may be mentioned : Klytox, Mos(juil, 
8hell-tox, Whiz, Flyosan, Fly-ded, Neeroseiie, Kids, Alio S])ree and Abis. 

The cost of these preparations is so hi^h that most sanitarians use a 
locally-prepared mixture, such as that of Krug and Van Slooten (a mixtiin^ 
of kerosene with 2 per cent, of carbon tcfrachloride) knou n as ‘‘ rids.” The 
mosquitoes, stupefied by the sf)ray, are burned immediately afterwards, but 
sprays of this nat ure must not be used in the vicinity of naloMl lights. TIkuc 
is usually a very (X)nsidcrable movement of anopheles in and out of buildings, 
so that spraying must be repeated at frequent intervals (2-4 days), ddie 


formula of several sprays is as folloA\ s : 

( 1 ) Giemsa’s spray : 

l\yrethrum tincture ..... 580 f)arts 

Potash soa]) . . . . . .180 ,, 

Glycerin ....... 240 ,, 

Diluted with 20 volumes of water befort' us(‘ ; 100 

grammes of the fluid sullice for .50 cubic m(‘tres of spac«*. 

(2) Lefroy’s spray : 

Pyrethrum . . . . . . . 2 lb. 

Alcohol ....... I gall. 

Saprol ....... 1 gall. 

Soap ....... 7. S', to 

form an emulsion; usually about 10 ounces. In hot 


climates add ^-2 j)er (rent, of castor (»il. 

Dilute 1 in 30 before us(*. 

(3) Army fly spray : 

Pyrethrum powd(‘r . . . . .117 part s 

Spirit, rect. . . . . . . 912 ,, 

Camphor oil . . . . . . 780 ,, 

Powdered hard soa]) . . . . .2-37 })arts 

For ])ersonal use many oils and ointments have been advocated ; they 
are smeared on the hands and face, ddie proprietary preparation known as 
Sketofax is recommended by many. Kamber oil has a big re])utation ; this 
(.•onsists of oil (jf citronella 1?, parts, kerosene 1 part, coco-nut (jil 2 ])arts, 
made up with 1 per cent, crarbolic acid as a preservative. Cod-liv(‘r oil 
rubbed on hands and face is highly rectom mended. 

As oil of citronella, used as a mo.squito-repellent, often irritates the skin, 
the following formula (Army ollicial anti-moscpiito cream) has been found to be 
effective : 

Oil of citronella ..... 1 8.25 per cent . 

(Jamphor . . . . . . 1.0 ,, ,, 

Cedar- wood oil . . . . . 9.0 ,, ,, 

Parallinum durum .... 26.25 ,, 

Parafiinum mollc (white) . . . 45.0 ,, ,, 

The paraliin should be melted and otlau’ constituents 
then added. Th(‘ mixture being well stirred, it should be 
bottled and cooled rapidly, preferably by placing the bottk* in 
a basin of cold water. It is also useful for sandflies. 

The following mixture has the additional advantage of rediuang insect 
bites, but is very irritating to the skin, es})ccially that of the face, when used 
as a repellent wlam the weather is very liot : 
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01. cinnainoini .... 

01. cajupiiti .... 

Formalin (4()-})er-c(‘ni. tormaldohyde) 
Alcohol (9()-})or-ccnt.) ad 


7>ii (7-J c.c.) 
7)i (3-55C.C.) 

7)i (3-55 c.c.) 

5 iv (28-42 c.rJ 


4’hc irritation ol a l)it(‘ ?nay also he allayed by nd>hin ^4 the ]Hinetiire with 
a moist cake of soap, or by applying l-])er-cent. alcoholic solution of menthol, 
or a 1 : 20 carbolic solution. Hydrogen peroxide or weak ammonia solution 
is also useful. 

A dilute solution of magnesium sulphate, 1 ounce* to 10 ounces of water, 
af)pli(*d to the skin is said to act as a preventative* against mosfpiite)-bite^s ; 
it has the advantage* e)f being clie-a)) anel ne)t irritating. The juice of a fre*sh-eut 
lime*, fruit rubbed well into the skin anel allowe*(l to elry is an exejellent 
])re‘ventative. 

These* me*asures are uneloubte-dly of some value, but the'V are tedious anel 
sometirne's disagr(‘e*able* tf> af)])Iy, anel must only be* looked upon as adjuvants 
lo e)ther me*asure‘s te) pr()te*ct from me)sejuile)-bites. 

Direct chemoprophylaxis. -At j)re*s(*ut doubts are Ijciug o\- 
presse'el upon the* value* of (juinine* as a true* ])ro])}iylac*t ic in malaria. 
Stott's e‘\pe'riine*nts witli native Inelian troo})s. of which one-half 
(ov(*r 8,()()0) re*c(‘ive‘(l ])rophylae*tie‘ ejuinine* (ejuinine gr. lo threa* times 
weekly for li\ e* months) wliih* the* other half diel not receiw* any, showed 
approximate*ly (*e|ual admission rate*s te) hospital for malaria. (\*lli’s 
well-known ligure*s for n*lativ(* value e)f j)ro})}iylae*tic measures were; 
as follows : 

Meisejuite) protection and e|uinine j)roj»hylaxis l-Tb pe*r eent. infected 
Mosejuito })rotection alone 2 o ,, ,, 

(Quinine projihylaxis alone 20 ,, ,, 

Ne) j)rotection at all 33 ,, ,, 

The' experience of the (ir»*at War was, on tlie* whe)le, to discredit 
its ])roj)hylactic value*. The })ractical outcome is that (|uinine pro- 
})hylaxis is inapplicable te) scat tercel be)eiies of men under inadee]uate 
meelical su])e‘r\ ision. 

Yorke anel Mactie have* she)wn that uneler experimental conditions the 
sporoze)ites injecteel by an infecteel meesquito are not dcstroyeei or harmed 
(‘V(*n when the patients are taking 30 gr. of ejuinine daily ; that is te) say. 
the the'rajeeutic dose of ejuinine does not prevent the onset of a malarial 
attaerk ; in other words, against the sporozoite, ejuinine is apparently in- 
e'tfective. (Quinine has no elireet action nj)on the })laemodia in the trophozoite^ 
stage, as was shown by Muhlens and Kirschbaum, who mixed a quantity 
of malaria blooel with a solution e)f quinine, 1 ; 10, (KH), leaving the mixture 
for twelve he)urs, but ye*t were able to infect a patient by direeT inoculation 
and, still me^re, were able to she)W’ that A. maculij>en)iis may still be infected 
by fe(*eling on a malaria subject w ho is taking quinine. 

Whatever may he thought of quiriiue prophylaxis as an army 
measure, there can be no doubt that most residents in tropical countries 
lay great store by it, and it is among the European officials and settlers 
on the Congo and in East Africa that a systematic quinine prophylaxis 
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is most approc'iatod. It is therefore, for tlie ])r(‘seiif, advisable to 
give 5 gr. of quinine hydroeliloride in liquid fonu, every nigljt, or 
15 gr. twiee weekly, or on a week-end system for two consecuti\’e 
days (Kocdi) towards evening in highly malarious eountri(‘s, hut 
probably in the near future our ideas r(‘garding ifs ]iraetieal ajiplication 
will have to luub'rgo modiheation. If it is not a parasitic prophylactic, 
nearly every one is agreed u])on the value of rcijuhir (piinine })ro- 
phylaxis in mitigating the clinical jdienomena of malaria and in 
preventing the ons(‘t of black water fevc*r. 

Plasmoquine chemoprophylaxis. — In England more than fifty 
experimental trials have b(*en made on this subject. In all the tests 
it was pro\ ed that the infecting mos(|uit()es wen^ really ivjeciive by 
dissection of the salivary glands and by using untn'ated patients as 
controls. IIk^ amount of plasmoquim‘ iH‘C(‘ssary to pn^vcait infection 
has varit'd betw(‘en O'OO and ()'08 grin, daily, and this must b(‘ given 
at least three days before and at least five days subsequent to the 
infecting bite. W itli smaller doses of plasmoquine, which are naturally 
much more easily tolerated, there have be(‘n many more failures than 
succ<\ss(‘s ; but, aj)})arentl 3 % the incubation period of the malaria 
attack is postpojit'd for a considerable pt^iod (in benign t(*rtian from 
three to six months). In a few of the ap])anait successes with smaller 
doses there' was an “ abortive attack ” within the usual incubation 
period, followed some* months later by a true attack fr(‘cru(b‘scenc(‘). 
It is probably true, at ])resent, to state that true cliemo})ro})bylaxis of 
malaria can be attained, but only witli such doses of ])lasmo(juine as 
are jxu'ilously near the toxic limit, doses which cannot jeossibly be 
toI(Tated by residents in troj)ical malarious countries. Although 
IlendeTSon (1831) in tb(‘ Sudan has succeeded in reaiucing the morbidity 
from malaria in a, population by two-thirds by means of a daily dose 
of 0*2 grin. ])Iasmoquine, there is insufficient evidenct' to sliow that it 
is of gr(a\ter value tlian atebrin or quiniiu*. 

Mosna has found that quinoplasmine, 0-02 grm. given twice winhly 
to adults and proportionately l«‘ss to childnuj, during live months in a 
byperendemic area. resu]t(‘<l in marked rt‘duction of morbidity in the 
gcJKTal j)Opulation and a marked reduction of incidence among small 
(diildren and babies. 

Atebrin chemoprophylaxis. — The idea has been (‘xi)r('ssed tliai 
])ossil)ly atelnan could act as a malaria ])ro})liylactic on account, of its 
})ro])erty of bdng stored or retained in the body. Atebrin has Ix'en 
exbil)it(‘d in ()'8-grm. doses ovct a })eriod of 5-7 days, and do{‘S i]ot 
prevent j)enetration of the sporozoites into the tissues but })ossibly acts 
upon tli(‘in wlaai they hav(‘ (‘ntered the bIood-str(‘ani. James and 
Shute have j)erformed experiments with atebrin similar to those with 
plasmoquine and have suceeediai in delaying the attack of malaria for 
as long as thirty-tbr(‘e to thirty-seven weeks after mosephto infection. 

For prophylactic purpos(‘s 0*1 grm. of atebrin app(;ar to bo more 
effi‘ctiv(' than 0-3 grm. of quinine. 
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A\Vcl\]y of 0-4 gmi. aro sufficieut to Diaiutain health. A daily 
(lose of O'Of) grin, of atehrin (half a tablet), on account of its slow 
excndion, is not advisable. 

Tlie re((uisit(‘ d(js(‘ is 0-4 grni. w(!elvly, pnderahly in one dose of 
0*2 grin, on A\Vdn(‘sdays, and a sc-cond similar dose on Saturdays. 

('hildnai may hc^ givaai : 

Up t() 2 y(*ars, (M);") grra. (half a tablet). 

2 4 years, O-ClTo grrn. (tliree-qiiarters of a tablet). 

,') (S years, O J grin. 

Over H years, U-2 grin. 

The dos(‘s are giv(‘n with two clear days’ interval aft(‘r each. Hoops 
writes (‘ntlmsiast ically of this method in su])pressing the clinical 
maiiif(‘stat ions of malaria in a labour force in Malav;i. 
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HUMAN TRYPANOSOMIASIS 

Definition.— i\Ior])id conditions j)roduccd l>y ])arasites l)olonjL,dn;; 
to tlie genus Trypanosoma, including irregular and chronic fevtu', 
skin eruptions, local (pdenia, adenitis, pljysical and na'iifal lethargy 
and, in a large })roportion of cas(*s, death. Tie* trypanosome is sj)r(‘ad 
by the tsetse flies ((jlossina) in Africa, and by Avinged l)ugs {Ueduri'ifhr) 
in (A'litral America. 

The trypanosomes are blood ])arasiles which arc widely distri- 
buted in animals, especially in big game, in the conutries in which 
these diseases occur. Tlu'se animal hosts act as reser\(>irs of the 
trypanosomes which cause disc'ase in man. The g(‘ogra})hical distri- 
bution of human tryj)anosomiasis is shown in Map I ; that of the 
Africa]) forms in ]\la]) JJ. 

L AFIUCAN HUMAN TUYUASOSOMIASIS 

History. — Human trypanosomiasis, or sleeping-sickness, has he(*n known 
tor well over a century, but it was not till .sonu* thirt \ -eight \ t‘ars ago that the 
pathogenic cause was definitely recognized. In 1901 Ford(^ (‘ucountered a 
trypanosome in the blood of a European suffering from fever in (lanibia. 
In 1902 Dutton found a similar organism in the blood of a native of that 
colony, and suggesUal the name of Trypanosoma gambivnsc to designate the 
})arasite. In the ru'xt year ( ast(‘llani found the trvpanosom(“s in the cerebro- 
spinal fluid as well as in the blood of sleeping-sickness cases in Uganda ; 
and his suggestion that the ])arasite is the cause of the disea.se was fully 
confirmed by Bruce, Nabarro, and others. (Fig. 14.) 

( i A M m K N s S J K T 1 N u -S 1 c Iv K )•: s s 

Geographical distribution (Map II).- The distribution of 
this disease corresjamds roughly with that of the tsetse fly, (Jlossina 
paJpalis. It is found in scattered areas on the (iand)ia, in Sierra 
Leone, the (lold (\»ast, Nigeria, th(‘ (’aiiKToons, the South(‘rn Sudan, 
and Uganda ; but its main stronghold is along the waters of the Congo 
and its branches. In the Sudan an (uidenjic focus (ixisted in the Bahr- 
el-Uhazal Province, but has greatly diminislu'd in extent, thougli 
(Uossina palpalis is found in a belt, I, ()()() miles long, ranging towards 
Darfur. The most southerly focus in Africa has Ixhui found in the 
Okavango and Chobe swamps in Ngamiland, on the hordcTS of the 
South African Union. 

i^)tiology . — Iseither age, sex, occupation, nor race 'per sc has 
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any iullucnc-e on ilu! susceplibility to trypanoHonio infection, except 
in BO far as those factors conduce to opportunity. Thus, Bchwetz 
has found a l)al)y of twtMjt.y days old infected in the Belgian Congo. 
Occu])ations fhoatiiK^i, iisherinen, water-carriers) which entail frequent- 
ing of till* wat(‘rsi(le haunts of the glossina conduce to ijifection. In 
coimnon with oIIku' trvpaiiosoni(‘S, 7’. (fanihiense (Fig. 14), as seen in 
fn'sh hiood, is an active, wriggling organism, liaving a spindl(*-shaped 
body whicb is slightly coiiinressed laterally and s[)irally twisted, 
dividing forms are soiiadhia^s met with. 

There is no imiformity in the number of ])arasites present in the 
blood : sometimes they are fairly abundant, one or two in each held 



14. 7 'rt/pdh <iina gamftirHsc : various forms from 

hiood and cerebro-spinai fluid. 

n, eioricatrd poslcriur oxtreinii y ; /», blunt dilli) ; c, ti. uml e, dividiuL' forms; / :iiid //, 
proliiilily lorm-;, </, small round lorru-s from i-orobro spinal Iluid. 

of the microsco})e ; at other times, and in the same ])atient, it may 
be dilhcult or impossiblv*, t‘vt‘n afti'r ])rolonged search, to find a single 
sjxHamt'ii ; in some instances tluw tend to nxuir cyclically at intervals 
of a \^•eek or more. On the whole, althougli this is by no means 
invariably the case, tlu* jxirasitfs are most abundant in the blood 
during the hd)rile attacks to which the hosts are so subjt'ct. The 
l)lood appears tt) be not their only or jtrincipal habitat. They are 
usually found with ease in the enlarged lymphatic glands, and also 
occur in the cerebro-spinai tluid, as well as in that of the serous cavities. 
They ha\ e been found also in the substance of the solid organs, including 
the brain, tvhere they are distributed throughout the tissues outside 
th(‘ blood-vess(ds. 

The parasite may be cultured on N.N.N. medium (see p. 1039). It can 
usually be inoculated into most mammals, including all the ordinary domestic 
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and laboratory animals, and is especially pathogenic for the rat, but consider- 
able variations in virulence are encountered. Monkeys, especially Cerco- 
pithecus patas, and dogs arc susceptible, while amphibia and reptiles are 
immune. Inoculation of susceptible animals may be us(xl for demonstrating 
the presence of the parasite when they occur in very scanty numbers in the 
peripheral blood, and is sometimes successful in those rare cases where they 
cannot be found after careful microscopical examination. 

As shown by Laveran and others, these trypanosomes undergo agglomera- 
tion, both in blood and in artificial cultures, when exposed to unfavourable 
biological conditions. 

How long a trypanosome infection may persist in the human body has 
not been definitely determined, but there is direct evidence that it may 
continue for many years. From what we know of the incubation period 
of sleeping-sickness, it is not improbable that this j)eriod is sojuctimes greatly 
exceeded, and may extend to seven years or longer. 

Tra}i.'^Niissio}i,--This trypanosome is not usually transmitted 
hereditarily in human beings, althougb the organisms have been 
found in the placental blood of infected rats, as \v(dl as in the livers of 
their embryos. As itj kala-azar, intrauterine congi'iiital transmission 
occasionally has been noted, and in (Jerinany tluTe is a record of one 
case having occurri'd in a bhiroj)ean (Midilens). 

Darre and his colleagues recognizt' the fn^piency of h«*r(‘ditarv 
IrypanosomiMsis in the Fnaicli Congo and hav(Ml(‘monstrattMl try})ano- 
somes in the cendjro-spinul fluid of a child born of an infected iiudher. 

Role of the tsetse fly as transniitthuj agent,— There is no ('\ idence 
that biting flies otlier than the tsetse are concermal in the spread 
of human trypanosomiasis, hut there are ap})arently two ways in 
whi(d] this fly is able to transmit the trypanosome: (1j cyclical, 
and {^1) mechanical. 

(1) Cyclical transmission. originally dcmonstraU‘d by F. K. Klcinc 
in 1909, T. gumhiense undergoes an endogenous cycle of dcv{‘lo{)mcnt in the 
circulating blood of the vertebrate. Certain short forms are regardeni as the 
adult or metacyclit; type', and tlu'y ale)ne are re'sf)e)nsil)le‘ for e^arrying em 
the exogenous cycle-. When taken uj) into the fly (Kig. Id) the trypane)se)mes 
first multiply in the mief-gut, anel, if the cemte-nts of the intestine at this stage' 
are injected intej the suseH'f)tible aniTual, they do neet ce)nvey the infection. 
After an elaborate deve^lopmenl, lasting 12 20 days, the infective forms ejf 
trypanosomes become congregated in the salivary glands. (For further 
details, see p. 873.) 

There is no doubt now that transmission ordinarily occurs threiugh 
f he bite of infected flies, th(j tryjianosomes passing threiugh the salivary 
dued in a similar manner to the sporozoites of the malaria parasite*. 
The adaptation of T. gavihiensc to G. palpalis is remarkably spe'cifie*, 
for the parasite normally eh'velops in this fly (Plate V). In Western 
Nigeria and in certain districts of the Gold Coast, however, Glossina 
tachinoides has been found infe'cte^din nature and is mainly responsible 
for epidemics of sleeping-sickness in those countries. There is no evidence 
that the tsetse fly can transmit the trypanosome to its offspring. 
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Vail Hoof, Honrard and INud liavo found tliat tho index of cycdical 
transniissibiliiy of trypanosomiasis on the Congo can be calculated by 
the formula — 


I - ind(‘x of cx’clical transmisHibility, th(i nuin})er of glossiua whicdi 
after th(3 liftef'iitli day \v(3re found to liarbour trypanosomes ; 
n - the total number 


of pjlossina found 
during the whole 
exjX3riment ; and 
N number of glos- 
sina dis8eet{‘d 
during tlie vx- 
periment. 

Tlie mean indt^x of 
transniissibility for the 
Congo is 8*t)d : (be index 
of inb'ctivity is (M7, and 
th(‘ ni(*t acyclic index is 
()•()! ])er cent . 

(2) Mecfianical irdJis- 
ffiission. — Huke, in Vgan- 
da, has suggest(*d, on 
(‘pidemiological grounds, 
(hat mechanical trans- 
mission by t)i(‘ glossina 
of a virulent strain of T. 
(f(nu\>icnsv from man to 
man may b(' responsilde 
for some epidi*mi(*s. 

Ixcscrroir-liosts. - - In 
the plateau province, 
Northern Nigeria, Taylor 
linds that, in the absence 
of game and suitable 
aquatic reptiles, which 
form the normal luifTers, 
the fly f(H‘ds for the most 
part on man. Tho ques- 
tion of shade, which is 
ordy to be found in tho 
vicinity of native villages, 
is also to be considered. 
The combination of these 
factors has conduced to 
an extraordinary degree 



Pig. 15. General view of dijjcstive tract of 

OVi piiJ paiis. {Aft<‘r Mitichiu, “ lie port 

on n(j-Sickni\ss to the Rot/dl Sitdeti/.") 

ri pharynx; G's., ifsophaL'iis ; C. s. d., com mi n 
salivary duct ; S. d., salivary iiucts ; J’ro., pro- 
vimtriculus ; Th. in., thoracic intestine; S. st., 
suckinp stomach ; S. p., salivary fjlands ; Abd. iu. 
abdominal intestine; R., rcc»^um. K. amp., rectal 
ampulla. 
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of contact between the tsetse and man. The rate of trypanosoiiK' 
infection of the fly is correspondingly high. There are other 
areas, in Uganda, where the same condition has ])een noted. C'on- 
siderahle attention has Ix^en drawn to the wild game which act as 
reservoirs of the infection. It has been proved that eleven common 
kinds of antelope (hushhuck, reedhiick, and waterhiick) can he 
inoculated ^viUi T. (i(nnhievse by feeding upon them experimentally- 
infected tsetse dies : furthermore, it has h(‘en established that certain 
of the marsh-haunting antelopes, es})i‘cially the situtunga — Speke’s 
ant(dope {lAvinoiracjns sjwliei ) — are quit(‘ commonly inb'cted umbu’ 
natural conditions with T. (jatnhiensc, and Duke found that antelopes 
of this species persisted in an infected statt' in tlu' islands of Victoria, 
Nyanza four and a half years after the population had been removed 
by Government orders as an attem])t to check the spread of sleeping- 
sickness. 

Speke’s antelope {Livinotragus apeJcei) is a handsonu' animal standing 3() in. 
high at the withers, the buck possessing fine sj)irally-twist(‘d horns. In 
ground-colour it is of a uniform greyish -brown, but the head is adorn(‘d with 
white ocular and cheek spots and a white chin. A very wary creature, living 
in dense and impenetrable papyrus, it is .seldom seen or shot by Eurojx'ans. 
The hoofs of this antelope are long and widely 8j)laved, an admirable ada])ta- 
tion to its habitat, but when living on dry land th(\v b(‘eome shorter and 
modified accordingly. 

The domestic stock must be now considen'd to constitute a n*servoir 
of infection for man, since T, (jamhiense has been found by various 
observers in oxen, goats, and sheeji in Tanganyika Territory and 
East Africa. Van Hoof states that in tlu' Belgian Congo the domestic 
pig forms an ideal reservoir host, and he found intect<‘d specimens of 
these animals which bad b(‘en reared in Leopold vilhe In the ])ig thi^ 
trypanosome dot‘S not jtroduce the slight(‘st j)athological (d’ftads. 

Pathology. — The chi(‘f lesions are found in the lym])hatic glands 
and in the central nervous system ; there is general (‘idargement, 
with congestion and, it may be, haemorrhage of the lymiphatic glands, 
especially those of the triangles of the neck and submaxillary r(‘gioii 
and the mesentery. 

No gross lesions of the nerve-centres, or of any other organ, have 
been described as invariably present; but in every case indieat i(jns, 
])rincipally microscopical, of an extensive niening()-(‘ncepbalit is can 
l)e demonstrated. In a })roportion of instances congestion of the 
meninges, effusion of lymph, and inen^ase and turbidity of cerebro- 
spinal fluid, are found. In all cases, as first ]:)ointed out by Mott, 
there is an extensive small-cell infiltration of the perivascular lymphatic 
tissue throughout the brain, cord, and meninges,^ varying in amount 
in different cases and in different anatomical regions (Fig. 16). The 
invading cells are glia cells, lymphocytes, and morular cells (Mott) ; 


^ Known in Germany and on the Continent as “ Diirck’s nodes.’ 
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tlu' lidirr arr Jiyaliiir cells, ciiial(»^n)iis to those foujid in 

{^raiiuloiiiata, and cau lx* demonstnii.ed in secti(jiis of the cortex, 
'rhey aie ])rohahly d(‘geiK*rided ])la.siiiii cidls, as the nucleus stains 
de(‘ply and is oft(ui displact'd. TIk? cytoplasm consists of a number of 
clear spheriiU'S, giving the cell a mulherry appearance ; they corn^spond 
1o tlu' “ KdrncJi.en-Zelleii ’’ of Alzheimer and an' ])ossihly of the saim* 
slructiire as KusselTs bodies. Thus the (‘ssential pathological ieature 
of sl(‘e])ing-sicl\m‘ss recalls the V(‘ry similar condition in general 



I 16 . Section of brain in sleeping-sickness, showiniij round-cell infiltration 
fillin^f perivascular space. [(hitj. ('ns(\ l)r. ,t. ('. Sterr Hsoii , " Truus. Hot/ 
Hor. 'J’rop. Mtd. (utd Ut/<j.") 


paralysis of the* insane, and also m disseiiunated sclerosis. Tla* lumina 
of the vessels an* conlractt d, and th(*ir walls an* thiclu*ned. The cells 
ol the S})inal cord usually show ft*W(‘r chang(*s than those of the medulla 
and th(* c(*r(*l)ral cortex. lTxperinu*ntal work by Yorke, Wolbach and 
St(*v(*nson has shown that the It'sions of the lym])hati(* and nervous 
tissue* art* dm* to actual im asion of the* solid organs by tlu* trypanosomes, 
hjr tlu;y have* b(*e'n seen in the brain tissue, mainly in the frontal lobe, 
})ons, and medulla, w’hi*re th(‘y can he demonstrated in masses or nests 
(big. 17), with no d(*linit(' rt'lation to the blood-yessels. Trypanosomes 
often occur in the cerebro-sj)iiuil fluid, which they enter from the 
rdioroidal })lexus where, as Peruzzi has shown, th(*y occur in masses in 
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active sta^e of division. There is said to an incr(‘ase in tlx* lymphatic* 
tissue of the lymph follicles and TeytT’s patches of the sujall intc'stino. 
The spleen is usually niodcTately enlar^x‘d, and the trypanosomes iiave 
been demonstrated there in the pulp tissue. 

Peruzzi, in his resc^arclies into llu^ palhol()<;y of (‘X})erimental 
trypanosomiasis in monkeys, lias shown that myocarditis of a severe 
degree is frequently present, and that this is due to massed collections 
of trypanosomes in the muscle-cells. 

Symptoms . — The mcuhaiion 'period of the glossina-coinayed discnisc' 
and that resulting from direct artificial inoculation S(‘em to be alxiiit 



Fig. 17. — Photomicrograph of frontal lobe of brain in sleeping-sickness, showing 
trypanosomes in grey matter. {Orig. causc. Dr. Slcvciuson Trans 

Roy. Roc. Trop. Med. aatd Hyg.") 

the same, from two to three weeks, in thc' case of dogs, horses, and 
monkeys. Prom experiences of infected iiurojieans, in whom tlie 
ates can be controlled, it would apjiear to be usually about, fourtecai 
days. The bite of an infected glossina is followed, in a jiroportion 
of cases, by a degree of local irritation of great (‘r or less sev(*rity. This 
has been called the “ trypanosome chancre ” and is dc'seribed as a red 
nodule surrounded by a white waxen zone. It subsides in the course 
of a few days, to be followed, sooner or lat(*r, by fc^vc^r, which may last 
a week or longer, and may be accompanitKl by the apjiearance, in 
Europeans at all events, of a peculiar type of erythema and a certain 
amount of serous intiltration of the connective tissiu; (Plate IX, Pig. 1). 
Apparently, the trypanosomes appear in tlie periplieral blood about 
twenty-one days after the infecting l)ite. A fonn of hypera'stlasia, 
known as “ KerandePs symptom,” is usual, though not invariable, when 



SYMPTOMS 


145 


the patient strikes a limb against any hard object, a degree of discomfort 
amounting to actual })ain is experienced, the semsation being slightly 
delayed. Jn tini(‘ th(‘ fever suhsid(‘s more or less completely, to recur 
at irr(‘gular intervals of days or w(‘eks. Tin? fever is sometimes mild, 
soni(dinn*s s<‘ven‘, and occasionally hyperpyrexial (lOG-G"' F.), the 
evening lemperatun* Ixang always tla^ high(‘St. The? fever may last for 
we(*ks ; th(‘ a])yretic period may he (apially prolonged. On the other 
hand, lh(; fever may be continuous. Irregularity of degret' and duration 
is a feature* of the f(!V(‘r, and also of the other clinical manifestations of 
trypanosomiasis. In time the patients becoim* debilitated, amemic, 
feebk* both intelh'ctually and physically. Severe headache is very (dten 
com})Iaiii(*d of. d’he heart's action is generally raj)id and easily excited, 
and it })as be(‘n pointed out tljat persistent tacliycardia affords an 
(‘xcelleiit index to jxrsisfent inff*ction. The cer\'ica] glands and the 
glands of other parts of the body (‘idarge and may become tender. Jt 
juay la* tiiat only one gland is visibly involved, or there may be a 
recogni/abk* general ])olyadt‘nit is, including tlje abdominal glarjds. The 
imj)licaled glands niay be V(*ry })romin<'nt, or they may not lx* easily 
felt ; th(*y an* usually most (*oiispicuous in tin* posterior triangk* of the 
iK'ck (W’interbot tom’s sign) (Fig. 18). In the (‘arly st ag(.‘ of the infection 
tla*y are soft, later indurat(*d. Sometimes they an* ])ainless. sometimes 
distinctly painful and tender, rarely suppurating. This condition of 
irregular f(*ver, of d(*l)ility, of polyadenitis, of slight aiiamiia, may go 
on for months, or even, in sonu* instances, for years. 

A ])roportion of (*ases may t(*nninate at this stage. (Considering 
that tb(; dist'asc* may present at various stag(‘S periods uf quiescence, 
which in some instanct‘S may be very prolonged, it would be rash to 
say wh(‘ther in any instance of apparent recovery we are dealing with 
a radical (*urt*, or mc'rely with one of these long })(‘riods of latency. 
i)Ut (‘X])erinients and observations b}^ Layeran and others in other 
forms of trypanosome infection, as well as cases of the disease in 
Furo])eans which have come under the Fi<litor's notice, justify the 
belief that occasionally tlu* })arasite does die out spontaneously. 

It would ai)p(‘ar that in a given area and in a givt‘n ])opulation 
there is a tendency for the virulence of the local trypanosome to 
d(.‘creas(‘ with lapst* of time. Thus, the try}>anosome of the (lold 
boast and Southern Nigeria, wlu*re sleeping-sickness ])resumably has 
long been endemic, is k‘ss virulent and much mort* amenable to treat- 
UK'iit than that of Uganda, where it is of recent introduction : indeed 
the Fditor, t()g(‘ther with Cooke and Gregg, has di*scribed a series (jf 
particnlarly mild cast's in Furoja'ans from the Gold Coast in which the 
try])anosome was discovered during tlie course of routine blood 
('xamination, and in wdiich neither glandular enlargement nor spleno- 
megaly could be demonstrated. In one there was a characteristic 
circular (*ryth(*ma on tlie shoulder. Similar instances havt* been 
recordt'd by Land)orn, Howat, Dav}', Sice, Folin and .Mercier. 

K(*markablt' features of human as well as of animal trypanosomiasis 
10 
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are the skin affections and the local oedemas. In many of Ihe lower 
animals affected with their special trypanosomes, in addition fo fever 
and physical lethargy, papular and pustular eruptions are not un- 
common ; and in man, especially in negroes, an exceedi:' 

})a})ular eruption is a common symptom. In the F 





Fig. 18.— Enlargement of cervical lymph-glands in trypanosomiasis 
(Winterbottom’s sign). {Dr. F. K. KUine) 


possibly in tlie iK^gro — jjut in the latter, in consequence of his colour, 
not so evid(‘iit extensive skin areas are affected with a fugitive. 
l)at(;hy, frequently annular erythema (Plate IX), usually most evidfmt 
on the chest and back, hut also very often on the face, legs, and else- 
where. This erythema seems to occur most frequently and most 
distinctly in the earlier stages of the infection. Some of the patches 
may extend to six inches or even a foot in diameter, their margins 
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fading off insensibly into the surrounding normal skin. Sometimes 
it takes the form of large rings, occasionally comphde, more frequently 
interrupted and irregular. Erythema nodosum sometimes occurs also. 
Pressure or any irritation of the skin giv(‘s rise at once to transient 
congestion from vasomotor paralysis of the skin capillaries. This rash 
call he lircuight out by heat, ami esjiecially by immersing the body in 
a liot bath. 

In some of the lower animals a usual feature is aHlema of cijrtain 
}>arts of the body, (^specially the sheath of tlici jieiiis, the under-surfacf‘ 
of the abdomen, and the neck. Similar, though less extensive, oedomas 
occur in man, in whom they are most apparent in the face and about 
the site of the erythema. In many instances tliere is a general fullness 
of the features which, together with concomitant Hushing of the face, 
is a|)t to convey a false impression of sound health. 

Neuralgic jiains, cramps, formication, and parocsthesiie of different 
kinds ar<" not uncommon. In twai of Manson's Eurojiean cases, 
recurring orchitis, accompanied by an increase of parasites in the 
blood, was a feature. Painful local intlammatory sw’ellings, wdiich 
after a time subside without suppuration, have been seen in three 
cases : pi‘riostitis of tibiie once. A toxic irido-cyclitis and choroiditis 
and deep (jedema of the lowx'r eyelid are sometimes met with. The 
eye symptoms are not so evident in man as in the low^er animals, 
keratitis in infected dogs being comparatively fre^juent. 

In most cases th(‘ spleen is enlarg(‘d, s<*metimes enormously so; 
the swelling lluctuating with the fever. The liver also may l)e en- 
larged. As the patients affected with trypanosomiasis are usually 
the subjects of malarial disease, it is not always possible to say whetlu'r 
the splenic enlargement is entirely^ or partly attributable to the 
trypanosome. 

Although, according to Greggio, tryjianosome inf(‘ction is not, 
as a rule, transmit ttnl to the fcetus, the abortion-rate in the infected 
is increased from the normal 7 per cent, in Congo natives to 31 '7 jier 
cent., and the infant mortality-rate from ‘29 piT cent, to 50 per cent. 
Trypanosomiasis in infants is extremely rare, though Kellersberger 
has recorded inh^ction in ont^ three wa‘eks old (sTC p. 140). 

Death from intercurrent disease, or from rapidly developing 
cerebral implication causing convulsions, the status epilepticus, coma, 
etc., may supervene at any stage of trypanosomiasis. Usually the 
case gradually drifts into the stage known as “ sleeping-sickness.” ‘ 

Sleeping-sickness stage. — The terminal stage of trypanosome 
infection sometimes exhibits acute features, sometimes it is ex- 
ceedingly chronic. While in a proportion of instances an interval 
of several years, possibly seven, may t‘lapse from the commencement 
of the infection to the development of this terminal stage, in the 

‘it is customary to sUto that the development of the sleeping-sickness stage in trypana- 
somiaeis concurs with and is dependent on the entrance of the panisite into the cerebro-spinol 
canal. 
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majority of cases the march of events is much more raj)i(I. The 
characteristic terminal symptoms depend on implication of the nervous 
system either by the parasite itself or by its toxins. 

According to Low and Castellani, the average duration of this 
stage of trypanosomiasis in the African is from four to (‘ight months, 
not infn^quently less ; very chronic cases with a course of more than 
a year’s duration are rare. Other observers refer to cases running on 
for three years or even longer, and occasionally i)r('S(uiti!ig temporary 
ameliorations. 

Generally the first indications of the oncoming of sleeping- 
sickness are merely an accentuation of the debility and languor usually 
associated with trypanosome infection. There is a disinclination to 
exertion ; a slow, shuttling gait : a nioros(‘, vacant expression ; a 
relaxation of features ; a hanging of the lower lip ; a. jiulfmess and 
drooping of the eyelids ; a tendency to lapse into sleep or a condition 
simulating sleep, the somnolence during the day-time contrasting 
with restlessness at night ; a slowness in answering (|U(‘stions ; a 
shirking of the day's task. Dull headache is gcaierally pres(‘nt. Ijater 
there may occur fibrillary twitching of nmsch's, especially of the* 
tongue, and tremor of the hands, mon^ rari'ly of tla* legs, indicating a 
definite involvement of the motor centres. l>y this tiiia* tie* patient 
has taken to bed, or he lies about in a corner of Jiis liut, inditfenuit 
to everything going on around him, but still abk* to s])(‘ak and take 
food if brought to him. He iieviT sj)ontaiH'ousl_y ('ngag(‘s in con- 
versation or even asks for food. As toipor d(H‘p(‘ns lu' forgets (‘\(ui 
to chew his food, falling asleep perhaps in tlie act of com eying it to 
his mouth, or with tla* half-masticattal bolus still in his elaa'k. Never- 
theless, such food as la* can lx* got to take is digest(‘d and assimilati'd. 
Consequently, if h(; is jiroperly nursed, at this stage then* may la* 
no g(*neral wasting. As time* g(a‘S on he begins to lose flesh, tr(*n]or 
of hands and tongue becona*s inoiv niark(‘d, and com ulsiv(* or c}ior(*ic 
movements may occur in tla^ limbs or in limit(*d muscular ar(‘as. 
(Fig. 19.) Somc*tinies tla‘S(* convulsions an* follow(*d by local t(*ni- 
porary paralysis. Sona‘tina*s, too, rigidity of tla* cervical muscles 
and retraction of tin* head occur, dda^n* is usually an intok'rablo 
pruritus of the skin as originally observed by ^hinson in the first casf ^ 
of the disease studied in England. Ledsori‘s tend io form ; tla* li[)s 
become swollen, and the saliva dri]>bles from tla^ mouth. Gradually 
the lethargy deepens, the laaly wastes, tla^ bt*dson*s (‘xt(*nd, the 
sphincters relax ; and finally the pat ient dii'S coniatos(‘, or sinks 
from slowly advancing asthenia. J’ossibly he succumbs to con- 
vulsions, hyf)er])yn*xia, pneumonia, dysentery or other inb‘r(*urrent 
condition. 

The manifestations described are suljject to consid(*ral)l(^ varia- 
tions. Thus, mania is not uncommon ; delusions may [iresent 
themselves, or psychical and physical symptoms not. uidike those 
of general paralysis of the insane are developed. In the European, 
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(loath is fr(‘(ju(mlly diu^ to convulsions, |)ro])ably from the presence 
of the trypanos()m(‘S in the brain. Deep liyperfesthesia of the rnusch'S 
is also (jiiite common. The habits are usually bestial. 

During the whole course of the nervMuis sta^e of trypano- 
somiasis the oth(*r symptoms already described as cliaracteristic 
of the inf(‘ction may be in evidtmce. 4’he kne(‘-jerks, thou^di lost 
towards lh(‘ (‘nd, ani a(div(‘ at first ; the fundus oculi is normal ; the 
s])hincters. until towards th(! end. are controlk^d ; the urim? is normal, 
and the bowels, although ‘j^taierally ttaidin*^ to constipation, act with 
nion‘ or less n*^ularity. 

Complications. — In the Central African native the sym])tonis 
of t rv]):ino-;omiasis arc' considerably ai^^ravatiul by, and in many 




Pifs^ .19. Cerebral trypanosomiasis. Appearance of patient in last stages of the 
disease, [l^r. F. K. Kiciitc.) 

casi's niislakcii for, those' of other disease's. The ])atient is invariably 
inf(*ct(‘d with malaria, ancylostomiasis, bilharziasi<. and })ossii)ly 
tilariasis, Ix'sides which much of the emaciation and the specific 
complications se'ptic rhinitis, otitis are due to starvation and sht'cr 
iK'j^k'ct, as the ])atitait, on showing sym])toms of the disease, is usually 
('Xpolk'd from tlu' village' by the inhabitants and left to die in the 
jungle', a terminal pne'umonia or dyseaitery frequently supervening. 

Mortality. -Although spontaiu'ous recovery may take place in 
the early stage's of trypanosomiasis, it is beliewed that when the dise'ase 
has arrive'd at the' stage' of slee'j)ing-sicknoss, death is inevitable. Corre 
has told us flow native village's in Se^iu'gambia have been depopulated. 
What has ')ccurn‘d on the Congo, in Angola, and in I'ganda, bears 
out. tins ('stimate of the gravity of the disease when it appears in 
epidemic form. We know that many islands in the Victoria Nyanza 
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have boon ooinpletely depopulated. The population of tlio iinplii^atod 
districts of Uganda, originally about 300,000, was reduced in six 
years to 100,000 by sleeping-sickness. 

Immunity. — Apparently man is immune to infection with the 
commoner trypanosomes of the big game, T. congoirnse and T. viv<ix, 
and also it is known that certain mammals are immune to try})anosomes 
which are pathogenic to others ; thus T. vivax is pathogenic^ to horses 
and cattle, whilst rabbits, guinea-pigs, and mice are refractory. 
Although there is no direct evidence that man becomes immune after 
exposure to infection, yet there is no doubt tliat when the disease has 
lasted any length of time in a district, as in Southern Nigeria, the 
inhabitants exhibit a degree of resistance not seen in districts recently 
invaded. 

The non-immune European generally suffers from tla^ disease in 
a more acute form than does the Central African native under similar 
conditions. Eiissell and others who hav(‘ studied the plumomena of 
immunity in man believe that the course of an infection with a 
])athogenic trypanosome dc'pends upon Ihe ca})acity of that trypanoscnne 
to vary serologically in the body so often that it defeats the possibK‘ 
variations of the host’s defence. 

Trypanocidal action of human serum on trypanosomes. — Follou iu^r 
the interesting discovery by Laveran, in 1902, that normal human serum 
exerts a marked effect on the course of trypanosome infection in animals, a 
large amount of work has been devoted to tliis subject with the object of 
discovering an effective try})anocidal serum. Yorke, Adams and Murgatroyd 
have shown that normal human serum exerts a pronounced trypanocidal 
action m vitro at 37° C. on a number of strains of pathogenic trypanosonu's, 
even when the serum is diluted 5,()(K)-25,0(K) times ; but in certain pathological 
conditions of the liver this ])ow(‘r is lost entirely ifi vitro. The interesting 
fiict has been observed that in the sera of certain normal sheep and rabbits, 
an active trypanocidal substance exists which, wluui mixed with normal 
human serum, inhibits the trypanocidal action of the latter. A (airious and 
almost inexplicable feature is the fact that T. rhodesirnsey T. equlperdurn and 
7\ co7iyolen,se. are rapidly destroyed in vitro by this method, but T. gaynhuoise 
is apparently unharmed. Possibly in this observation lies the explanation 
of man’s immunity to irdcction with the pathogenic trypanosom(‘s of cattle 
and other sto(‘k. 

Diagnosis. -Chronic irregular fever, more (^H[)ecJally if associatial 
with enlarged c(irvical glands and, in the j^biropean, erythema multi- 
forme in a patient who has resided in tropical Africa at any tinu^ 
during the previous seven years, but mon^ (isp(;cially recently, suggests 
a tentative diagnosis of trypanosomiasis and detailed examinati(jn 
with this possibility in \dew. Diseases with wliich trypanosomiasis 
might be confounded are malaria, kala-azar, pellagra, syphilis, leprosy, 
lymphadenoma (Pel-Ebstein disease), and, in its later stages, b(‘riberi- 

The diagnosis of trypanosomiasis is made absolute by blood examination, 
but the serum-formalin reac tion (.see p. 191) is usually positive in well-estab. 
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lished ca808 of irypaMo 8 oinia 8 i 8 and therefore may serve as a rough guide for 
differentiation from other African fevers on a large scale (Hope-Gill, Morrison 
and Dye). Sice and his collaborators have shown that there is a considerable 
diminution in the total serum proteins and the loss is mainly due to a decrease 
in sc'ruru albumin. The ratio of serum albumin to globuhn is always less 
than it is in normal {Kjrsons. Davis and Brown have recently worked out a 
specific immunity reaction in trypanosomiasis known as the “ adhesion 
})henoTnenon.” The reaction is c^haracUirized by the adhesion to the parasite, 
when acted on by the immina^ plasma in vitro^ of blood -platelets and other 
bodies. The reaction is 8 |K‘cific for different s])ecies of trypanosomes and 
the immune body shows a high degree of thermo-stability, and further research 
has shown that this test may be ernplo^^ed in recognizing species of wild 
game which act as reservoirs of T. (jamhie'tise infection. 

Malaria, sy})hilis. and leprosy are easily (‘xcluded. As regards 
heriheri, tb(‘n‘ sliould ])e no difficulty if it bo borne in mind that it is 
a disease of the periplieral, wliile trypanosomiasis is a disease of tin; 
c(*ntral nervous system ; that beriberi is non-febrile and trypano- 
somiasis fei)rile. KaUi-arjir and trypanosomiasis, especially in their 
(‘arlicT stages, may he more difficult to differentiate, l)ut the presema; 
of (‘iilarged glands, local cedcuna, and erythema multiforme in trypano- 
somiasis, and tlieir al)S(‘nct‘ in kala-azar, suffice for distinction. Blood 
or gland-lymph (*xamination, or. if this lx* negative, hepatic or s})lenic 
puncture, should establish the diagnosis. 

(ieneral ])araly^is of the insane, cerebral tumour, forms of 
meningitis, t'sp(‘cially ema'phalitis lethargic^ (often inaptly ternHol 
“ sl(H‘py sickness ”), have features in common witli trypanosomiasis 
and must lx* consid(*r(*d in diagnosis. The serum of some cases of 
trypanosomiasis has be(*n said to give a positive Wassermaim reaction ; 
but later research has shown this to be due to a coexisting syphilitic 
infection. 

The jfiicroscopicaJ diagnosis of trypanosomiasis is sometimes difficult 
Amemia, as wt^ll as a large mononuclear l(*ucocytosis, usually occurs. 
A well-stained blood ])reparation exhibits, even to the naked eye, a 
remarkable clumping of the red corpuscles. Held up to the light, such 
a. preparation has a j)(*culiar granular appearance, produced, as can be 
seen on microsco])ical (‘xamination, by agglomeration of the corpuscles 
into heaps and clust(*rs, the usual rouleaux arrangement being absent. 
Tiiis is known as auto-agglutination and is significant of, though not 
p(‘culiar to, trypanosome infection. As a rule, the parasites in the 
peri})h(*ral circulation are few in number, many fields having to la* 
hunted before a singlt* (*xample is discovered. Sometimes none can be 
fomal ; rarely aiv* they abundant. In the same case they are soinetijnes 
present, sometimes absent. Centrifuging citrated blood may prove of 
considerable assistance. Brodon used 9 c.c. of blood to 1 c.c. of 6-per 
ctait. citrate solution, centrifuged at first at 1,000 and subsequently at 
1,500 revolutions for 10 minutes. The supernatant fluid of the latter 
is again centrifuged at 2,000 revolutions for 20 minutes, when the 
trypanosomes will be found in the precipitate. Letonturier, Tanon 
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and Jamot consider that this triple centrifugation method gives 92 per 
cent, of positive results. 

Dutton and Todd emphasized the value of h/Diph-gland puncture 
and examination of the aspiratcnl lymph as the most certain nudliod, 
particularly in the earlier stages of the disease, \vhen the glands are 
soft and the trypanosomes abound in the lymph, before they have 
become sclerosed. This method is said to succeed in 87-7 per cent, 
of cases. An ordinary hypodermic syringe suffices to asi)irate a 
sufficiency of lymph, of which films are prepared and stained in the 
ordinary way. According to Kleine's statistics, out of B2 patients 
24 had trypanosomes in their glands and blood, 4 had them in the 
glands but not in the blood, and 4 had them in the blood only. Oji 
the other hand, it must be emphasized that gland-puncture is not 
infaliibl(‘, as a percentage of those infected fail to develop lym])ba.tic 
reaction. ( ibmd-])uncture as a means of diagnosis should always 
be reinforced by the examination of thick blood-films; I’ratti buds 
that palpation and puncture an^ of great value in itinerant practice. 
The enlarged glands may be unilateral or bilateral ; or may be isolated 
and enlarged : sometimes they reach tin* size of a ])igeon’s (gg and 
many gradations may be shown. Although the superficial glands may 
be easy to palpate, tli(‘ deep ones may b(‘ more difficult. BliriK; ])ro- 
cedures for ])al})ation are necessary : deep palpation, superficial palpa- 
tion, and ])al})ation by passing tin* palmar surface of the baud ov(t Hkj 
necl\. tadarged glands which may otherwise es(*a])(‘ not ict' are detected 
by the radial sid(‘ of tlu' index-hnger. Ty])ical oiU'S an^ (b‘scril)(‘d as 
being of the consistency of a ripe j)luni. 

Cerehro-s])in(il fluid, o])tained by lumbar j)uncture and camtrifuged, 
affords another though not always a practicable means of linding 
the parasite ; according t.o Droden, parasites may be demonstratt'd 
in this manner in 4-»5 ])er ctaif. of cases, but if th(‘ trypanosonu* is 
not found, suggestive information may be obtained from a lymjdiocyte- 
cell count of the fluid, as this may be increased to over 1,000 per c.nim. 
The globulin content of the fluid is also increased. 

Tlie importance of puncture of the cerebtilo-mc'diillary s])ac(' in 
fb(‘ diagnosis of trypanosomiasis has recently bec'U ('mj)basiz(‘d i)y 
Tajera. Suboccipital punctun^ through tla; occipito-at lantoid ligani(*nt 
into the cisicrna c(rcbc]lo-7ucdu Haris is a siniph^ ju'ocedure and iS 
practically devoid of all risk. 

Lc lk)rt states that tlie early ehanges in the choroidal ]»lexns in trypano- 
somiasis are confined to the fourth ventrieie, so that the immediate con- 
sequence is an interruption of the connections b(‘tween t he vamtricles and the 
subarachnoid s})ace. The only real orifices by whi(th these two centres 
intcrcomTnunieaffi are by the foramina of Lusehka, which lie betwiaai the 
cerebellar peduncles in the lateral angles of the fourth ventricle. These 
orifices are covered by the lateral choroidal plexuses of the ventricle. Ob- 
struction of the foramina of Lusehka results in separation of the subarachnoid 
space from the ventricles where the cerebro-spinal fluid is produced, and this 
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causes autoniatically a state of disequilibrium of the tension of the fluid 
between the two cavities. The intraventricular temsion produced by the 
retention of tlu^ fluid in the ventricles may give rise to a syndrome which is 
responsible for th(‘ signs of th(^ first stage of sleeping-siekness. Intraventricular 
hypertension manifests itself by headache, nausea and a degree of somnolence. 

Sico has pro\’(‘d that tlio earliest reaction resulting from meningeal 
lesions is cellular ; at first it is slight and unaccompanied by clinical 
signs ; usually it progr(‘SS(‘S slowly and the intensity of the meningeal 
lesions is shown by the number and character of the cells. The ])resence 
of l(‘Ucocytes indicates that the lesions are active and, probably, 
HM'ent. riasma cells, dead c(dls and rnorular c(dls (Mott) indicate 
old(‘r and more chronic- lesions. As the cellular reaction develops, 
so the albumin content gradually increases. Prognosis can be 
l)ased upon the amount of albumin in the spinal fluid. This can 
l)e estimat(*d ])y a numln'r of different techniejues, and the proportion 
of tlu' al))umin and the globulin in th(‘ cen*bro-s))inal fluid is considered 
by most authoritii'S to run ])arallel to the number of cells ])resent. 

J'ailing discovery of the ])arasit(‘ by blood or lym])h examination, 
recourse^ must l)e had to aniuial inoridation, ‘2-10 c.c. of the blood 
being drawn from a vein and injiM-tt'd. Of the ordinary laboratory 
animals, tin* most susc('j»t ibh*. and thend'ori' most ndiable, are the 
guin(‘a-])ig, the rat, th(‘ dog, and certain monkeys, Mdcaca and 
( '(‘n-djiilficrus. SiK'h inoculations an* of vahu* as a test of recovery, 
as well as for diagnosis. 

Tile intra})(*riton(*al injection of oli\c oil in e\})erimental animals 
aids in establishing the inh*ction in cast's where the ])arasites are 
scanty and ('onsi‘([uentIy diflicult to t‘stablish (Saunders). 

The t rvjuinosomt* is easily stained Ity most dyes, those in use for 
malaria work gi\ ing tlie l)t‘st results. A J-in. obji'ctive sutlices to 
find tla; jtarasite. 

Tkeatmi^nt 

kispt'cially in the case of natives, preliminary treatment directed 
towards tie* eliminating of suj)erimpost*d infections with ancylostomes 
or bilbarzia is always advisable, especially on account of damage to the 
liv(‘r-c(‘lls whicli n'liders toleration of arsenical drugs diflicult. 

1. Treatment with “ Bayer 205.” “ Ikiyt'r 205 *’ (urea of acid 

dinu'ta-aminobenzoyl-m(‘ta-aniin()paramethylbt‘nzoyl-l-naphthylamino- 
4-0-8 tTisul[)honate of soda) {(krniauin, Antrifpol^) was originally 
introduced in 1320, and this drug has been of great value in eradicating 
iid'ection, (‘sjx'cially during tla^ earlitT stages of invasion. Its thera- 
peutic effects in man were fon^shadowed by its reinarkabU* try[)anocidal 
action in artificially-inh*cted laboratory animals. Bayer 205 is a white 
powd(‘r, easily soluhle in water. The French e(jui valent is known as 
“ Fourneau 809 ” (or Moranyl), the English as Antrvpol, and tlieir 
therapeutic action appears to be idtuitical with that of Ikiyer 205. 

^ The preparation used in veterinary practice is known as “ Naganol.” 
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111 aiiiiiials infected with trypaiiosoinos, Bayer 205 has l) 0 cn found 
to be remarkably atoxic, and the dosis iolerata has been estimated 
to be 160 times that of tlio dosis therapeutim, and when injected intra- 
muscularly, or intravenously, it is lethal to Trifpanosoma hrncei, 
T. (jainhievse and T. rhodesiense ; moreover, it has been found to 
exert a definite prophylactic action against tliese trypanosona'S. 
In man, radical cures with this drug were originally reported by 
]\ruhlens, Menk, Kleine, Fischer, Low and the Editor. The average 
dose for man is 1 grm. dissolved in 10 c.c. of distilled water (or a 
10-per-cent, solution), and it is injected intravenously. TLe total 
amount to effect a cure is about 10 grin., though the trypanosomes 
usually disappear and are not observed again aft(‘r 5 grm. : sonudinu^s, 
however, they do reappear in the peripheral blood. Usually tint 
trypanosomes are no longer visible in the blood-stream some twfdvr 
hours after the injection, and it is necessary that this should be rep(‘at(‘d 
at weekly intervals. 

It is thought that the action of Bayer 205 lies in its power of naidering 
the trypanosomes fit for phagocytosis by the reticulo endothelial cells, a 
kind of opsonizing effect. This opsonic action greatly enhances the eflfect of 
the drug in the living animal and thus explains its more efficient action 
in vivo than in vitro. 

In an initial infection, directly the disease has been diagnosefl, tin* 
la*st and most lasting results are obtained by giving l)igger initial 
doses, such as 1 grin, on the first, third, tenth, and thirteenth days. 
Bayer 205 is retained in the tissues for a considerable period, so that 
the blood-serum, cerebro-spinal fluid and uriin* of the })atient ('ontiniu* 
to exhibit trypanocidal powers wdieii re-injected into try})anosome- 
infected mice. In exceptional circumstances individual dos(‘S of 
1*5- 2 grm. (*an be given to wi*ll-grown men. 

Immediately after the injection of the drug, both the ])hysicai 
condition and mental outlook of the patient are n‘marka))ly improved. 
The drug is non-toxic to man, except that it has a cumulative action 
and is a kidney irritant, so that, after three or four injections, the 
urine contains albumin with the presence of small yellow, granular 
casts. This is the result of excretion of the drug via the* urimoy 
tubules, and this damage to the kidm^ys is not pernian(*nt, but lasts 
about six weeks. In some susceptible patients a toxic dermatitis — a 
red, itching and papular rash — develops usually aftcT the third injection. 

The intrathecal injection of Bayer 205 cannot be recommended, 
as pain, vomiting, headache, convulsions and twiichings may ensue 
after small doses, and advanced cases derive no lienefit from this 
method. Although it is now recognized, almost universally, that 
“ 205 ” is the most active substance yet employed in the treatment 
of sleeping-sickness, as it has been shown to cure castjs where all other 
known forms of treatment have failed, yet it appears to be incapable 
of destroying the trypanosomes when once they have entered the 
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groy mat tor i)i the ])rairi. Kloino and Fischer originally rc'ported 
on the treatmoni/ of 1B5 cas(\s of T. gamhiensc infection in Africa, of 
which 80 per cent, showed a marked clinical improvement and were 
considered to be cunnl, and during the last year many series of cases 
liave b(M‘n published which })f^ar out the ori^ii^iMal claims. Dye, in 
N^yasaland, reports favourably upon this dru^ in the doses advocated 
al)ov(s while Mayer (1928) published a critical review of the whole 
])roblem. The ]^klitor has investigated three cases in Europeans i]i 
whom a permanent cur(^ was effected aftiT a total of 3-5 grm. of 
Ihiyer 205. 

2. Treatment with tryparsamide. — I'ryparsamidc, the sodium 
salt of X-phenylglycineainide-7)-arsonate, was introduced for tht‘ 
treatnaait of trypanosomiasis by Drs. W. H. Brown and Louise Pearce, 
of tlie Kockefeller Institutes (The French equivalent, “ Fourneau 270 ” 
(()rsanin(‘) is acidyl-p-amino-o-oxyphenyl arsenic acid, and has been 
used extensively in French Equatorial Africa.) Tryparsamide should 
contain not less than 25-1 j)er cent, of arsenic in organic preparation. 

When inj(,‘ct(‘d into the tissues it is quickly absorbed ; it may be given 
by either the intramuscular or the intravenous route. The chemotherapeutic 
index of tryparsamide, i.e., the ratio between the curative dose and the 
maximum tolerated dose, is 1 : 2. In the case of atoxyl, on the other hand, it 
is 1:1. The individual doses are large, var\M'ng from 1 to 4 grm. ; the 
optimum dosage is about 83 mg. ])er kilogram of body- weight. The drug 
has a marlv(‘d effect upon the symptoms of the disease, especially when the 
nerv^ous sysUun is involved, and its chief value is the ease with which it 
penetrates into the cerebro-sj)inal fluid ; the trypanosomes, when present, 
disa[)pear : and furthermore, there is a great reduction in the round cells or 
lympliocytes in this fluid in cerebral trypanosomiasis, which is attributed to 
the high degre(‘ of penetrability of the drug. It is apparently capable of‘ 
cnt(‘ring the brain substance, and of finding its way into the cerebro-spinal 
fluid. Tn an average case the initial dose should be 1 grm. in 10 c.c. of distilled 
water : subsequ(‘ntly it ma}^ be given in 2-grm. doses, three times weekly, 
total dosage of 24 grm. is, as a rule, necessary. 

\ an den Branden has reported that 70-80 grm. are necessary to 
obtain permanent benefit in chronic cases. In the mildest cases he 
was able to obtain 57 per cent, apparent cures with a total of between 
20 -00 grm., but with 17*6 per cent, only in patients with trypanosomes 
in the cerebro-spinal tliiid. 

Tartar emetic injections, which are curative in some forms of cattle 
tTypanosomiasis, are now mostly used to reinforce tryparsamide treat- 
ment in cases complicated by bilharziasis. 

According to Chestcvman, who has had a large experience of tryparsamide, 
the intravenous routt; is the most effective : the solution should not exceed 
40 per cent., which is about the saturation point. Care should be taken to 
see that the water is not alkaline in reaction, as this produces precipitation. 
Intramuscular injection is also efficacious, but the solution should not exceed 
20 per cent. Experience has proved that it is not wise to attempt “ therapia 
sterilisans magnaj'* as prolonged administration of the maximum tolerated 
dose gives the best results. 
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In early cases in adults a start should be made with 0 04 grm. per Kg. 
of body-weight and continued for a total of twelve weekly injections. Children 
up to twelve years of age, on the other hand, tolerate the drug well and 
should be given double this dose up to 0-08 grm. per Kg. of body- weight for 
twelve injections. A second course should bo given as for adults. 

of Ire/itnwnt with tryparsaniidc. — In early cases an apparent cure 
is almost invariable, but tryparsamide acts less certainly after prior adminis- 
tration of atoxyl or other arsenicals. In later cases figures vary, but, givim 
good conditions in the absence of other debilitating diseases, in cases in whi(‘h 
the degeneration of the central nervous system has not jirogressed too far 
and when the cerebro-spinal fluid does not contain too many cells, the drug 
gives gratifying results. 

In mon? adcanevd cases in adults smaller dosins up to () ()2 grm. [»er Kg. 
of body- weight should be given, on the fourth day 0 03 grm. per Kg., and on 
the eighth a cour.si' of 20 injections of 0-04 grm. per Kg. should be comiiKmced. 
The course of ten injections should be repeated thrc'c months after th(^ first. 
Kor childnm one should use doses of 0 ()() grm. ]K‘r Kg. If the drug is usial 
in strengths of more than 20 ])er cent, by tlu‘ intramuscular route, indunition 
or abscesses result. In later cases a Herxlieiiner reaction with acaite mania 
may ensue, sIkuiIcI the initial do.se be too large. 

Optic neuritis . — vSouie patients are very sensitive to tryparsamide, and 
the Editor has found that it is especially those cases which have been 
previously treated with small quantities which are singularly apt to devidop 
optic neuritis during a s(‘cond course of administration of th(‘ .same drug. 
There appears to be no agreement as to tlie amount of tryparsamide which 
provokes optic neuritis. The Edit-or has seen two (uises where blindness 
ensued after 13 grm. had been injected. Eauterburg has reyioited a scries 
of ca.ses amongst which blindne.ss oianirred in 7-4 yier cent. All the patients 
had received wei'kly doses of 2 to 3 grm. Advanc'd cases of tin' disease an' 
much mon' yirone to dt'velop visual troubk'S than (‘arly cases aiid must be 
treat(‘d with caution. Objective signs of eye damagi' are not manifest early 
enough to (‘liable one to prevent complete blindne.ss from developing. The 
fundus remains normal for a long time and the pallor of the disc* sets in ({uite 
late. The single dangerous sign is narrowing of the fields of vision and even 
this may be too lat(‘. Jainot reyiorts that out of 25,038 patients treaU'd with 
trypansamide, 233 dev(‘loped oiadar trouble ; in 30 there was amblyopia and 
in 17 amaurosis. (>rst('n, in his studies of treatment of cerebral syphilis with 
tryi)arsamid(', has not experienced the same di'gree of visual troubk^ in this 
di.s('as('. H(‘ classifies th(‘ ocular symptoms into (a) .subjea-ti ve, with blurring 

of vision, and (6) objective, with (jcular damage. The first state comes on 
15 to 30 hours after administration and lasts from one to three W(‘eks ; ii 
always clears uj) on sto})ping treatment. The second becomes yiermanent, 
with diminution of the visual fields, and may lead to optic atroyihy. 

Premonitory symptoms may be photophobia, lachrymation, pain in the 
eyes and dimru'ss of vision. It should bo made the rule to U'st the vision 
of each patient before injection by detection of some small object. In any 
suspicious case the administration of arseniimls should be suspendtid and 
replaced by tartar emetic for one month, but the total (bourse of tryparsamidf^ 
should be completed if po.ssible. Injections of ametox (May & Paker) or 
calcium thiosulphate may be given, though they do not ayiparently hasten 
recuperation. It must be remembered that the action of arsenic is often a 
delayed one and the symptoms of optic neuritis may progress even after 
cessation of arsenic treatment. Van den Branden and Appelmans find it 
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advantageous to associate sodium hyposulphite with trypanarsyl, and it is 
believed that the measure lessens the risk of visual disturbances. The same 
workcTs also state that in poisoning by inorganic arsenicals visual troubles 
are rare and late, whilst the symptoms and evolution are quite different from 
those observed in the course of treatment with atoxjd' and try[)ar8amide. 

As a criforion of cure in addition to the physical iinprovonient in 
the patient and in his mental capacities, a normal cell-count and 
albumin content of the cerebro-S})inal fluid should he maintained for 
twelve months after tn^atrnent and should he Regarded as sufh(m*nt 
ev id(‘nc(; of cun* after the cessation of treatment ; an excess of all)umin, 
as well as of ceils, may lx* n(d(‘d for a sliort time, hut disappear later. 

Other arsenical compounds. — Van den Brandon has reported on a 
trial of ethxirsarwl (monosodium salt of 2-p-arsono-arsilino-(‘thanot) and pro- 
parmnol (monosodiurn salt of 3-;>-arsono-anilino-j)roj)onol), each of which 
contains 20 ])cr cent, of arsenic. 'J’hese drugs were injected in doses of 2 
grm. and their action was found to be comparable to that of tryparsamide, 
but both appear to produce o])tical disturbaiK^es more readily than the latk*r. 

^"orke, Murgatroyd, ( dyn-IIugh(‘s and Boss have; tried out sodium 
succinanilometh\iamid(‘- 7 >'arsonate {neorryl) and find that it conqmrcs 
favourably vith tryj)arsamide in being somewhat less toxic and possessing 
a somewhat greater tryj)anocidal activity. The doses aie similar to those of 
tryparsamide'. This j)roehict has been testenl out by Murgatroyel em the 
(iambia with satisfactory re'siilts. 

X -])h(in ylyl ycittea ni i(l('-]}-ar,sf)nic aci(h e)f which tryj)arsamide is the soelium 
salt, may be^ given b\' the mouth, which, in de*aliiig with large numbers of 
native's, is a simpler metluKl. In contrast to trv])arsamide it is well toleratexl 
by this route anel cause's disappearance of trypanose)nies from the' bloe)ei anei 
ee'?'e‘bro-s])in;iJ fluid, though in a slowe'r anei less dramatic manner. The 
table'! s (suj)pli»'el by Ah'ssrs. May & Baker) are crushed in water anei 
swallow e'el. The* eleisage' is twice that of tryparsamide by the parenti'ral route 
anei has the' advantage' of be'ing k'ss liable te) pre)due'e optic neuritis, any 
e'xe'e'ss manife'sting itself in gastrei-intestinal irritation and elimination of the 
arsenie' through diarrheea. 

(iruhzit, Lindsay, Hendrie'ks and Dodd find Map)}mrsen satisfactory. 
This is meta-aniino-])arahyelre)xyphenyl-araine oxide and is believeal to be 
the'- e'e)mpe)und elaborate'el in the boely after injection of arsphenainine. The 
initial dose is 40 mg. per kilogram body-weight for a woman, and 60 mg. for 
a man. 

3. Combined treatment with Bayer 205 and tryparsamide. 

- In the' c()ni])aratit ely fenv Eur<)})e*aii cast's whicli n^ach England at 
tbc present time, the Editor has recorded some striking recoveries 
by the employment of a combination e)f Haver 205 and tryparsamide 
tlu'rapy. Tlu're is no doubt, from the clinical as})eet, of the reality 
of the expt'riinental work of Yorke that tlu' ])ath()genic trypanosomes 
readily become drug-fast, and that this resistance (xcc p. 160) is 
developed towards Bayer 205 (but more slowly) as it is to the arsenical 
drugs. The Editor has reported upon the histories of 11 Europeans in 

' On account of its liability to pnxluoo optic neuritis the routine use oi at ox yl, which was 
f ormerly extensivc'ly employed, has bct'ii abandoned. 
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which succesB was obtained by Bayer 205 therapy in cases \vlii(di 
had resisted tryparsamido and vice versa. Ttie conclusion which 
can be legitimately drawn from clinical experience is that, when once 
a clinical and parasitological relapse has taken place after an initial 
course of treatment with one trypanocidal drug, it is little use p(u- 
sisting with even larger doses of the same, but that an immediat(‘ 
change should be made and a substance of entirely difYerent chemical 
constitution substituted. hi the Editor’s opinion, ])reliminary 
Bayer 205 treatment in maximum tolerated doses should bt^ followed 
by tryparsamide injections in moderate doses — 2>grm. dos(‘s twic(! 
weekly (or 4 grm. per week). Chesterman, in his latest communication, 
advocates two or three large doses of l^ayer 205 (8 d()S(‘s of 1*5 grm. 
for an adult at three- or four-day intervals) followed by G-H weekly 
injections of medium doses of tryparsamide, i.e. 0*07 grm. })er kilogram 
of body-weight for children ; 0-055 grm. per kilogram for young 
adolescents : and 0*045 grm. per kilogram for adults. 

Between these two courses a rest of ten to fourteen days should 
be allowed until the urine becomes fre(‘ from albumin before adminis- 
tering tryparsamide. Alternating injections of tryparsamide and 
Ihiyer 205, with intervals of tliree days, havi^ also been given with 
good effect. This method has been adopted by Maclean in Tanganyika, 
Duke in Uganda, and Dye in Nyasaland, and their n^sults have been 
encouraging. 

Other preparations undergoing trial. — Lourie and Yorlo 
and Browning announce that syuthalin, a guanidiru; compound, (‘xerts 
a trypaiiocidal action by an entirely new princi})l(\ It is known that 
trypanosomes require for their iiK'tabolism a large ({iiantity of sugar. 
Synthalin produces bypoglycapinia and in this manner causes destructi«>n 
of these organisms. 

On the same lines they find undecam, diamidine effective ; this, also 
a guanidine, of an entirely different constitution from all other known 
trypanocidal substances, is of ccmsiderable academic interest. 

General considerations. — Tla^ exact maniuT in which the* 
trypanocidal drugs act provides a probkun which has not he(‘n 
satisfactorily settled. One aspect of tla^ question is tlu^ matt(‘r of 
drug-resistance {see p. IGO). Van Hoof, Henrard and Peed tind natural 
drug-resistance in the case of T. gamhiense to tryparsamide much 
commoner than is g(‘nerally believed. It app(‘ars that a tryj^anosona^ 
can suddenly acquire a certain d(5gree of ars(‘nic-n‘sistance by passage 
through unaccustomed hosts. Murgatroyd, Buss(dl and Yorke consider 
that trivalent arsenical cojiipounds ow(^ their thera[)('utic activity 
(‘iitirely to the fact that their highly try^panocidal substances circulati' 
unchanged in the blood-stream and that tryparsamido owes its activity 
to the fact that it is gradually reduced in tin? blood, and possibly also 
in the tissues, into its corresponding trivalent compound. The trivalen t 
compounds also escape from the blood with remarkable speed, ami 
consequently it can bfi explained that the trypanocidal titro following 
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ail injection of tryparsaniide never rises beyond modest limits on the 
ground that, as fast as the tryparsaniide is reduced to its trivalent 
form, it is eliminated from the hlood-stream 

Prophylaxis.— The indications for prophylaxis are based 
princijially on the habits of Glossina palpaiis, and the existing con- 
ditions as regards the presence of the infection in a locality. 

In endemic regions the fly areas should he located and avoided. 
If such regions have to he traversed, the journey should he made 
during dark nights, when tsetse flies do not feed, or with such pre- 
cautions as are used by the natives for the protection of their cattle 
in nagana-infected spots. Those who are compelled to live in tsetse 
regions should have their houses and persons carefully guarded against 
the fly. ^fanifestly, it is desirable — whether it is feasible is another 
(juestion - to avoid localities in which the natives are afft^ted, and 
to pr(‘vent infection of the local tsetse flies by people who hav(' trypano- 
somes in their blood, by means of mosquito-netting, or by othei 
ni(*asures, such as removing them from the usually very limited 
fly area to souk' neighbouring fly-free spot. Movement of infected 
individuals to hitherto uninfected countries must necessarily b(‘ 
attended with great risk of the introduction of the disease. Whether 
such movement can be prevented in savage lands depends greatly on 
local circumstances. Wherever possible it should be prevented, 
Dutton and Todd suggested that an easily ascertained condition, 
more or less general in trypanosomiasis — namely, enlargement of 
(he c(‘rvical glands— should be employed in eliminating dangerous 
individuals. Many years ago slave-dealers adopted such a method 
to shield themselves from loss. As a rough test it has some valut‘. 
Hut in some cases of trypanosomiasis the glands are not appreciably 
enlarged at all times. Moreover, as they are often enlarged in othtr 
conditions, injustice might be done in enforcing such a measure. 

Hodges in Uganda found that the fly ground proper is always 
n very narrow strip, not more than ten to fifteen yards wide, and 
always along the water’s edge, and that the insects very rarely extend 
(heir feeding beat sixty yards beyond this, whether on the land side 
or on the waiter side. It is true they may follow with great persistency 
a man who has just passed through this narrow' belt, for several hundred 
yards, rar(*ly for half a mile ; but it is obvious that if the ten or fifteen 
yards at the water’s edge be made unsuitable for the fly, as can be 
done by (*l(‘aring it of jungle, there wall soon be no flies to follow’ human 
beings, and the place wall become safe. Therefore, wdiere feasible, 
(ly spots, where there are landing-places, ferries, w’ells, or roads, should 
' ither be avoided altogether or be cleared of jungle for some yards- 
to ]»o safe, thirty — from the water’s edge. This is a })racticable measun^ 
of proved valu(‘ in Uganda. 

Van Hoof r(‘ports that by systematic injection of infected natives 
w ith tryparsaniide a progressive lowering of the index of new infections 
is taking place in the Belgian Congo ; but that a constant watch is 
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necessary to maintain this position. If vigilance is relax(Ml, the disease 
may flare up again vith tlie intensity of an e])ideniie. 

Chemoprophylaxis. — AVith the advent of Jhiyer 205 it was lioped 
that an efficient j)r()p]iylactic under natural conditions Iiad l)een j)ro- 
cured. So far this method has not given very encouraging r(‘sults ; 
although a prophylactic injection with Bayer 205 does not ])r(nent 
actual infection, it does, according to KK^ine, definitely mitigate the 
pathogenicity of the infecting trypanosome and, similarly, pro})hyIac- 
tically-inoculated animals remain in good health and general condition 
when subsequently infected with T. hrmri. Fourche, on the Congo, 
considered that the injection of 1 grin, in the case of adults, and O'd to 
0'75 grin, in the case of childnai and adoh'sccaits, by the intravenous 
route, had a definite prophylactic value, which was observed ov(t a 
period of seven months. Van den Branden inoculated all the inhabi- 
tants of a village in the Ihdgian Congo with the following dos(‘S : adults 
1 grm. ; adolescents 0-5 grin. ; children 0-25 grin. ; and infants 
0*18 grm. — eacli receiving two injections. At a subsequent \isit to 
this area six months or nuire afterwards only one case* of trypanosomiasis 
was found to have d('vnlo])(‘d in this village. J)uk(*’s statisti(‘s on tin' 
chenio])ro])hy lactic treatment of biurojx'ans and nativ(‘s of Cganda 
with injections of Jfayer 205 st‘(*m to indicate tliat the projihylactic 
action may last for at k^ast three montiis, jiossibly longuT. Olovitch 
(1987) reports very favourably on the mass injection, or “ moranyl- 
ization,” of the native population on the la^lgian Congo. Schilling, 
Shreck, Neumann and Kunert have endeavoured to product' immunity 
to ndnft'ction with patliogenic try])anosomes by ])rimary inoculatit)n 
with fet'bly ])athogi'nic strains of tlu' liomologous organisms. This 
work has been conlirmed by van Sacegheni, who lias ])roduced a stall' 
of pronunitioii to cattle trypanosomes in these' animals, but it is doubt- 
ful whf4hcr these methods an* ajqihcahle to man. 

Drug -resistance and its transmission through the tsetse. 
— An important bearing on tbe question of propliylaxis of Irypam)- 
somiasis has been opened up by the work of Yorke and liis collaborators 
on drug-resistance, showing that try})anosomes readily becomi' drug- 
fast, especially to the arsenic conqxainds, such as atoxyl, arsacetin 
and iryparsamidi*, but less easily to antimony, and that thi' ri'action 
develops very quickly, within a ])eriod of 4-8 wi'cks. They haae 
proved an eviai more important and far-reaching fact- that strains 
of trypanosomes possessing a liigh d(*gr(*e of ri^sist.ance to tin* aromatic 
arsenicals are transmissible* by glossina {Irans mission of an acquired 
characler) and, moreover, that this acijuired charact(*r of drug-ii'sist- 
ance remains unimpaired after two successive passages tlirough thi' 
tsetse. 

Other prophylactic measures. — Brilliant results have attended 
the efforts of the Portuguese to combat sleeping-sickni'ss in ihe island 
of Principe, where the annual mortality from the disi'ase amounted 
to 83 per thousand of the population, and the local industry (cocoa) was 
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1, Paf'asites (‘tulostMl in eiulothclial cells in tilni from spleen 
puncture, stained with Leishtnan. 2, Frc^e forms from spleen. 

Hl(>od-|>latelets in same film for com|)aris(Mi. l, Parasite's 
enclosed within splenic pulp cells, as seen in section, stained 
with hiematoxylin. fS. Parasites in plasma and endoilu lial cells 
in intestinal mucosa, h, I)iaj» ram of I .eishman- Uonox ,m h<»d \ , 
highly magnified. 
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threatened with extinction. Besides jungle-clearing, drainage, blood 
examinations, segn^gation of the infected, and destruction of possible 
animal res(TVoirs of the trypanosome, coolies, dressc^d in white and 
carrying on tlitar backs a dark cloth smeared with birdlime, were sent in- 
to the jungle, and (‘very night the flies caught were removed and counted. 
In thr(3e years 470, (KK) glossina* were caught. As a consequemce of 
(his combination of sanitary measures the (ly and the sleeping-sickness 
\v(‘re (‘xl<Tmina(e(J. Of course, it was only the complete isolation and 
(lie limited size of the island that made such a result possible. 

A complete scieiililic ])rophylaxis can be indicated with certainty 
only when we liave full knowl(‘dge (1) of the habits of the tsetse flies 
and of the reasons for their n*stric(ion to very limited and apparently 
caj)riciously dis(rihut(»d areas ; (*2) of what vcTtehrates under natural 
conditions are normally hosts of T. f/anibieiise. 

Attempts recently made by J^amhorn to introduce a predatory 
ins(‘ct whicli would destroy the pupa? of glossina have so far been 
att(‘nd(‘d with hut a moderate d(‘gn*e of succ(‘ss. In 1914 Austen 
suggested th(? introduction of the chulcidud—Spalangia — into tracts 
where (t. morsitans is a p(‘st. (\»nse(ju(‘ntly oiu? sj)eci(‘S of chalcidiid 
{Siffit()fn()sj)hyrur!i (ilossiti(v) lias be(*n bred in large numbers in the 
laboratory and distributed over an ar(‘a of Lakt* Xyasa of about 
42 square* miles. In the course of three months it was found that 
tS*7 ])(*r cent, of glossina ])upie were parasitized by Sijfitutnosphyrujti. 
Uoubaud and Treillard havi* be(‘n carrying out soiia* encouraging 
(*\])eriments l)y infecting (Uassina pulpalis with a cocco bacillus which 
is pathogenic for muscida*. 

In I ganda and elsewhere, principally in order to jireserve the 
hitluTto uninftvted from trypanosome infection, the (iovernmeiit 
removed the (*ntire population of the Sesse Islands and neighbouring 
shore of \'ictoria Nyanza to tly-free areas in the interior. It was 
hoped that, the human source of trypanosome supply being thus 
(huiied them, the tsetse Hies would (a*ase to be infective. Unfortunately, 
this hoja* luis been disa[)pointed. Three years after the depopulation 
of the districts involvecl, Bruce ascertained that local flies could still 
convf'v tin? dis(*ase to laboratory animals. Manifestly, T. yavibiense 
can tlourish und(‘r natural conditions in V(‘rtebrat(*s other than man, 
esp(‘cially on the situtunga antelope. 

Following on the opening up of Central Africa by motor roads 
and the developnu'iit of motor tratiic, a ne\v problem in the spread 
of trypanosomiasis has presented itself which applies to gambiense 
as well as to rbodesiensc infections. Jack has shown the tendency 
of these flies to follow uj) moving objects and to settle on the backs of 
pedestrians and cyclists and under the hoods of motor cars. On 
})(‘destrians these flies may be carried 10, on motor cars, 50 miles 
a day. When iht moving object stops, the Hies move awa^^ and seek 
shade mmrby. It has been found necessary to restrict vehicles 
(including cycles leaving 11}^ areas to fixed routes. At the point of 
11 
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exit notices are placed stating that motorists and cyclists must submit 
to prescribed measures. Native cyclists an^ cleansed of tlies, in sjiecial 
gauze cages. As regards motors, the vehicle is fumigated with “ Flit ” 
and the passengers are groomed with insect-nets. 

Fly traps, — Harris, an entomologist, has had very considerable 
success with a tsetse-fly trap of his own devising, the materials for 
each costing about 30s. The trap consists of a framework of light 
wood, covered by hessian cloth, being roughly triangular in section, 
with a flat top, 6 ft. long by 3 ft. wide, the sides converging to about 
3 in. apart with a narrow open slit along the bottom, the ends being 
vertical and triangular. The body is slung on wires so that the open 
slit is 48 in. from the ground. To the flat upper surface a transparent 
cage of wire gauze, of a mesh sufficient to retain a fly, is fixed ; where 
the cage fits to the flat surface the cloth is removed and tlie wire so 
arranged that the flies cannot return to the hollow body of the tra}>. 
These traps are suspended on the sunny margins of evergreen bush 
haunts of the flies, and so placed that they throw a separate shadow, 
and it has been found that, in suitable weather, each traj) will kill 
100 to 200 flies daily. This trap has been specially successful in 
catching large numbers of Glossma jHillidipes and ii. palpalis, but is 
not so successful with G. viorsitans. 

Swynnerton had been using a sonanvljal similar kind of trap since 
1922, one containing a live calf to whicli the flies an* attracled by 
scent. The most effective is a moving screen carrit*d by fly-boys, who 
are able to catch with a net practically every fly that the screc'n attracts. 
Glossina pallidipes and G. palpalis can readily be caught by any suitabh' 
trap, but other species (G. inorsitaris and G, sivijnnerfoni) are loss 
responsive. Considerable care is required in the siting and setting of 
traps, which should be placed as conspicuously^ as is possible*. 

Swynnerton ’s policy for dealing with the disease and the tsetse 
menace comprised three main lines of attack : firstly, segregation 
and treatment of trypanosomiasis cases witli a view to sterilizing the 
blood of infected persons and thereby cutting off some source of suppl}^ 
or reservoir of the parasite ; secondly, abolition of contact between 
man and the fly by removing natives from areas heavily infected and 
establishing them in cleared country, at the same time controlling 
their movements by issue of permits ; thirdly, clearing of bush along 
the lines of communication and extending agricultural operations. 

[For a detailed description of the tsetse flies (Plate V), see })j). 
1002-K)05.] 

Ehodesiekbe Sleeping-Sickeess 

The trypanosome found in cases of human sleeping-sickness 
originating in Khodesia is considered to have certain })eculiarities when 
inoculated into the rat. This fact, together with the greater virulence 
of the disease as it occurs both in man and in laboratory animals, and 
the greater resistance this trypanosome exhibits to arsenical treatment, 
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h‘(l and Fantham to separate it as a distinct species under 

tlie nan 10 of T. rhodesiense, in 1910. Later, it was proved that the 
parasite is transmitted by (Jlossinn morsitans (Kinghorn and Yorke), 
not by G. j)al'j)alis. Some authorities continue to regard T. rhodesiense 
merely as a human strain of T. bruceiy the common parasite of big game. 

Kleint^ regards T. rhodesiense as the form taken by T. gaynhiense 
when introdu(*(‘d into a new area and transmitted by tsetse flies of 
the niorsitans group, and regards it as distinct from T. hrucei ; whereas 
Duke regards T. rhodesiense and T. hrucei as tlie same ; Lavier holds 
that T. govibiense, T. rhodesiense and T. hrucei are one and the same 

s] )ecic‘s. The conclusion of the International Commission on Human 
Trypanosomiasis was that 7\ rhodesiense represented 7\ gayyibiensc 
transmitted by a different species of glossina, viz. G. vwrsiians. 

Yiu'ke and his collaborators have pointed out that in the selective 
cytolytic action of normal serum on trypanosomes and the resistance 
of T, g(uiibiense to this action, to which T. rhodesiense so readily 
succumbs, may lie the explanation of this problem. As far as this 
test is conc(‘ni(*d, T. rhodesiense and T. hrucei would appear to be 
i<l(‘ntical, a vi(*w which this worktT has always held to l)e correct. 
ldu‘ sc'rum n‘sistance of 7’. rhodesietise is not a fixed or stable character, 
but one which is readily acquired and quickly lost. 

Duke has now shown that strains of T. rhodesieyise maintained in animals 
may eventually los(‘ their j)ower of infecting man, and this effect is ascribed 
to ju’olongi'd passage through guinea-pigs. On the other hand, T. gaynhiense 
when kept for fourt^am y(‘ars in laboratory animals was unimpaired in its 
pathogenicity for man. tliough it had completcdy lost its transmissibility by 
(dossitKf pal palls. Dukt' therefore considers that eventually 7'. rhodcsieyise 
may revert to a form indistinguishable from the mild T. hrucei. Therefore, 
7'. (janihiensc and T. rhodesiense are to })e regardt'd as ])articular strains of 
7’. hrucei w liieh hav(‘ become more or less adapted to life in the blood of man 
and it is bc'lieved that the n‘sistane<‘ of man to T . hrucei is by no means 
af^solute. 

Corson ( I9‘h)) passtnl T. rhodesiense from the human source through a 
s(M i(‘s of she(‘p by Glossi/ui ynorsitans and eventually back into his own bexiy, 
and })y this self-sacaitieing experiment sought to disprove the contention 

t) ut forward by Duke. 

Geographical distribution. — This form of sleeping-sickness 
occurs in North-Eastern Bhodesia, especially in the Luangwa Valley, 
about the southernmost limit, 14° S. : in the south-eastern portions 
of Tanganyika IcTritory uj) to 10° S. ; in Portuguese East Africa ; 
in Nyasaland, espivially in the region south and west of Lake 
Nyasa : in fact, its distribution closely corresponds with that of 
G- ynoy'sitans. (Map 11.) 

^Etiology. — In human blood (Fig. 20-/, 2), 7\ rhodesiense is morpho- 
logically indistinguishable from T. garnhiejise ; but if it is passed through the 
rat or guinea-pig, a small but variable proportion of the parasites, especially 
the stumpy forms, will be seen to have their nuclei located ]iosteriorly to the 
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kinetoplast — that is to say, at the non-flagellar end of the organism (Fig. 
20- J, 4, 5, 6). 

A good deal of energy and work have been expended in attempting to 
prove and disprove that T. rhodvsieme is no other than a strain of T. hrucei 
inoculated into man. When injected into rats, T. hrucei exhibits the same 
proportion of posterior-nucleated forms as T. rhodesiense (Bruce). Taute 
and his fellow-workers have disproved this theory somewhat conclusively 
by inoculating themselves and 129 native porters with dog's and mule’s 
blood containing T. brucei— with a negative result, while rats, dogs and a 
goat inoculated with the same blood at the same tim(% succaimbed. These 
experiments, they claim, definitely disprove that T. hrucei is in any way 
pathogenic to man. 



Fig. 20. -Forms of Trypanosoma rfiodisimse. {Afh^r lyiirran.) 

1, 2, Normal forms in lilood of man; 3-^, varunis stat,'os of i»()s<orior disjilacemcrit 
of tin- 1 111 do us ; 7, a diviilmg form. 


Reservoir-hosts 

Three sjiecies of antelope, the w'aterbu(;k, reedbuck, and duikerbuck, arc 
usually reganhal as reservoir- hosts of the rhodesiense form. The common 
waterbuck has been artificially infected with the human T. rhodesiense, and 
though they themselves show no signs of disease it has yet been proved tiiat 
their blood is infective to monkeys (Week). Corson has succeeded in infec'ting 
the small dik-dik and also the hyrax with T. rhodeskrise. 

The oiitbr(!aks reported by Duke and Swyiinerton ntuir Mwanza in 1922, 
and by Dye in the south-eastern districts of Tanganyika Tf^rritory in 1927, 
render it ])robable that in these instances the so-called T. rhodemense was 
conveyed directly from man to man by Crlosmrm ^swynnerioni without the 
intervention of any big game. 

Symptoms are similar to those evoked by T. ganibicnse, though 
febrile paroxysms are more frequent, and severe glandular enlargi* 
ment is not often met with. The disease g{‘nerally runs a much more 
rapid course, and fatal symptoms usually supervene within a year 
of infection, death taking place from convulsions. Acute mental 
symptoms, such as mania, are frequently observed. 

Buchanan has observed that rapid emaciation, weakness, fever 
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and oedema constitute the most obvious signs of toxic action resulting 
from this trypanosome infection, whilst careful observation on the 
heart showed that in nearly every one tliere is a marked effect on the 
cardio-vascular system producing irritability and tachycardia. 

Lamhorn and Howat (1985) have shown that vi^ry mild and almost 
symptomless infections in nativ(‘S of Nyasaland may occur. The 
j)arasit(‘s are found to (juite nunuTous in the blood-stream, but are 
not seen in tin* glands or in th(‘ cerebro-spinal fluid. On inoculation 
into animals a viruhmt infection e!isu(‘s. Similar cases have been 
re})(^rted i)y AVoolf in the valley of the llovuma liiver in Tanganyika 
in 1910, and tin* discovery of such a human carricT was associated with 
definite outbreak of trypanosomiasis. 

Diagnosis is the same as for T. (jafubimse. Possibly the parasites 
ar(‘ more easily demonstrated by lymphatic-gland puncture. 

Corson has shown in a S(df-infiict(‘d i‘xperinient that a local circular 
erythema with a darker and slightly tmdtT centre is a used id indication 
of an infectiv(‘ bite by glossina in light-skinned people. 

Tukatment 

Atoxyl, tryparsjimide and antimony preparations (see pp. 155-157) which 
art' of use in T. gambiense infe(;tions apj>ear to be relatively powerless in 
T. rhodesie.nse eas(*s. Successt^s have been reported after massive intravenous 
d()sc‘s of antimony tartrate when treatment is commenced early and a total 
of over 5(K) gr. lias been administered (Daniels and Newham). Unfortunately, 
some of the apparently cured cases which have been recorded have subsc- 
(jU(*ntly ndapsed. 

Tlje treatment with PayiT ‘205 {(kr)nanin) is more hopeful, and 
remarkable succ<‘ss(‘s havt‘ so far been ri*corded ; in fact the drug 
ajipi'ars to exert a much more immediate and specific action than 
in T. infections. Dye, in d'anganyika Territory, reported 

that intravenous injections on the first, third and tifth days, sub- 
seipiently at intervals of five to seven days till a total of 7 grm. lias 
been administered, resulted in the disappearance of tlio trypanosomes 
from the periplieral blood within twent 3 "-four hours. The drug no 
doulit. has a remarkable stiudlizing effect in early ha3mic infections. 

'The Kditor has had two striking examples in young Europeans, both of 
whom were ])ermanentlv cured with 2 grm. of Bayer 205 given within fourteen 
days from the time* the infection was detected : one of the two had entirely 
faik'd to respond to try|)arsamide. 'fhe latter drug has no action on T. 
rhcxlcsiense. (Himparable to that on T. gambivnse infections (l)\a*). Corson, in 
Tanganyika, believes that trvi)arsamide only has a place in the treatment 
of rhodeHunse infec'tion as an after-treatment when the symptoms and signs 
liave abated. 

There is some evidence that in man a strain of Ba^^er 205-fast trypano- 
somes may be evolved, as Morgenroth and Freund have shown takes place 
in mice, and Kleine and Fischer in monkeys and cattle. One Euroj)ean 
case under the l^Mitor’s care relapsed and died after 33 gnu. of Bayer 205 
had boon injected, and the trypanosomes reappeared in the blood and cerebro- 
spinal fluid apparently uninfluenced by the drug. 
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Prophylaxis.— Prompted ])y the nsull.s of his iiiv(‘sl ions 
of the liypotliesis that hig game act as a reservoir for T. rhodvsiense, 
Yorke advocated the exl.erminatioii of this fauna,, but recent 
investigations tend to show that these conclusions were premature 
and that man liimself may often he the chief source of infection. 

The other prophylactic measures are the same as those advocated 
for T. garnbiense. 

Prophylactic injection of Bayer 205. — Duke (1934) has shown 
by experiments on human volunteers that the prophylactic action 
of Bayer 205 is more effective against T. rhodcsicnse than against 
T. garnbiense. He finds that a single dose of 1 grin, of Bayer 205, 
given intravenously, will protect a man for at least 113 days from 
infection by tsetse carrying T. rliodesiensc in cyclical development, 
and that the administration of a second similar dose three weeks after 
the first enhances its protective action. Within certain undetermined 
limits the protective effect may be directly proportionate to the nuinlxn- 
of doses given ; but it is advisable that inoculations should be repeated 
every three months. Proliahly the natural sensitiveiu‘ss of the mammal 
to the trypanosome plays an important j'art in determining the duration 
of protection conferred by Bayer 205, the more suscejitible monkey 
receiving less protection per dose per kilogram of body-weight, than 
man, who is more resistant. 

Note to the stwieMt . — As the prophylaxis of trypanosomiasis is interwoven 
with a knowledge of the life-history of the tsetsci fly and its breeding habits, 
the student is referred to tlie section on lOntomology where this subject 
is dealt with (p. 1004). 

It is also necessary that he should have a working knowlcalge of the 
appearance and pathogenic properties of trypanosom(\s which are niorplio- 
logically similar to those found in man {see j), S72). 


II. SOUTH AMERICAN HUMAN TRYBANOSOM 1 ASIS 

Synonyms. — Chagas’ Disease ; Derrengadc^ra. 

Definition. This is usually an acute, and more raivly a chronic 
disease, caused by Trypanosoma (Sebizotrypanum) cruzi, and 
disseminated by certain reduviid bugs. The acute stages of the diseasi* 
is characterized by diarrhoea and enlargement of the lyni})hatic glands, 
the thyroid, and the spleen, accompanied by cerebral symptoms. 
The chronic form is marked by special symptoms, according as th(‘ 
heart or other important organs are most invaded by the parasite. 

History. — The history of this disease is interesting. Originally th(‘ 
trypanosome was found in the blood of a monkey which had been subjected 
experimentally to the bites of Fanstrongylus (Triaiornu) nmjistm, and sub- 
sequently in 1909 Carlos Chagas found the same trypanosome in children in 
Brazil ; at the same time he traced the development of T. cruzi in tlie reduviid 
bug Fanstrongylus niegisiusy which transmits the disc'ase to man and domestic 
animals, although alli(‘d 8])ee,ies of bug, and (‘ven other arthropods, have be(*n 
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found hy Hruinj)t to liav(‘ iht; power of transmitting the infection, at any rate 
under ( xperiinental conditions. The most complete work on this subject is the 
monograph by Dr. F. L. Nino, Buenos Aires, 1929. 

Geographical distribution.— In the provinces of Minas (b raes, 
8Ao Paulo and (loyaz in Brazil ; in the states of Trujillo and ^liranda 
in Venezuela ; in San Salvador (Segovia) ; and in the Western Argentine 
in Tucuinan and Jujuy (Miihlens and Ziiccarini). It has also been 
found in children in Cordol)a (Argentina) and in the CataTuarca province 
((ieoghc'gan). (Map 1.) The disease has also recently been found in 
Panama and in (luatemala (lieichenow), in Bolivia and Peru (Esconielj, 
in VeneziK'la and San Salvador (T(‘jera), and in Uruguay (Talice). 

That this trypanosoine is })robably a more frequent infection 
than has hitherto been suspected, is sho\Mi by the fact that Noguchi 
(1924) rtH*orded the isolation of a trypanosome from the blood of a 
y(41ow-fever })ati(‘nt in Colombia. 

Trif])aiu)s(wia rruzi, or trypanosomes resembling it, have been 
found in bugs (l^ansfrouffifJus, Tridionia and lyhodinas) in California, 
but they appar(‘ntly do not transmit the disease* to man in these r(*gions. 
It remains to be st't'ii whether T. cruzi is confined solely to the New 
WOrld, for Malamos has discovered this try])anosome in monkeys 
import(‘d into (j(‘rmany from the Dutch East Indies, where Triatonid 
rnhrofa.se laid is knowii to occur and is inf(‘cted with a tryj)anosonie 
( 7’. eonorrJiUii). 

It is nmiarkabh', as pointed out by Hoare, what a comparatively 
rare himiaii dise'ase this is, considering its widespread range in the 
ins(*ct intermediary. 

/Etiology. —During the febrih* attacks the parasite, T. cruzi, 
can be found only s})aringly in the bk^od, though in the acute disease, 
as S('(‘n in children, it is more abundant. In chronic cases, in which 
the clinical sym]doms may be puzzling, they are apparently absent. 
A])parently in human beings this is a disease of childhood, but in 
Panama a cas(* has bet*n found by Ludeberg in a man of seventy-seven. 

This try})anosonie was at first referred to a separate genus, 
Sehizoirifpaniun, on account of its distinctive method of multipli- 
cation in the human body. In place of the longitudinal division 
which occurs in other species of trypanosomes, this parasite prolifer- 
ates in the cells of the internal organs, especially in the interior of 
striated muscles, such as the heart. Two forms, one slender, the 
oth('r broad, are met with in the peripheral blood. In the internal 
organs niultii)lication takes place by scliizogoiyy (Eig. 21) at a very 
ra])id rate, the resulting forms resembling leishmania bodies which, 
four days later, become transformed once more into trypanosomes 
that invade the blood-stream. (For a complete account of the parasite, 
see Appendix, p. 874.) This trypanosome, as it occurs in the blood, 
can be distinguished from other human trypanosomes by reason of 
its peculiar “ C ’’-shape. It is by no means certain whether it is 
related to, or identical with, Trypanosoma vesperiilionis in bats. 
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T. crnzi is easily cultured on N.N.N. medium, in which it assum(‘s 
the stunted forms usually seen when it is found in its definitive hosts. 

The reservoir-hosts of T, crnzi are animals peculiar to the country 
in which the disease occurs ; these are various species of armadillo 
and opossum {see p. 178). 

Transmission. — The adult trypanosomes are ingested by the 
intt'rmediary invertebrate host, Panstronffiflus me(iisfus,'^ (uther in tlie 
larval, the nymphal, or the adult stage of this bug (Fig. 849, p. 1016). 
After they have passed through many stages in the intestinal canal, 
in a period of 8-10 days, fully formed tryjianosomes known as “ meta- 
cyclic ” forms reappear in the hindgut and are jiassed out through the 
fa 3 ces of the insect. Infection of man, therefore, probably tak(^s placid 



Fig. 21.-- Trypanosoma cruzi : schizogony in hearl-inuscle. 

{From a preparation by J. Gordon Tkoirmm.) 


through the insect defaH*ating into the wound caused by its bite. 4Ti(* 
original idea of C. Chagas (1909) that intection is convi'ved by the bit(‘ 
of the Fanstrongylus has not been continued, and ]\lay(‘r has stated 
that infection may be conveyed through the bug in a henulitary maniKT. 
In the Northern Argentine the common host appcuirs to be the IJnrhnca 
{Triatonia infestans) ; in Uruguay T. ruhriraria, but other species of 
the genus PcmstrojKjyhis, JUiodnius 'prolixns and Triaionia can transmit 
the infection. 

Under experimental conditions, all lab(jratury animals can be 

1 This bug has been given various synonyms at various times, and is described in the 
literature as Tr>atoma mejista, Lamu,s mc.'jislus, and ( ■onorhinm rneyistus. 
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readily infected, and under natural conditions the domestic cat has 
been found to harbour this trypanosome. Developmental forms of 
this trypanosome have been found in bugs as far north as Utah (see 
p. 167). In infected animals transmission from the parent to the 
offspring in iilero can apparently take place (C. Chagas), but originally 
he affirmed that in humans congenital transmission frequently 
takes plac(\ 

Pathology. — The post-mortem appearances have been described 
in childnai dying of this disease. The heart is usually enlarged and 
there is an excess of pericardial fluid of a yellow or greenish C(dour 
sometimes containing a few fibrinous flak(‘s. In microscopic sections 
there is evidence of diffuse myocarditis and between the muscle fibres 
there is (‘xtensive intiltration of lymphoc} tes, plasinocvtes, macrophages 
and round cifls. There is enlargenuait of the spleen, parenchymatous 
degeneration of the liver, and gera^ral enlargement of the mesenteric 
glands. The thyroid gland, as a general rule, is congested and 
hypertrophied. TIkto is general intiltration of the subcutaneous 
t issues and thickiming of the serous meinljrarn's. Subserous ecchymoses 
are common, and small luemorrhages in the brain and spinal cord have 
been d(\scribt‘d. The ski'kdal muscles appear to be the seat of election 
for multiplication of the y)arasite, and the changes in the voluntary 
muscles are essentially similar to those which occur in the heart. The 
gross lesions in the various organs are due to the prescmce of the 
])arasite. IJndiT th(‘ micro.scoja*, cyst-lik(* cells can found, particu- 
larly in the stria bal muscular fibres, and in those of tlie heart. When 
the suprarenal glands ar(‘ affected, pigmentation of the skin and other 
evidence of Addison's dist*ase have btvn observe^d. The blood does not 
sliow great changes, as a rult? ; the trypaiujsome may persist without 
causing severe* ana'inia for a very long period, and they have been found 
in the blood of a man twenty-five years of age, who exhibited no marked 
symptoms of disease. 

Symptoms. — There have been noted in the published accounts of 
Chagas’ disease considerable discrepancies regarding its distinctive 
features, so that during recent years a note of hesitancy has been 
observed about recognizing any peculiar syndrome as being distinctive. 
Some authorities believe that there are no distinctive clinical features ; 
thus Miller reports that the symptoms and signs of the Panama cases 
were essentially negative. The trypanosomes disappeared from the peri- 
pheral blood without the action of any specific drug in the course of a 
few weeks. 

Chagas (1984) has now described the experimental inoculation of 
a patient suffering from incural)le malignant disease. An intermittent 
j)yrexia lasted for three weeks. Trypanosomes appeared in the 
blood on the thirty-eighth day. There were no striking clinical 
manifestations. 

llomaha has recorded unilateral conjunctivitis with oedema 
(Eomaha’s sign) as an early and distinctive sign of infection with 
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T. cnizi (Fig. ‘2‘2), and has eoiijecturod that the conjunctiva might la; a 
])ort of entry for tlio trypanosome, and now E. Cdiagas lias jiroved this 
to be true, experimentally, by placing the excreta of luigs on t.li(‘ 
conjunctiva of rabbits. In the case he published the attention drawn 
to t lie unilateral ocular condition led to the discovery of the trypanosoirie 
nature of the disease. 

Caceres and Inaguirre hrst noted, in a case of acut(‘ Chagas’ disease 
in a hoy of live years of age, localized oedema of tin; (;yclids, malar and 
temjioral regions. 

The following clinical syndromes have been described by Chagas 
and his co-workers : (u) The acuie form usually occurs in infants of 

about one year. A fever exhibiting slight nocturnal elevations persists 

as long as the parasite occurs in 
the blood. In \'ery si'vc're cases it 
may reach 104"’ F., especially in 
infants, and tlu^rt; is often giuieraJ 
anasarca. TTu‘ face is ]mffy, tlu* 
thyroid gland greatly hypt'rtro 
])hied, and the su})(Tlicial lyniphalic. 
glands, especially tlie axillary and 
inguinal, an^ t‘nlarg(‘d. Whether 
the hyp(‘rtr()])hy of tla* tliyroid is 
an essential jiart of tlu' disease is 
by no means clear, as goitre is ex- 
tremely common in those jiarts of 
Brazil in which this diseasi; occurs, 
and th(‘re is littk; doubt that many 
of the easels are tryjianosomc 
disease superimposcul upon (*])i- 
d(unic goitre. The j)ulhn(;ss of the 
face, acconipani(‘d ])y conjunctivitis, 
is said to be so charact(‘rislic as to 
b(; almost diagnostic and on this 
account it was formerly confused 
with ancylostomiasis. Tin; liver 
and spleen are both enlarged. T’he thyroid enlargement is one of 
the earliest symptoms, and has been observed in breast-h'd children 
two to three months old. In the terminal stages the child develojis 
symptoms of an acute meningoencephalitis ; dcuith generally takes 
])lace within a month of the onset, but should the child survive', 
the disease passes into the chronic form. Yorkt; remarks that myo- 
cardial degeneration and heart faaTuro are tlu; (*ommonest cause of 
death, as the parasite evinces a predilection for the lu'art muscle, 
causing bradycardia with peculiar cardiographic. tracings and low or 
absent B and T wavc;s. 

(b) The chronic' Jorfu . — According to Brumpt, Chagas’ disease 
in the chronic form may be subdivided into the following varieties, 



Fig. 22. Unilateral conjunctivitis as 
an early sign of infection with T. cru::i 
{Puhlicatidn No. 24 , iJ nirersidad Bur no.s 
Airr.s). 
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\ i/. ])S(*ii(l() inyxccdeinatous, myxfedcanaions, cardiac, and nervous. 
Tlie pseudo-iuy x(cdetuat()iis type is fre(juent in children up to 15 
years of a^j^e ; lliey siifYer from a clironic cachexia, irre^mlar fever, 
cardiac l)y])ertro])}iy, and tachycardia. Tlu^re are usually other 
inyxaMleinatous syinploins, as evidenced by the infiltration of the 
sulxnitaneous tissues, and l)ronzinf^ of the skin, resembling Addison’s 
disease. The spleen, liver and lymphatic glands are enlarged, as 
well as the parotids on rare occasions ; epileptiform convulsions 
may occur ; other forms of the chronic type may be seen actually 
in adults. 

Thi^ myxccdematous typ(‘ is characterized by great thyroid 
insutliciency, scanty secretion of urine, dry skin, etc. ddiese 
cas(is res(*mble classical myxcedema. 

The cardiac tyjx' is characterized by cardiac arrhythmia. The 
frecpnait occurrence of extrasystoles produces a disturbance of the 
cardiac rhythm, which b(a*oines especially marked on lying down : 
c()ns(Hpuaitly tlu^ ])ulse is intcTinittent. A bradycardia of 24 beats 
)H‘r niinutt^ has IxMai observ(*d ((Tiagas). Pericarditis may supervene, 
and is usually fatal. The chronic cardiac disease may be the sequel to 
an acute infection in infancy or to repeated rtdnfections in later life. 

The nervous type is charact(Tized by “ intention tremor,” various 
j)aralyses, muscular contractions, and choreic movements. The 
l)rain and cranial nerves may be involved, producing various types 
of aphasia. Cerebral dij)legias, ending in infantilism and mental 
deficiencies, have been (h'scribed as a result of this disease. 

It is only fair to state that not all authorities are agreed that the abov’e 
(k'serijition is distiiu'tive of Chagas' disease. It has been pointed out, notabl v’ 
by Kraus, that it is dittieult to distinguish endemic goitre and cretinism from 
the clinical [)ictur(‘ of acute and clironic trypanosome infection as depicted 
by (’hagas. According to Munk, in the district where Chagas made his 
discovery, 75 jier cent, of the indigenous population have goitre, and a cretin 
is found in almost ev(‘rv family. 

K. Keichenow {I9S4), who has studied this trypanosomiasis in Indian 
children and in half-(’astes in (iuatemala, has remarked upon the absence of 
any distinctive ft‘atur(‘s. Appanmtly it differs in intensity in diffenuit 
countri(‘S. In (JuaUunala there is no as.sociation with thyroid disease and 
only v\ h(‘n the tmnperature is raised are the trypanosomes numerous in the 
blood-stream, and th(‘y are only found in thick-drop preparations. About 
3 }H‘r cent, of cliildnm of 5 months of age were found infected. The tryjiano- 
somes wen^ })resent in the blood for 10-30 days, when they disappeanal of 
their own accord. No chronic stages of the disease were observ(‘d. 

Diagnosis. — The trypanosome is usually present in very small 
numbers in the blood-stream, and prolonged search may be required 
for its detection. It may be necessary to collect the blood in 
citrated saline and subject it to prolonged centrifuging. The 
])arasites may sometimes be found in the cerobro-spinal fluid by lumbar 
])uncture ; on f be oth(»r hand, puncture of tin* lympbati(' glands seldom 
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reveals them. A readier method of diagnosis consists in inoculating 
a guinea-pig with the patient’s blood, when the developmental stages 
of the parasites may he found subsequently in the organs. In the acute 
form it is said that positive results are obtained by inoculation of 
guinea-pigs in 26 per cent, of easels. In chronic cases animal inoculation 
is negative. These difficulties in diagnosis have led to the elaboration 
of a com])lement-fixation test (Machado, VilU‘la and llicalho). ^rh(‘ 
antigen is prepared from a glycerin extract of heart and splcnui of 
infected animals. Lacoste, using a glyc<‘rin s])l(‘en extract of inf(‘cted 
puppy, has ri'corded positive reactions in 68*5 pcT ctait. (Machado 
reaction). T1 h‘ specificity of the test must 1 k‘ accept(‘d with r(‘S(‘rvt^ as 
regards other forms of buman trypanosomiasis, but it s(‘ems evident 
that there is no parallelism ladween th(‘ Machado and tlu' WasscTinann 
reactions. 

Brumf)t has 8uggest(Ml a method of xeiio-diagiiosis wliich consists in 
feeding laboratory-bred triatomas with the blood of the sus|X‘etcM person, 
when the cyclical development of the trypano.some can be readily demon- 
strated in the intestinal tract of the insect. 

On clinical grounds, Chagas’ disease is to be distinguished from 
endemic goitre, ancylostomiasis,Graves’s disease, cretinism, myxmdema, 
Addison’s disease, and other disturbances of the endocrine glands. 

Treatment.— Unfortunately, arsenical and antimony compomids 
employed in the treatment of the other forms of trypanosomiasis 
have been found l)y no means so effective in CTiagas’ disease. Bayer 205 
has no (dh'ct upon it at all. In the myxeedematous forms, thyroid 
medication should prove beneficial. Appariaitly s|)ontaneous cure 
may occur in the febrile cases showing few symyitoms ; but originally 
C. Chagas did not consider this possible. 

Prophylaxis. — This should be directed principally to the sup- 
pression of the insect conccTmal — Fanstromjijhis [Triaioyiia) )NC(fistu.s 
(Fig. 849). It is a large Idack insect b(‘longing to the family lleduviida*, 
well Icnown to the natives, who call it “ barbeiro,” lanaiuse, ])n‘sumably, 
of its fondness for the face. The nymj)lis bite and can convey tlie 
infection, but the adults, liaving wings, art‘ more dangcTous. In the 
daytiiiKi tliey live in tht; grass walls and roofs of the dirty nativ(* houses, 
or of pigsties, coming out aftt^r dark in search of th(‘ir food - blood. 
Their habits indicates better and cleanlier housing, sl(‘(‘j)ing off tin* 
ground, and protection by mosquito-netting. 

The fact that the armadillo is the reservoir-host suggests that 
human habitations should be placed as far away from the burrows 
of these animals as possible, and that the floors of the bouses should 
be constructed so that the armadillo cannot burrow underneath them. 
Brumpt has called attention to the fact that one form of rtaluviid, 
Panstrongylus geniculatus, which normally feeds on the armadillo, is 
commonly met with in the burrows of a Bock, or Moco, cavy, Xerodon 
rupestris, and that tlj(? trypanosome can be found in these bugs at 
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groat distances from any human habitation. Spontaneous infection 
of local armadillo(‘s and its presence in Dasypus novemcmctus have 
been reported. It is, thc'nd’on^, possible that the disease exists inde- 
pendently of man. Kohertson has also found large numbers of this 
trypanosome in the blood of an opossum (Dideiplds) in Honduras. 

Animal Reservoir-hosts 

The most important reservoir-host is the armadillo, wliich is distributed 
throughout South America and is frequently found in burrows in the vicinity 
of human habitations. In these situations, too, the bugs {P ansi rang yl us 
grriicukiti/<s and P. mcgistus) arc at home. Tlie long-tailed armadillo (Daf^ypus 
noveinrinctu.s) is the commonest sfKH'ies, abounding in (Tuatcunala up to alti 
tildes of 5,(KK) feet. The jK'ludo ” {Euphrnctus sejccinctiLH) is a much smaller 
animal, IS in. in length. It is sjiecially common in Brazil and f(‘eds to a great 
extent on carrion. One otluT H{K*ei(*s of armadillo, ('abassous unkmctus, is also 
susjM'cted. In addition to those mentioned Mazza, Mi vara, Salomon and San- 
jurgo have found the following to carry T. cruzi : — 

Edentata : Euphrartus vellrrosu.s. 

Zo(‘.(]yp H ,s p ich iy . 

Marsutiala : Didelphis imragnayensifi. 

Lu t real i nn r rn i ra ud a ta . 

Omeihoi’TEHa : Nyrtinonwps vmrrotis. 

My (A is Icvis. 

CaniD-E : Pseuddbffwjr nil paras. 

MrsTElJD.K : (iri'^ourlla ratrUinn. 
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LEISHMANIASIS 

Under the title “ Leislimaiiiasis ” at least tliree diseases are included 
— Kala-azar, Oriental Bore, and Espundia. (Map III.) These, 
though clinically quite distinct and having each a definite? topical and 
geographical distribution, are all associated with what, optically, at 
any rate, appe^ars to he the same organism, 

I. KALA-AZAll (ViBCEllAL LELSHMANIABIB) 

Synonyms. — Tropical Bpleiiomegaly : Black Sickness ; Birkai i 
Disease; Sahib's Disease; Burdwan Fever; Dum-dum Fever; 
Ponos (Greece). 

Definition. — An infective disease characterized by clironicily, 
irregular fever, enlargement of the spleen and often of the livta*, and 
the presence in these and other organs of LeisluiKirria donormn. 

History.— Tlie ('arliest dcscri])ti()n of this disease is by FlaiFe (1S82), 
who stated that as far back as lSh9 the attt'utioii of administrative ohieers 
in Assam had been dirc'cted to a ])(‘eiiliar disease called by the natives kala- 
azar, the ravages of which decimated, and in some instances almost de- 
populated. numerous districts in the Garo Hills. 

Owing to the absence of malaria parasiU\s, tertian or quartan periodicity, 
and the inefticacy of quinine in the t-ases of tropical s])len()m(‘galy A\ hich 
Manson had studied in England, he came to regard this disease* as non- mala rial 
and as one* sui generis, and suggested in 1903 that it might Ix' a trypanosome* 
disease. In that year Leishman discovereel certain small e)val boelie*s in the 
spleen-pulp of a soldier who hael died of dum-dum ” fever at Ne*tle*y, and 
surmised these be)elies te) re'present degenerative forms e)f a trvpane>some\ 
Later, I)one)van in India e?orrobemited Leishman’s eliscejvery. In De‘cembe?r, 
1903, Manson and J^ow found similar bodies in the; spleen e)f a patie;nt fre)m 
India suffering from the same disease, and were able to show that these 
bodies were not euidocorpuscular parasites. During the' past two ye ars 
kala-azar has been discovered in Brazil. 

Geographical distribution.— Kala-azar is a, widely distriluited 
disease. It occurs in India, especially in Assam, Madras, and along 
the Ganges and Brahmaputra ; in China, north of tlie A^ungtse in a 
district between the; coast and a line; joining Peking, Hankow and, 
re^cently, as far south as Canf on ; in the; Suehni (Kassala ;njd Blue; Nile 
districts), Weste^rn Abyssinia, Chad territe)ry aiiel North(‘rn Ke;nya ; in 
French Guinea ; in Nigeria (Owen) ; in Tunis, Tripoli, Morocco, 
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Alg(‘rin, mid (randy) : in Sicily, Italy, Crete (Caia^a), Spain (in 

Madrid and the (aist and soutli coasts), Vahmeia (Ijeinierrej, Turkey 
(Arar), l^ul^^aria (Mol low), Yugoslavia (Abramov), southern France 
(Marseilles), Fort u gal, Greece and the Grecian Archiptdago (where the 
disease known as “ ponos ” has proved to be infantile kala-azar), 
Malta, Transjordania, and in liussia west and (jast of the Caspian, in 
Transcaucasia, and Turkestan, and it appears to bo widespread in 
southern '\Ianchuria. 

Tlio existfnee of kala-azar over a wide area in South America has 
beiai on(‘ of th(‘ surprising discoveries of n‘cent years. Ever since 1911 
\ (died refennee lias be(‘n made to th(‘ probability of this diseasti existing 
on th(‘ Amazon and its t ributarii'S. In 1918 Migone ])roved a case in 
Asuncion, tbe capital of Paraguay. More recently Fomaha found 
('as(‘s in the* Chaco in the northern Argent ira*. Fp to 1981 thi'se were 
r(gard(‘d as curiosities till tie* (‘xisteiice of many others was found by 
Ibe routini' ns(* of th(‘ risanvtofne (sec p. 870) in north-eastern Frazil : 
in a s(‘ri(‘s of 47,000 examinations Leislunania have be('n found in 41. 
I’p to th(‘ ])r(‘S(>iit E. C'hagas has r(‘ported upon a series of 25 cases 
(.see Maj) 111), esp(‘cially in Araca-ju in the stat(‘ of S(*rgipe. The 
])arasit(‘, which differs in no morphological details from Leislimnnia 
(fonorani, or in other n'sjaxds, cultural or })athological, has been 
]irovisionally named /.. clKKjdsi. It is said that diff(‘rentiation can be 
establish(‘d on s('rological and absorption tests in Noguchi’s medium, 
but recently Adler lias shown tJiat there are no specific distinctions in 
this neotro])ical form which will infect hamsters. Its (‘pidemiological 
R'semblance to the ]^b‘dit(‘rranean form is shown 1)V the discovery of 
inlt cted dogs and oni' cat in the endemic focus around and to the south 
of Para, lua’reira and his c(dleagu(‘S hav(' proved that the disease is 
transmit t(‘d by tlu* sandtiy, P. ititermc^ius, and also, possibly, F. 
lo}i(ji])alpis. 

Jt lias l)(‘(‘n remarked by Kirk that the patchy distribution of 
kala-azar in tla* Sudan somewliat n‘sembles that of Brazil. Here the 
dis(‘as(‘ is (aidemic in tht‘ Kassala and P'ung districts bordering the 
Abyssinian and Eritix-an frontiers. Hence thi^ endemic anxi extends 
West wards as far as tlu' W hite Nike In the southern Sudan an endemic 
focus was found in the Kajioeta district, which li(‘s betwavn Al)yssinia 
on the (‘ast and Kiaiya and Uganda on the south. A third end(‘mic 
arc'a exists in Darfur, the most wa^sterly province of the Sudan. 

Epidemiology. - Our knowledge of the epidemiology of kala-azar is 
gathered mainly from the Assam epidemic, which began about 1870, when 
th(‘ disease a})})ears to have been introduced from llangpur. Rogers believed 
it was originally introduced from Bengal, a theory supported by the names 
of ‘‘ Sirkari disease ” and “ Sahib’s disease ” given by the Garos, w ho state 
that it was unknowni among them until after the English took over their 
country. The epidemic advanced slowly along the valley of the Brahmaputra, 
taking seven years to spread less than a hundred miles. The introduction 
of the infection into a village was almost invariably traced to someone 















176 


LEISHMANIASIS 


coming with the disease on him from an infected locality, though some 
isolated localities escaped in a remarkable manner. Generally it clung to 
a place for about six years, and then disappeared without any apparent 
change in the local conditions. A house seemed to retain the infection for 
many months ; the natives considered that it could not be reoccupied with 
safety under one year. During the course of the epidemic, kala-azar never 
extended far above the level of the Brahmaputra valley, the disease appearing 
first at the foot of the hills, and then spreading between them along the 
patches of low, flat, terai country. During the years 1922 and 1923 it ex- 
tended up to the head-waters of that river into the Dibrugarh district, where 
it had never been known before. At present, kala-azar in India is confined 
to Assam, Bengal, Bihar and Orissa, and the United Provinces as far as 
Lucknow, and stretches in a patchy manner down th(5 Last Coast as far as 
Tuticorin. It has never spread to Ceylon. Kala-azar does not occur above 
an altitude of 4,(KK) feet. 

On account of its deadliness, kala-azar, as it swept onwards, became a 
terror to the natives. Those suffering from the disease were turned out of 
the villages ; sometimes they were made unconscious with drink, taken into 
the jungle and burnt to death. Some villages cnit off all communication 
with neighbouring villages for fear of infection ; other villagers deserted their 
homes and even migrated to a different district. 

Napier has pointed out that the distribution of kala-azar in India is 
associaU'd with one set of physical circumstances — the existence of alluvium 
and a certain heaviness of rainfall. In Assam there is a very definite house 
infection which in many cases is traceable to the intnxluction of a rtflative 
from a previously infected habitation, and there is reason to believe that, 
once introduced, kala-azar does not disappear until the w hole of the population 
in the focus has been infected. It has been pointe^d out by McCombie Young 
that the epidemics of 1890-1900 and I9I7-I929 were preceded by a devastating 
earthquake in one case, and by an even more devastating influenza epidemic 
in the other. 

The neotropical form occurs in various types of country — in miserable 
hovels, in dense forests, in desert country and on river banks. 

11. Archibald and Henderson have shown that kala-azar is found in j)ar- 
ticularly restricted areas in c^astern Sudan, esjMJcially along the Blue Nile 
and its tributaries from the Abyssinian border to within 150 mih^s south of 
Khartoum ; there the river flows through ojxui, flat plains of thi(!k loam, 
where the temperature rarely falls below 60'^ F. ; there, too, the disease 
particularly attacks ill-fed children. 

Giraud states that in the Marseilles district the disease has been appanmt 
since 1922, 146 cases having been recorded. The endemic zone does not 
extend west of the Rhone in dry, scrubby districts where the jievre houtoii- 
neuse ” is most abundant. 

Although the foregoing are the only recorded examples of kala-azar 
as a widespread and active epidemic, it has been recognized that a 
disease clinically identical occurred sporadically in several places in 
India, the Mediterranean area, the Sudan, and China. Apparently, 
then, kala-azar occurs both as a sporadic and as an epidemic disease. 
In 1904, leishmaniasis was discovered in Tunis by Cathoire, and im- 
portant studies by the Bergents, Nicolle, and many others liave shown 
that the parasite occurs in many of the islands and countries in the 
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Mediterranean basin ; Ujat there it is practically confined to young 
cliildren — infantile kala-azar — the parasite of which may be a distinct 
sp(^cies ; and, fiirthtT, that, whilst in India dogs are never affected, 
in the Medit(Tran(*an basin and in Spain a largo proportion of these 
animals ar(‘ naturally the subjects of leishmaniasis (L. cayiinum), and 
in many cases are closely associated with the similar disease in 
cliildren. 

Adler and Tlu^odor have emphasized the differences betw’oen 
M(‘diterran(*an and Indian kala-azar. In the Mediterranean, children 
under one year are attacked, wdiile in India kala-azar in infants is a 
curiosity. There appears to be a definite and intimates connection 
between canine and infantile kala-azar ; it is a seasonal disease both 
in infants and in dogs. The disease, wliich occurs on the outskirts 
of towns and villages, usually appears in April and is very rare after 
November. 

Nicolle has differentiated the parasite, wdiich is morphologically 
indistinguishable from L. donoirniiy as Leuhniania infantum ; in fact, 
Brumpt considers that this type is normally a parasite of tlie dog, 
and that it only attacks children accidentally. According to Hindle, 
Chinese hamsters inoculated with cultures of L. injantum exhibit a 
periarthritis of the limbs wdiich is not induced by other species of 
l(‘ishmania. 

Jn the i\rediterranean area adults are not immune to infection, 
w hile in India children are more fre(]uently attacked I ban was at 
first supposed. The close association of the canine and human disease 
in the Mediterranean ari^a is far from being always observed : thus, 
dogs ar(‘ commonly found infected in Morocco, while only recently has 
a single human case been seen there ; and the same obtains in Mar- 
s(‘illes. Th(‘ caniiu* disease also occurs in Dakar (Senegal) and in 
^IVditTan, where human kala-azar is unknown. Now C. U. Lee has 
discov(‘red numerous inf(‘ctt‘d dogs in Teiping and Andrews in Mukden 
(Manchuria). 

The rate of infection of dogs with Leishmania is as follows : Tunis, 1*8 j>er 
cent. ; Algiers, 7*1 per cent. ; Lisbon, 3*7 per cent. ; Athens, 13*75 per cent. 
Malta, 10 per cent. ; Home, 10 per cent. ; Messina, 81 per cent. ; Island of 
Hydra, 17 per cent. The disease occurs in dogs at any age, and the parasites, 
indistinguishable morphologically and culturally from L. donovaniy are found 
in large numlx>rs in bonc-marrow', spleen, and liver. The aldehyde test has, 
on the w hole, not been found so reliable as a means of recognizing the diseas (3 
in dogs as in humans, though Sergent and Adler consider it of some value. 

Schrotzcnmayr has described a sudden outbreak which occurred at 
the beginning of 1988 amongst Chinese troops in Canton, where the 
disease had not been previously noted. The first case was diagnosed 
through the discovery of leishmania in a malaria patient, and during 
the next five months a further 83 cases wwe identified. The disease 
appeared to follow the usual course, and in a number of cases jaundice 
was a feature. 
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^Etiology. — Tho kala-azar parasite (Plate VJ) is now generally 
included by most aiithorities in the genus Leishmania, though some 
are disposed, on account of its life-history, to regard it as an Herpe- 
iomonas. We know two stages of this body, intracorporeal and 
extracorporeal. Possibly these rei)resent respectively asexual and 
sexual forms ; the former found only in man and in some other 
vertebrates, the latter obtained in artificial culture media and in 
the sandfly. 

The distribution of the parasite within the body of man is very 
general. Apparently its special habitat is the endothelial cells of 
blood-vessels and lymphatics. It is particularly abundant in the 
spleen, in the liver, and in the bone-marrow (Plate VI). 

The Leishman-Donovan body, as it is generally called, is a small 
ovoid or roundish organism measuring 2-4 [jl in diameter. \\'hen 
stained according to Leishman's method it shows two lilac-coloured 
chromatin masses, one larger than the other, enclosed in a cytoplasm 
having a faint bluish tint about the perijdiery. The larger is known 
as the trophonucleus, the small rod -like body as the rhizo[)last. Tin* 
parasite divides by longitudinal fission. 

The parasites, as they occur in man, are ])robably almost invariably 
intracellular. They grow and multiply within the host-cell, causing 
it to enlarge, and tlien, after disintegration of the nucleus, to disrupt. 
The parasites so set free either enter other endothelial cells or are taken 
up by the white blood-corpuscles, in wliich they are sometimes found 
in the peripheral circulation. In smear preparations they are often 
free or in clusters of various numbers, sometimes arranged with great 
regularity like the merozoites in the segmenting quartan or tertian 
malaria parasites. Sometimes as many as 50 to 200 parasites, or 
even more, are found togetlier embedded in a structureless matrix or 
stroma, probably the remains of the original host-cell. 

Th(‘. parasite can be cultivated outside the body. The iiKHliuin used by 
Rogers was citrated blood. When kept at blood-heat the parasib's degeneraU' 
and disappear, but at a temperature of 20-22' C. they multiply rapidly and 
assume an elongated motikj flagellated form. The flagellum arisc's from the 
rhizoplast and projects at the anRmior end of the body as in II erpt tomonus, 
but there is no undulating membrane as in the trypanosomes. Thes(‘ 
flagellated forms measure 12-20 ^ in length, and multiply by longitudinal 
fission. They move actively, flagellum foremost, and tend to agglomerate 
into rosette groups with their flagella directed centrally. The N.N.N. medium 
(p. 1037) is now considered the best for culture of this organism, but technique 
must be particularly observed, as bacteriological contamination rapidly kills 
the parasites. Wenyon has succeeded in keeping the parasite alive in 
successive cultures over a j^eriod of fifteen years. The flagellated form has 
not been found in the human body, but Wenyon has noted that these forms 
may occur associated with typical leishman bodies in canine leishmaniasis. 
The parasite can be communicated to dogs, cats, jackals, monkeys, rats, 
voles, hamsters, and mice, provided that large doses of the virus are injected 
into the peritoneal cavity or into the liver. To infect a dog, it is necessary 
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tc» inject 2-4 e.c. of a thick emulsion of infected spleen, liver, or borie-inarrovv. 
Intravenous injection is by no means so successful, while injections of cultures 
rarely succeed. 

Lwoff has now shown that for growth Leishrnariia donovani and L. tropic/i, 
like Trypanosonm cruzi, require ascorbic acid, hjematin and also an unknown 
substance in the serum. Archetti has shown that Jteichenow’s medium of 
citratc'd blood and Ringer’s solution, normally used in the cultivation of 
trypanosomes, is very suitable for the growth of leishmania. 

Transmission of the parasite. — ^It was formerly thought, from 
tlio close association of the human and canine disease in the Mediter- 
ranean area, that the dog constituted the chief reservoir of infection, 
hut the association is not now so complete as to he conclusive for 
(attain areas, as, for instance, in Iran, wluTe kala-azar in dogs is 
common, while human kala-azar is absent. In China, a small rodent, 

I he strijxal hainst(*r (Cricctulus (jriscus), has proved in the laboratory 
to he extraordinarily susce[)tihle to infection, and this animal has once 
be(*n found to he naturally infected in the wild state. These are the 
facts which an‘ known, hut they do not at ])res(‘nt afford hy any na^ans 
a sun‘ ex])lanati()n of th(‘ peculiar geographical distribution of kala-azar 
on the grounds that sona* wild animal is the res(‘rvoir of infection 
to man. 

On account ot the ptnuliar t<jp(»grapbical distribution ol kala-azar in 
lialia, Sinton tirst sugi'cst^-d in 1922^ that a sandtly [Phleholomus) was the 
ins('ct vector, and in the siime year Napier found a close corresj)ondence 
between the distribution of P. and the number of kala-azar cases. 

It was further found that this sjx^cies of .sandfly feeds .solely on man. A 
similar suggestion as regards the lei.shmania of oriental sore had already been 
])ut forward by Wenyon in 1911 and subserpiently proved correct by the 
Serg(‘nts in Algiers. Sinc(‘ tliat time a large amount of work on the subject 
has been performed by ('hristophers, Shortt, Knowles, Nai)ier, Barraud, 
Lloyd, and Smith, witli the result that a very rajud, inttmsive and remarkable 
d(‘velopment of luu'petomonas forms was found to occur in one species of 
sandfly— 7 argvutiprs wluui fed on the blood of patients suffering 
from kala-azar. The whole* midgut becom(‘s inh'ctt'd and in some individual 
insects the infection spri*ads to the [diarynx, and even to the buccal cavity 
( Fig. 23). The distribution of this s|iecies oi PhUhotoums in India eorres})onds 
closely to the distribution of kala-azar; in other endemic areas a different 
sjH^eies of Phlebotoinus is involved, as in C’hina, P. nuijor and /*. sergenti 
(H indie), and in the Sudan Phlehotomus pernicuhsiis var. langeroni. One of 
the main difli(*ulties enc*ountered in these (‘xperiments is the delicacw of the.se 
small insects and the trouble experienced in keeping them alive longer than 
live days alh'r feeding. The crucial test, the actual transmission of kala- 
azar to man uiuh'r ex])erimcntal conditions, still remains to be performed, 
and though hamsters liave been inf(‘cted by injection of crushed sandHies. 
only one animal out of many thou.sands of experiments has so far been 
siicces.sfully infected by sandfly bite.- The members of the Kala-azar Com- 
mission undertook an ex{)eriment with .seven volunteers and a large number 

^ This was in a private oominunioation U) Knowles. 

* For possible e.xplanation of this, see concluding sentoiiee. 
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of infected sandflies. The result was negative. The eoiiclusions of the 
Indian Kala-azar Commission whicli closed its labours in 1930 ended in a 
note of despair. The experiments on sandflies extended over a year, and 



Fig. 23. — Section of Phlebotomus argcutipes^ showing pharyngcai infection 

with Leishrminia donovavi. ( From Indian JL Med. lies.) 

P, lumen of jiharynx ; 1*2, posterior Icrmiuatiori of pharynx ; T, ridj^es of crinkly 
portion of i)harynx ; M, muscles of pharynx ; F, llapellatc near anterior 
extremity of pharynx; F2, llapellates anterior to crinkiy jortion; J'.'l, 
IliU'ella.tos breaking free from main mass of growth; FI, massive growth 
of iJagellates at posterior end of pharynx. 


during that period 273,467 sandflies were bred out , and of these 79,939 \vere 
fed in the laboratory ; but now (1935) Smith has shown that, in the hamster, 
the disease takes 18 months to develop after the animal has been bitten by 
an infected sandfly. 
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Wu and Sun in China (TainL'kian^'pu) have subjected loeal species of 
sandfly to experimental infeetion afU»r fe(‘ding on kala-azar j>atients and 
infecU*d liamsUTS. 7die infective rates were : 

]9-2r) per cent, from kala-azar patients, 5G-25 per cent, from hamsters — 
in the species Phlchotoirius chinensis ; 

M7 per cent, from kala-azar patients, 32-68 per cent, from hamsters — 
in the spe(;ies Phlf hotoniHs scrgmti var. rnoiigolicus. 

Short t, Barraud and Craighead have reported the occurrence of 
naturally-infected sandflies in a kala-azar houses. 

FornuTly it was htild, mainly by Patton, that the bed-bug was the most 
probabk- insect vector, but the work of Maekie (1915) and Cornwall (1916) 
gn'atly w(‘ak(‘nerl these arguments. 

An account of tlic bionomics of the sandfly will be found on p. 997. 

Jn Malta, according to Adler and Theodor, 10 per cent, of native dogs 
are naturally infected, es})ccially in the summer months. The majority of 
the infected dogs are mangy and emaciated, though some may look healthy. 
Seborrluea and depilation are the most frequent signs. The skin condition 
is due to infiltration of the macrophages round hair follicles, and may be 
present with only slight visceral infeetion. 

In Catania (Sicily) and in Malta, Adler and Thecxlor believe that both 
the infantile and the canine j)arasite of kala-azar are transmitted by Phhho- 
totnus jHrniriosu.s. The distribution of the disease in Sicily and in Malta is 
said to be very local and no siindflies are found where there is no disease. 
Th(‘ sandflies could be inh'cUHi by feeding them on the unbroken skin of 
infected dogs. 'Pliesc- same workers predicted that sandflies of the major 
group, the iiK'inbers of which are, as far as it is known, responsible for the 
transmission of kala-azar, would be found in the indigenous areas in the 
Sudan. J^hlchotornus langcroni has now Ix'cn found there by Sir Kolx'rt 
Archibald. 

The Chinese hamster {Cricdulus griseiis) is a small species of the size of 
a field-mouse, 12 cm. in length and 30 grin, in weight. Common round 
Peking, it exb-nds into Chinese Mongolia. It makes exUmsive burrows, 
frequenting cornfields and destroying quantities of grain. It is greyish-brown 
in colour, ])ale beneath, with a d(‘cided median dorsal stripe, and has a short, 
stum]\v tail. 

The marmot of Greece and Palestine {Pricctvlus aurafus) has also been 
found suse(*ptible by Blanc and ('aminoiH'tros, and also the Macedonian 
spermo])hile {('Hilhos citillus) 

Khav , in C3iina, has found that the mole rat {M ifospalax fontanieri) and 
the ground squirrel (C/07/a.s- dauricu.s) are susci'ptible to leishmania infeetion. 
The former is as easily infecUai as the hamster, the latter less so. The following 
species of hamstt-r also have btxrn infected : Criretus triton, C. accedua, and the 
common hamster, C. frum£.ntarius (Mayer, 1926). In the Sudan, Archibald 
(1914) found that gi^rbilles {Gerhillus pyargus) and jerboas (Jaculus gordoni) 
could be infected in the laboratory. I)a Cunha has reported the successful 
infection, with the leishmania (L. cJiagasi) of South American kala-azar, of the 
hamster, the rhesus monkey, and the dog. 

Hu and Cash have made the most interesting observation that 
the leishman bodies are taken up by the cells of the reticulo-endothelial 



182 


LEISHMANIASIS 


system, or clasmatocytes, and, in experimentally-infeciod hamsters, 
become massed as a thick layer of heavily infected tissue lying 
immediately underneath the skin, though externally no change can 
be seen on the surface of the body. This observation has been con- 
firmed by Hindle. In skin sections from a fatal case of kala-azar a 
similar condition was seen. All levids of the skin below the epidermis 
(‘ontainod leishmania-filled cells collected in large massifs about the 
sweat-glands and arterioles and scattered diltiisely tliroughout the 
coriuni. The relationshi}) lietween this condition and the curious skin 
eruptions (p. 187) described in India is of interest, and it suggests 
the possibility of the manner in which the parasites are abstracted by 
blood-sucking insects when scanty in the peripheral blood. 

Suggestions have been made that th(‘ transmission may be direct from 
man to man through the faeces. The evidence for tliis ap])ears to be based 
U])on tile fact that leishmania jmrasites occur in polypoid masses in some 
intestinal cases, and that leishmania-like bodies have l)ee;i found in the 
intestinal mucosa in kala-azar cases by Mackie, Knowles and others. In 
addition, Shortt and his colleagues have diunonstrated the presence of 
Leishman-Donovan bodies in numbers in blood -and-mucus stools in a boy 
suffering from kala-azar with dysenteric sym])toms, and further they have 
shown that hamsters kept close together in a small cag(‘ contracted the 
infection from om^ another in the absence of an insect intermediary. 

Nasal and oral secretions.— Forkiier and Zia in tliina lun c discovertHl 
Icisbinania in the material obtaiiuHl by passing an ordinary swab ov(T 
tbe nasal mucosa of nine kala-azar jiatnuits, and juirasit(‘S were also 
seen in tbe material blown from the nose (drojilet infection). Th(‘ 
tonsils wer(^ found to b(‘ lieaAdly infected. i\laterial from these situa- 
tions have produced kala-azar in ha.mst(TS l)y intraperitoneal 
inoculation. Apparently it is not necessary for the organism to pass 
through the flagellattHl stage in ord(^r to naider it transmissible. 

Shortt and Swaminath have reported findiiig 1 jcislimania donorani 
in the nasal mucus from cases of Indian kala-azar. In a certain 
proportion of advanced cases viable jiarasites are also excrc'ted in the 
urine. 

That kala-azar may occasionally be a congenital injection has 
been shown by Carmichael Low and Cooke (1926), who proved that 
the disease developed in a child seven months old, born in England 
of a mother who suffered severely from kala-azar during pregnancy, 
but it has be(m pointed out by Forkru'r that infection of the child from 
the nasal mucus of its mother might be a possibles explanation. 

Predisposing causes. — Kala-azar attacks both sexes and all 
ages, but shows a, pr(‘dilection for the recently arrived immigrant in 
preference to the residents of the endemic district. In the Mediter- 
ranean basin it occurs almost, though not quite, exclusively in children 
(five months and upwards) : in India it occurs at any age. 

Pathology. — The spleen is greatly enlarged, and the thickened 
capsule may show signs of perisplenitis. The trabeculaB are enlarged ; 
the pulp is increased in bulk and full of blood. A section or smear 



KALA-AZAR : SYMPTOMS 


183 


preparation, a])propriately stained, will 
show prodigious growth in the large 
mononuclear cells. The liver also is 
generally much enlarged, and is brown 
or mottled on section. The parasites 
are in great abundance, occupying large 
mononuclear cells, attached or free, in 
the dilated hepatic and portal capilla- 
ries throughout the reticulo-endothelial 
system, ('hristophers has shown that 
])rimarily th(^ parasitc^s are engulfed in 
macrophag(5 cells of the blood-vessels, 
while Hu and Cash have shown that 
in artiticially infected animals a tru(‘ 
blocking of the (‘iidothelial system 
takes place. There iriay be some 
cirrhotic chang(‘s, but the hepatic cells, 
though atrophii'd and perhaps fatty, 
never contain parasit(‘s. The bone- 
marrow is similarly packed witli 
parasite-lad('n cells. Intestinal ulcera- 
tion is very common, and parasites 
may be found in the walls of the ulcers, 
as well as in skin ulcerations and in 
the lym})hatic glands. Occasionally 
th(‘V are found in connection with the 
blood-\ essels in the kidneys, but never 
in the epithelium of the standing 
tubules. Short t and others have suc- 
ceeded in cultivating the parasite* from 
the urine in three cases. 

The distribution in the body has 
)>een explained by Lav(‘ran on the 
assumj)tion that the parasites are taken 
up by the ('iidothelial cells, when they 
multiply till the cell ruptures and 
the organisms esca})e into the blood. 

Symptoms. — The incubaiion 
period is dillicult to fix. In the ease 
of one Englishman uiuU'r Manson’s 
care, the time that (‘Iaj)sed from his 
arrival in perfect health in the endemic 
region and t he onset of tlu* fever which 
terminated in kala-azar (diagnosed 
microscopically both before and after- 
death) was under toji days. Jxirk, on the 
other hand, from accurate observations 



Chart 6.— Four-hourly chart of kala-azar, illustrating the “double rise ’ in the twenty-four hours. {Orig.) 
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in the Sudan, fixes the period between three and six months. 
In a proportion of instances, as in some artificiallv-infected dogs, the 
disease, like dermal leishmaniasis, may remain latcmt for months. 
In advanced cases in man the parasites may disapp(‘ar from the tissues 
before death. 

The onset of the disease may bo either gradual or sudden ; in the 
former instance it cannot bo diagnosed at all on clinical grounds. In 
the latter there is usually high fever, which may bo preceded by rigor 
and, in some cases, by vomiting. The initial fever — intermittent in 
some instances, more frequently remittent, often with a double re- 



Chart 7. — Temperature chart of acute kaia-azar, showing ‘'double crisis.” 

{Dr. G. Carmichael Low.) 


mission in the twenty-four hours, r(^sem])ling that of subtertian malaria 
— may be very severe (Charts fi, 7). It lasts from two to six weeks, 
occasionally longer. Waves of fever separated ])y a])yrexial p('riods 
may often simulate undulant fever, and during the pyri^xial })eriods 
both the liver and the spleen enlarge. There may l)e daily rigors, so 
that malaria may be suspected. A four-hourly t(anperature chart in 
a well-marked case may show a double or even a triple rise of fever. 

The spleen is usually enlarged from the commencement of the 
illness, whilst the liver does not become apj)r(H*iably l)igger till the 
disease has lasted some rnontlis. In China, and in Brazil, «i uniform 
painless enlargement of the cervical lymph-glands has been observed. 

Then comes a period of apyrexia and general improvement, to be 
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followed once more by fever and splenic arid hepatic enlarjj^einent, and 
perhaps tend(jniess. In women amenorrlima is often an early symptom. 
In this w^ay spells of fever and apyrexia recur for months, absolutely 
unclundved by quinine, until finally a low^ form of fever, rarely over 
102° F., becomes more or less persistent. Profuse sweats are common 
during remissions at all stag(‘S of the f<‘ver ; 


rigors occur excHqitionally. l^ains in the limbs 
often sugg(‘st rbeumatism. When the disease' 
is thoroughly (*stablished, emaciation and 
aiuemia become notic(*able, and, together \vith 
th(i enlargeuiamt of the live'r and spleen, cause 
the patient to pre'se'iit a typical appearance*. 
(Eelema of the b*gs, some‘time‘S cire*umscril)e'ei 
(eele‘mas, e)r e'ven ascitos may now be^ pre'senl. 
In many cases the skin acquire*s a strange 
e'art by-grey cedour ; this dusky j)igmentatie)n, 
wbicli has given rise to tliej native* name, kala- 
[izar, “ the black dise*ase,” is be\st seen on the 
fe*et, hands and abdome'ii in Kurope*ans, though 
V(‘ry elifhcult te) elistinguish in elark-skinned 
natives. The liair is apt to be‘ce)me elull, dry, 
and brittle, and may fall out ; ])e*te‘e-hia‘, in 
the* axilla* espe'cially, are not unusual ; e[)istaxis 
and ble‘(‘ding from the* gums are* common. This 
condition of chronic f(*ver, e*nlargement'of spleeui 
anel liver, emaedation, and aneemia (Fig. 24) 
may cemtinue for months, or even one or two 
years, until improvement sets in, or more 
usually — % }K*r ce*nt. e)f case*s (Pe)gers), 150 
recoveries in 2, ()()() cases (Price), 24 in 100 
cases (Lignos) — until the patient is cut otT by 
an intercurre*nt disease, especially dysentery 
(90 })er cent.). Broc lias peanted out that 
marked enlargement of the spleen is not 
necessarily an outstanding feature, and the 



Tlditor has e\ en watched the development of 
typical kala-azar in patients in whom enlarge- 
ment of tht! liv(*r was at tirst tin* only sign. 

The outstanding clinical feature is that, 


Fig. 24. Kala-arar in 
Indian boy. {Dr. L. E. 
Eapicr.) 


in Spite of the })atient’s w(‘ak and emaciated condition, the pyrexia, 
and the protuberant abdomen due to splenic enlargement, he juvsi'rves 
a good ajipetite and a clean tongue, while with a temperature of 102° F. 
he may be working (juite unaware that he has f(‘V(‘r (Fig. 24). 
Then^ is an absi'iice of malaise and apathy. In this respect kala- 
azar differs from malaria and other toxic fevers, such as typhoid; 
Kala-azar usually lasts several years, but the Sudan cases, especially, 
may run an acute course, the disease lasting about live months. 
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The number of red corpuscles is not infrequently over 4,000,000, 
and, as a rule, over 2,500,000 even in advanced cases. 

The most remarkable change seen in the blood is the great and 
constant reduction in the number of leucocytes (lencopenia). Inst(*ad 
of there being 1 white to about 625 red, as in a normal subject, tlie 
proportion is commonly from 1 : 2000 to 1 : 4000, and may be lower 
still. The reduction is most marked in the ])olyinorphonuclears ; ilu' 
lymphocytes and large mononuclear leucocytes, altliough greaily 
reduced in number, usually show a relatively increas(‘d ])ercentage, 
and it is this reduction of the leucocytes to 3000 or e\ (‘n 1000 per cu. 
mm. which renders these patients specially liable to pneumonia and 
septic infections. The condition known as acute (Kjramdociftosis is 
produced in some cases, as described by ForkiK'r and Zia in China, 
Shortt and Swaminath in India and by Critti in Italy. The ])loo(l- 
pressure is generally low, the systolic reading being below 100 mm. of 
mercury. Hajinic murmurs of the heart are noted. bia'inorrhagi'S mav 
occur from any part of the body, and pur])uric j)atclies may appear 
on the skin after local injury. Deatli may ensiu? from sev(*ral causes. 
When due to the disease alone it results from exhaustion. Dysenteric 
symptoms are frequent, and may be du(‘ to intestinal lesions caustal 
by Leishman-Donovaii bodies, or to a superaddiKl inh^ction Avith 
amoebic or bacillary dysentery. Broncho-pneumonia and cancrum oris 
are frequent terminal symptoms. Proctor, howiwer, r(q)orts that tla^ 
latter complication can be arrested in the early stag(‘S Ijy scrupulous 
daily inspection of the mouth. Should a grey line of ulc(*ration on the; 
gums be seen, it should be (‘iiergetically treated Avith carbolic acid and 
spirit. It may be that this gangrenous })rocess is not so much duo to 
the kala-azar as to the leucopenia which accompanies it, and it has a 
striking analogy in the angina which is so cbaracttTistic of agranulo- 
cytosis. 

Infantile kala-azar. The symptoms of the infantile form are, on 
the whole, similar to those of the adult type and differ only to tlui 
extent that might be expected in a disease occurring in very young 
children. The onset is usually insidious, with some fever and 
gastro-intestinal upset. The spleen enlarges and the child becomes 
apathetic and anaBinic and emaciated. Irregular attacks of fever 
occur and the child often suffers from epistaxis, bleeding from the 
gums, and haemorrhages into the skin. The lymphatic glands are 
usually enlarged. 

Dermal leishynanoid. — A cutaneous form of leishmaniasis, in Avliicii 
the parasites occur in nodules of the skin, was a})parently first reported 
by Thomson and Balfour in the Sudan in 1909 and has since been 
observed in the Blue Nile (Kassala) districts. It Avas recognized by 
Brahmachari in India and described under the name of dermal 
leishmanoid, or post-kala-azar leishmaniasis. It is certainly a sequel 
to generalized infection Avith L. donovani, as more than half the patients 
who exhibit this curious eruption have suffered from kala-azar about 
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ono y(*ar previously, and have received antimony treatment for this 
dis(‘ase. Tlie Tjeishmania an^ found in smears from the nodules, and 
cultun‘s have l)(‘(‘n obtained from the lesions. Tt is not at all clear at 
})reseid what tlu‘ si^niticaiua* of this phenomenon is, or what factor 
causes t h(‘ orf/aiiisms to establish th(‘mselv(‘s in the skin. This condition 
occurs in all classes of th(* community and in persons of all ages and both 
sex(‘s. Though not all give a history of having suffered from kala-azar, 
it is generally conced(*d that leishmanoid is a sequela of generalized 
leish mania infection, and the dermal lesions usually make their appear- 
ance from one to two years after all signs of visceral infection have 
disa])peared. The xanthoma stage would appear to be the final outcome 
of the condition, hut it is randy seen, and then in cases giving a history 
lasting l()~d() years. 

The first or depigmented stage usually appears as depigmented 
jtatclies on th(‘ face and upper extremities, gradually spreading to the 
remainder of th(‘ body. Minute dots gradually enlarge till they 
Ix'coiiK* irrogular areas half an inch in diamcder, which occasionally 
t(*nd to break down. Tlien' is fouiid (edema of the sub|)a])illary tissues 
acconijianied by dilatation of tin* \a\ss(‘ls. Below* this there is infiltra 
tion by inacropbag(‘s in the r(‘gion of the subpapillary pl(‘xus. The 
second, or nodular stage, is s(‘en about two yc'ars after kala-azar 
ln*atni(‘nt. I'Sually the nodul(‘s r(‘j)lace the d(q)igmented patches, but 
there are ciTtain areas, such as the face, wduTe the nodult‘S appear 
much (‘arlier than in oth(*r })arts of the body. Tin* nodular lesions may 
(‘xt(‘nd to the mucous membranes and may closely resemble leprosy. 
Th(‘ epitladium is thin and the subpapillary layer is (edtanatous, wdth 
atrophy of th«‘ fibrous and (dastic tissue. Subjacaait to this oedematous 
ar(‘a is a graiiulomatous mass consisting of proliferating macrophages, 
ddu're is ail xanthomatous form, knowii as Xanthoma type, 
which is (juit(‘ unmistakable, and in which th(‘ parasites have been 
found in the p(‘ri})b('ral blood in tw'o cases (Fig. ‘i-V). The lesions 
are rais(‘d, orange-coloured j)laqu(‘S which are painl(‘ss and do not 
ulcerate. 

Bicdiminary tn'atment with massive doses of ])otassiuin iodide 
cause the nodules to ulcerate and they become susceptible to intravenous 
injection of aminostiburea (.s‘cc j). 194) of which a total of 

5 grm. is necessary (Napier). Some cases are, however, entirely 
resistant to it. Inunction with nuTallic antimony is said to assist 
( Brahma chari). 

Eifc lesions - \i. I'b A\Tight has shown that e^^e lesions in kala-azar, 
as in malaria, an' due to retinal hamiorrhages in the posterior segment 
of the eye. 

Diagnosis of kala-azar. — Irregular chronic fever with enlarge- 
ment of the spleen and a diminution in the number of leucocytes in 
jiatients from the endemic zone suggests kala-azar. An examination 
of the blood can at once exclude leucocythoBinia and, if taken together 
with absence of tertian or quartan periodicity and the inefficacy of 
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quiuijio, malaria. Differential diagnosis from lyplioid and malignant 
endocarditis and Egyptian splenomegaly {BWiarda viansoiri) should 
present no special difficulties, but that between trypanosomiasis and 
kala-azar may be difficult, and unless their respective are 

detected a positive diagnosis is impossible, although geographical con- 
siderations, the rash, and lymphatic enlargements may assist. 



Fij;. 25. — Dermal leishmanoid. Extensive nodular lesions on face. 

{Acton and Kuja'cr, Ind. Jl. Med. Bcs.) 

Splenic punoivre must not be lightly undertaken. A preliminary examina- 
tion of the blood should always be made, not only with a view to aseertaining 
the presence of the leishman body, but to exclude: haicocy tlnemia and obviate 
the necessity for splenic puncture, and the attendant risk of fatal ha?niorrhage 
so easily induced in that dist>ase. When the liver is enlarged, it should be 
selected, as a less vascular organ and less easily torn, for puncture, but, as 
a general rule, the parasites are not so abundant in this organ as in the spleen. 
In performing puncture, the abdomen had better be fixed firmly with a 
binder to prevent, as far as j)ossible, movement of the diaphragm and con- 
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sequent risk of tearing tlie })unctured organ. The patient should be injected 
with 1 atropine oiu^ liour f)reviouHly, anrl the puncture site infiltrated 

with novocain to dc^aden pain. The administration of 30 gr. of calcium 
lactate the evening hofhrv and on the morning of the fuincture, and the 
fixation of the lower border of the spl(*en are advocated. A hypodermic 
ne(Hll(‘, scru])ulous]y cl(uin and dry,* and connected with the barrel of the 
syringe by a short length of rubber tubing, should be used, the patient being 
direi*t(‘d not to start or breathe when the }>uncture is being made. Tlui type 
of ruHslle is most inq)ortant. The* bore should be neither too big nor too 
small. The f](litor has found Maw’s size Xo. K), with a shaft 40 mm. in 
length, the most suitabks and Napier has devised a special spleen-puncture 
syringe (f’ig. 2fi). Failure to draw blood is not to be regarded as failure to 
obtain material for microsco[)ical examination ; on the? contrary, it is an 
advantage, as the object is to procure spleen or liver pulf), not blood. .After 





26.— Spleen puncturing syringe. {After Dr. L. E. Xapier.) 

the cont(‘nts of tlie iKaalh^ have been blown out on a slide, it may be trails- 
illuminated by an electric pocket -torch to discover the minute sago-like 
masses of spk'uic tissue. A film shoidd then be spread and, after it has 
dried, stairual by Leishman’s or (liemsa’s method, and then examined with a 
iV. in. objective. Th(‘ ])arasite is easily recognized by its size, shape, and two 
chromatin masses. 4’he recent discovery of leishman bodies in the sub- 
cutaneous tissues sugg(‘sts that removal of a piece of skin may be a siife and 
rapid method of forming a diagnosis in kala-azar, as well as in the allied 
eond i tion , leishmanoid . 

(liraud and (laubert point out the dangers of spleen jiuncture, especially 
in the case of infants. A child of six died from intrajx‘ritoneal haunorrhage 
from a laceration, 3 mm. in length, of the spleen cajisule. 

Napier has now (193()) reported the results of 5,000 splenic punctures 
without a death. He gives 30 gr. of calcium lactate the night before, a 
second dose in the moniing, and a third immediately after the puncture. 
The patient is confined to bed for the whole day, and is given a cup of tea 

^ The presence of a trace of water in the needle will distort or burst the parasite and render 
it unrecognizable. 
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at 6 a.m., but no food until one hour after the operation, usually at 11 a.ni. 
A light binder is tightly applied round the abdomen. The operator sits on 
the bed on the left of the patient, facing him. The advantage of the sphnui* 
puncture syringe is that it can be used with one hand, leaving the other free* 
to locate the spleen (Fig. 26). 

Sternal puncture , — Lovando states that in Atlunis sternal puncture is 
simpler, safer and surer as a method of diagnosis than spleen puncture, and 
Giraud considers tibial puncture, which can be carried out without a local 
anaesthetic, the method of election in the case of young children. The poirit 
selected is the outer face of the tibial epiphysis, 1 cm. below the knee-joint. 
A fine trocar and cannula is passed till entry into the spongy tissue is felt 
by the sudden loss of resistance. 

Chung (1938) states that he has used sternal puncture as a means of 
diagnosis in Peiping for the last two years and is convinced that it is tlu; 
best method of diagnosing kala-azar in hospitals and rural stations. A local 
anaesthetic is seldom necessary, save for nervous individuals, and a shortened 
lumbar-puncture needle can be employed. It is inserted in the mid-line at 
an angle of 30 or 40 degrees at the level of the upper half of the second or 
third interspace. The needle, with contained stylet, is pushed with a boring 
action through the bony lamina. When the marrow (‘avitv is reach(‘d, the 
stylet is removed and a syringe for aspiration attached to the needle. 

D’Oelsnitz finds that the most reliable indication of the early stage of 
infection is the discovery of the parasite by sternal puncture and tlu‘ 
increased density of the serum under the influtMice of the organic antimony 
compounds, as judged by jjhotometric nu'thods. Tlu* actual procedure is 
to add to a 1 : KHX) dilution of serum a 1 ; 1(X) solution of urea stibamine. 
A density of 0 to 4 for normal individuals is rc})lac(‘d by oiu* of S to 30 for 
kala-azar cases. 

The frequency with which this parasite appears in the blood has 
been a matter of tnuch discussion. Undoubtedly, in some places, as 
in Madras and Assam, it occurs in about 60 per cent, of all cases 
examined, and therefore the diagnosis may be made by simple blood 
examination ; but this is by no means the case in other parts of the 
world. 

Knowles and Das Gupta emj)loyt‘d thick films ])r('pared by ])lacing four 
drops of blood on a clean slide, mixed so as to cover an area of f sq. in. The 
film is covered with a Petri dish, and dried at 37^’ C!. for two hours. It is then 
flooded with glacial acetic acid (2* 5-per-cent.) 4 parts, crystalline tartaric 
acid (2-per-cent.) 1 part. The action should be complete in five to ten 
minutes. After tilting off the fluid, the film should be fixed with methyl 
alcohol and stained with dilute Giemsa. By this method the parasites may 
be found, enclosed in leucocytes, in 67 per cent, of kala-azar cases. 

A less elaborate technique is employed by Shortt and his colleagues. 
A small drop of blood is placed at one end of a slide and a second one applied 
in the usual manner and pushed till the blood is almost exhausted. At 
this point it is abruptly lifted off, with the result that the blood-smear ends 
in a straight edge which is somewhat thicker than the rest of the smear, 
and in this the parasites can be demonstrated within the leucocytes. 

By centrifuging 5 c.c. of blood diluted in Locke’s solution (modified) 
(sodium chloride 9 grm., potassium chloride 0*4 grm., calcium chloride 
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02 grin., sodium citrate 10 grm., distilled water 1,000 c.c.), at a speed of 
750 revolutions. Young and van Sant state that parasites are readily dis- 
(^overed in films made from the bottom of the centrifuge-tube. It is stated 
that the parasites appear in the blood-stream after injection of 10-20 min. 
of a 1 : 1000 solution of adrenalin. Chopra has found that intravenous 
injection of pen ta valent antimony preparations cause a rhythmical contraction 
of the spleen and the appearance of the parasite in the peripheral blood. 
According to Wenyon and others, the presence of the parasite in the peripheral 
blood can best be demonstrated by blood- culture. For this purpose 2 c.c. 
of blood should be drawn off by means of a 2-c.c. Record syringe and mixed 
with 1 c.c. of 6-per-cent, citrate solution in a sterile tube, which should be 
placed in a cool incubator and allowed to sediment for two hours. The 
deposit at the bottom of the citrate solution is then drawn up by means of 
a pipette, inoculated into two or more tubes of N.N.N. medium, and again 
])laced in a cool incubator. Examination of the cultures should be made 
about the tenth day, when flagellate forms may be observed, but it is not 
w'is(‘ to discard the tube as negative until at least twenty days of incubation 
have elapsed. Spleen f)ulp may also be cultured in the same manner. 

BiorJicinical reactions . — There appears to be little evidence for 
the statement that the serum of kala-azar cases gives a positive 
Wasserniann reaction. The alkalinity of the blood is said to be 
decreased, wliile in some cases the coagulation-time is very considerably 
])rolonged. 

Aldehyde tcM (or the serum -formalin reaction) (Napier ). — This test has 
proved to be very useful as a method of diagnosing kala-azar on a large 
scale among gangs of coolies where systematic splenic puncture is obviously 
impracticable. For this purpose about 5 c.c. of blood is withdrawal from 
a vein and allowed to stand a sufficient time for the serum to separate ; 

I (t.c. of dear vserum is then placed in a test-tube (3 by \ in.), and to this 
1 drop of 30- per- cent, formaldehyde, or commercial formalin, is added. 
3'he scu’uni is at once well shaken and placed in a test-tube rack at room- 
temperature. In a certain proportion of cases of kala-azar, especially in 
chronic cases, solidification of the serum takes place within a space of three to 
twenty minutes, but a control of normal serum should always be made. 
Napier himself states that “ jellification ” w'ith opacit}^ (like the wdiite of an 
egg) of the .serum may be taken as diagnostic of kala-azar if the disease is of 
three or four months' standing, but milkiness of the serum without solidifica- 
tion only takes j)lace in (‘arly cases of the infection. Should the serum be 
haemoglobin-stained, this will change to chocolate -brown after tw^enty-four 
hours. In certain cases of syphilis, leprosy, phthisis, and malaria the serum 
w ill solidify, but remains clear and does not become opalescent as in kala-azar. 
The reaction, which occurs in twenty minutes, is given as + + + ; after 
two hours as -] | , and after twenty-four hours as f . 

In kala-azar it has been proved that the plasma globulins are increased, 
while the albumins are diminished. In kala-azar, the albumins are 2*8 ; the 
globulins 4 0, as compared to 4*5 and 2 0 per cent, respectively in the normal. 
Lloyd and Powell have constructed a typical globulin curve of kala-azar in 
which euglobulin constitutes 40-50 per cent, of the total globulin. Auto- 
agglutination of the red blood- corpuscles is often noted as in trypanosomiasis, 
more especially in advanced cases. 
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Antimony test . — Chopra has pointed out, and Napior has confirmed, tlie 
curious fact that the addition of a 4-per-cent, solution of pcntavalent antimony 
compounds to kala-azar serum causes a heavy jirccipitate, the amount oi 
which corresponds to the efticacy of that compound in tlie treatment of 
the disease. 

The metliod is as follows : One to two drops of blood from the pricked 
finger are allowed to flow into a Dreyer’s tube in which has been placiul 0- 25 c.c. 
of a 2-pcr-cent. potassium acetate solution. The tube is then inverted to 
mix the contents ; a little of this mixture is translerrcd to another tube, 
and a 4-per-cent, solution of the antimony coinjiound (Stibur(*a, for example) 
is added by means of a capillary pijiette and allowed to ]>ercolate along the 
wall, so that it comes to lie below' the blood mixture. In a jxisitive east* a 
flocculent precipitate forms at the junction. In very early (;ases it may not 
appear for ]()-15 minutes: in more advanced ones it is immediate'. The 
character of the precipitate is important in kala-azar : it is so fioeculent that 
it is not easily broken up by shaking and it dot‘S not disappear in twenty-four 
hours. 

In cases of doubt it is a good procetlure to dilute the serum w ith 10 volunu‘S 
of distilled water and to rep(?at the test. It is necessary that alcohol should 
not be used for cleansing the finger. Andre (1932) claims that the results 
are improved by reading the opalescence produced in kala-azar serum by 
urea stibarnine by means of the “ V^ernes-Jfricq-Yvon ” f)hotometer. 

Napier has stated that the aldeh^'dc and antimony tests an^ almost of 
ecpial value. Out of 201 cases of kala-azar diagnosed by discovcTy of the 
parasite, 156 gave a positive antimony test, and 128 the aldehyde t('st. 

(Jaminopetros’ test consists of adding the scTum to be t<‘stcd, drop by 
drop, to a 2-])(T-cent. solution of sul])hur in distill(‘d water, w hen a turbidity 
develojis which persists. 

In the Chinese form of the disease, in which enlargement of the 
lymphatic glands occurs, diagnosis may be made by gland pimcturo 
or excision. 

Tlie differential diagnosis has to Ix^ madi^ from splenic 
anaemia, Ihinti’s disease, and Egyptian spltaiomegaly {Bilharzia 
mansoni)^ which, save for the absence of the parasite and the charac- 
teristic pyrexia, may closely simulate kala-azar. Visceral syphilis with 
enlargement of liver and spleen may have to be excluded. Tlie same 
may be said of malignant disease and tuberculosis of tlie S])leeii. In 
China and Japan kala-azar may have to lie differentiated from intestinal 
bilharziasis (Z^tZ/mmajuponica), in which enlargement of the abdominal 
organs may occur. The remarkably clean tongue and the good appetite 
serve in some measure to differentiate kala-azar from chronic malaria, to 
which may be added the considerable emaciation, t he absence of extreme 
anaemia, the double daily rise of temperature (in 88 per cent, of cases), 
pistension of the superficial abdominal veins, and pigmentation of 
the extremities. 


Thkatment 

Antimony treatment.-— l^Torn 1912 onwards it has been known that in 
antimony and its compounds we possess a sjiecific for the treatmiMit of kala- 
azar. At first intravenous antimony tartrate (sodium-antimony tartrate) or 
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lusH (;()iiirn()nly, jiotaHMiuiii antimony tartrate, was employed by the method 
introdueed b}' Vianna in Brazil for dermal leishmaniasis. The results achieved 
in India by Kog(;rs, Mackie and others were very encouraging, and sub- 
sequently led to the development of more highly organized conqK)unds of 
antimony, such as the jam ta valent salts. 

Tlio reaction of a kala-azar [)atient t(j antiiiioiiy treatment can be 
assessed in various ways ; for instance, in the improvement in the 
clinical condition, the increase in body-weight, the shrinkage in size (;!' 
lh(i spleen and of the liver, and tlie increase of the kaieoblastic response. 
The relative proportion of serum globulin can be gauged by the 
aldehyde test, wliich is positive so long as tlie parasites remain active 
in the body and, moreover, ])ersists for a period of two to three months 
after the patient has, to all external appearances, completely recovered. 
Ijloyd and his collaborators have suggested that the serum-protein 
graph ot‘ kala-azar can be used as a serological test of the progress of 
tlie jiatient, just as tlie Wassermann reaction is employed in syphilis. 

i'iven in cases reacting favourably to treatment, it is stated that 
apparently unchanged and viable parasites may be found in the spleen 
even after a gramme or more of antimony prejiarations have been 
injected. By the time the spleen has retracted within the costal 
margin, the ijeisliman- 1 >onovan bodies have disappeared altogether. 

I. Treatment with pentavalent compounds of antimony. - 

(a) Stibacetin (acetyl -yi-aminopheiiyl stibiate of sodium) was originally prepared 
by the firm of von Heyden. This preparation was first used by Caronia in 
8icily for the treatment of infantile kala-azar, and was afterwards used by 
the Editor in England. It has now been superseded by more compficated 
products. 

{b) Stibosan (metachlor-para-acetylaminophenyl stibiate of sodium) 
(Bayer ; Meister-Lucius) was formerly known as von Heyden 471, and has 
been most extensively em])loved. The initial dose is 01 gnu. (IJ gr.), but 
for robust individuals it may be as high as 0-2 grm. (3 gr.). The drug is 
obtainable in sealed ampoules containing O-2-0-3 grm. each. The contents 
(a tlocculent powder) are dissolved in a small quantity of freshly-distilled 
sterile water and can be given in a 5-per-eent. solution. Thus for 0 05 grm., 

1 c.c. of fluid will be required ; for 0*1 grm. 2 c.e., and so on. For general 
use, however, it is safe to dissolve the drug in 10 c.c. of distilled water. The 
maximum individual dosage for an average person is 0-3 grm. (4?, gr.) ; in 
resistant cases 0 0 grm. (9 gr.) may be tolerated and is often successful where 
smaller doses fail. In weak patients the initial dose should be 0 05 grm. 
(i gr.), the maximum, 0*25 grm. (3J gr.). The injections may be given 
twice or three times weekly, and the number required to effect a cure will 
vary from 11 to 15. The requisite amount of stibosan is about 3 grm. for 
an adult weighing 100 lb., or about 5 grm. for an average European. Usually 
a case of average severity requires 7-5 grm., but, exceptional!}’, 15 or more 
grm. may bo required. Children tolerate relatively large doses of the drug. 
At three years of age the maximum dose is 0- 1 grm., the initial dose 
being 0-025 grm. increasing to 0-05, 0-075, and from twelve onwards 
0-25 grm. In children between one and two years of age intramuscular 
injections up to 0-1 grm. can be given without causing more than 
13 
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slight local pain. The presence of ascites is a contraindication to the use 
of the drug, but pulmonary complications, albuminuria and diarrlima are not. 
Should jaundice occur, the injections should be discontinued. The advantage 
of stibosan is the diminished toxicity and rapidity of action as compared with 
tartar emetic. Severe reactions, fever, cough and vomiting are not usually 
encountered. The drug is stable and does not change in contact with air. 
For hospital use the drug is supplied in bottles of 10 grm. 

(c) Neostibosan (formerly known as von Heyden (>93) is the amino salt 
of para-aminophenylstibinic acid, contains 40 per cent, of metallic antimony, 
and is comparatively non-toxic, as is the preparation mentioned above. 
Batches of this dnig are found to differ considerably, and the more recent 
preparations are known as Baj^cr 693 b. It may bo given in a strength of 
25 per cent., either intravenously or intramuscularly. The doses may bo 
given daily. The initial dose for an adult is 01 grm., the se(*ond 0-2 grm., 
the third 0- 3 grm. This compound appears to be especially well tolerated. 
About ten injections are required for an average case, and a total of 2- 7-4 0 
grm. is usually necessary to effect a cure. 

It has been pointed out by Neumann that in Malta, quite apart from 
the difficulties in administration, intravenous injections of antimony in 
children are aj)t to be folio w(‘d by broncho-pneumonia, but neostibosan, when 
given intramuscularly, is almost equal to the intravenous method. A quantity 
of 2-5 grm. suffices within a period of six weeks. Since this method has been 
employed, noma has not b(*cn seen and broncho-pneumonia is less freqiKait.. 

(d) Urea stibarnme. (StihuTCix which the dosagt* and 

spacing of the injections is usually th(‘ same as for Stibosan, is a c*om{)ound 
of urea with stibamim* (p-aminopheiiylstibinic acid), and was introduced by 
Brahmachari. Tiiis compound is a])t to undergo clu'mical chang(‘s if expensed 
to the air. Urea stibamiiK; is undoubtedly a very effici(*nt pn'paration and 
often succeeds where other yH'ntavalent salts fail ; in resistant cast's it may 
be given in the form of combined trcatnu'nt. The Iklitor on st'Vt'ral ot'casions 
has st'cn a successful issue from this mcdluKl. The total amount retpiisite to 
effect a cure is about 3 grm. Tlie usual length of treatment is one month ; 
if, for som(' reason or other, an intermission in treatment takes })lace, the 
parasites tend to become antimony -fast. In 1925 J92(), out of a total of 
60,940 j)atients treated with this drug in Assam, 24,700 were dischargi'd as 
cured. Urea stibamine may be given intramuscularly to infants in doses 
from 0 01-0 ()8 grm. in 1-2 c.c. distilled water, a total of 0-65 grm. being 
necessary. 

(c) Other aniiinony compound's in use lira Ant imo.san (von Heyden 661). 
Stibamine -glucoside {Neodam) and Aminino-stiburea (Union Driig Co. of 
Calcutta). The dosage and total number of injections are a})proximateIy 
the same as already outlined for stibosan, in fact it may be said that there 
is very little to choose between the various pen ta valent comj)ounds numtioned. 

(/) Solustibomn 561 (j)enta valent antimony hexonatc) has been introdu(;(‘d 
by Kikuth and H. Schmidt, who consider it in many wa\’s sujx'rioi* to 
neostibosan in the treatment of kala-azar. It is issued in am]>oules of sterih; 
soluble isotonic neutral solution in w'ate*r so that 1 c.c. (‘ontains 20 mg. of 
antimony; thus 6 c.c. corresponds to a dose of 0*39 grm. of lujostibosan 
and contains 0126 grm. of antimony. 

Kikuth has evolved a t(;chnique by which it is possible to use leishmania- 
inlected hamsters for testing out this and other remedie^s. 4’he animala are 
injected subcutaneously twice weekly for one or two weeks, the action of the 
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drug being controlled by liver puncture, and finally by examination of the 
organs post mortcmi, for th(? })r(isenc(; or abstuice of leishmania parasites. 

Struth(‘rs and Yates have reported upon its application to man in China 
(dsinan). They employed it on the basis that 2 e.c. of solustibosan is approxi- 
mately equal to 0 1 grm. of neostibosan. The former has treated 29 and the 
latter nine eas(‘S. In some, it is said, the eourse was completed and a cure 
(dfected in nine days. This drug is usually givtm intravenously, though, 
being isotonict, it may also be inje(-ted by the intramuscular route. 

{(j) The pr(‘paration A. 534 (Tarke, Davis & ih.) is a pentavalent form of 
antimony combined with sul})liur. ddu; dost* is 0-05 -01 grm. Total dosage 
varies from 0-9 grm. to 1-45 grm. 4'his method is now' under trial. 

Toxic effects of antimony treatment. — Christopherson states 
that “ metallic taste in tlu* mouth and throat need scarcely be considered 
as poisoning, but vomiting, giddiness, delirium, a considerable rise 
or fall in ttnuperature, diarrhena, and cramp in calves should be taken 
seriousl3\ Tiny are danger signals and, when they occur, the injections 
should be tem})orarily suspended, llapid pulse, cold, clamn^v skin, 
signs of collapse, in fact, are serious s\miptoms of poisoning.” Dis- 
comfort or pain in th(‘ chest, colic, headache, severe arthritic pains in 
should(‘r and othcT joints, and even jaundice ma\' be noted 

Disagreeable symptoms are h‘ss likeh" to ensue when the pentavalent 
com]>oimds of antimony are used in preference to the trivalent. The 
dcath-rat(‘ among kala-azar patients has undoubtedH' been much 
reduced (42 ])(*r cent, in 1925, according to Napier). Jaundice is, 
peiTiaps, mon^ common in })atients treated with the pentavalent 
compounds. It is by no means certain how antimonv' destixws the 
leishmania parasites ; in viiro and also in vivo the action is certainly 
not a direct one. 

2. Original method of treatment with trivalent compounds of 
antimony. Tartar emetic (sodiuin-antimonv tartrate). For the sake of 
complet<‘iies8 it is necessarv to mention the original tartar-emetic treatment, 
aa carried out on an extensive scale in India. 

For routine use in India, tartar emetic is iisuallv made up in a 2-per-cent, 
solution, the initial dost^ being i gr., increasing gradually to a maximum 
individual dost* of 1 1 gr. (5- S c.c. of the solution). As a general rule, Europeans 
can tolerate larger doses than the Indian ; in the former the maximum 
individual dose is 21 gr. An injection mav be given every third da}^ for 
two to three months. In children and in elderly jjatients the initial dose 
must be considerably smalk'r than that for those in more robust health, and 
should not exceed J c.c. (of the 2-per-cent, solution) per 10 lb. of body-weight. 
Therefore, for children under six years of age, 1 c.c. of the solution should be 
given for the first dose, and iiureased by 1 c.c. uj) to a maximum of 3 c.c. 
Thr(‘e injections weekly can be given to a child of six numths till a total of 
4 gr. has been absorb(*d, and the injection mav hi* made into the jugular 
v(‘in, the lu'ad being allow(‘d to hang over a table in order to make the vein 
prominent. In routine treatment of kala-azar in Assiim. >h*(\)mbie Young 
gave 30 gr. of tartar emetic over a period of three numths. Bi-weekly in- 
jections are given with tabloids of the drug, which an* dissolved in water so 
as to make 100 c.c. of a 1 -])er-(‘ent. solution, of whic'h (> c.c. contain approxi- 
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mately 1 gr. According to Napier, the maximum dose of sodium- or 
potassium-antimoriy-tartrate to effect a euro, in any but a resistant case, is 
60 gr. per 100 lb. of the patient’s body-weight. In sj)it(' of the introduction 
of the penta valent compounds, there are those who still beli(*ve in tlie ethcacy 
of tartar emetic ; for instam^e, Laurinich, in Naples, has treated 844 cases 
of kala-azar within twenty years in infants aged betw een one and one and a 
half years. The injections are given twice weekly and the average number 
varies between twenty and forty. 

Intranuiscular injection of antimony tartrate produces some local reaction 
culminating in necrosis and abscess-formation. The practice has therefore 
been abandoned. 

Neoantimosav (.see p. 725), or fouadin, has also Ih^cii given b}' the intra- 
muscular route, but the curative results are by no means satisfactory. 

3. Subsidiary measures. — Various metliods have been suggested 
with the object of increasing the leucocyte count and in this mailing 
aiding drug treatment. Muir has advocated tur])entine, and advised 
the injection of a mixture composed of turpentine 1 dr., creosote 1 dr., 
camphor 1 dr., olive oil 2J dr. Of this, 0*5 c.c. are injected intra- 
muscularly at fre(]uent intervals. A more modern jiadhod which is 
being tried out is by injection of penianurleotide as in true agranulocy- 
tosis, and Zia and Forkner have recorded recovery in four cast's treated 
in this manner. Attention must be ])aid to the aiiaunia which is 
pronounced in longstanding infections. As a rule there is a dehnitt' 
reticulocyte respojise following upon antimony treatment, but in otht'r 
cases a very definite anaania persists, but yi(*lds to doses of iron, given 
(dther in the form of scale prciparation {Ferri et (wunon. cit.) or in 
massive doses of Inland’s pills. If flatuhaice and abdominal discomforl 
are not outstanding, a full and liberal meat diet should be givi'n 
throughout the whole course of treatnaait, with th(' addition of fruit 
and vegetables. 

Finally, as adjuvants to treatment, the ('Xjiidsion of intestinal 
jiarasites, the treatment of coincident malaria by means of quiniiu', 
or atebrin, change to a healthy climate, good food, warmth, rest, 
physical comfort, and good hygienic conditions are indicated. 

Resistant cases. — liesistant cases of kala-azar are occasionally 
encountered. In these cases the parasites are so nunKU’ous that the 
antimony treatment in the therapeutic doses fails to exert its customary 
effect. In such a contingency it is necessary to jiush the antimony 
injections to the limit of tolerance — that is to say, till toxic symptoms 
due to the drug are produced — in the case of the pentavalent com- 
pounds, in doses of 0*G to 0*9 grm. Weekly intravenous injections 
of stabilarsan 0*3 grrn., or neosalvarsan, appear also to be benelicial. 

Prognosis. — Kala-azar is, in the great majority of cases, a chronic 
disease ; but acute cases are noted in the early stages of an epidemic. 
Marked intestinal disturbance indicates a bad prognosis, as does also 
('Xtreme leucopenia. The yirognosis is naturally affected by coincident 
infections such as malaria, the dysenteries and ancylostomiasis. Napier 
has pointed out that with superadded pulmonary tuberculosis it is 
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enpecially grave ; but tliere is a tendency for spontaneous cure to take 
place in about 10 per cent, of cases. The oft-repeated statement 
that owing to the introduction of the antimony treatment a 95-per-cent, 
mortality-rate has beciii converted to an equally high recovery-rate, 
is, therefore, not strictly true. 

Prophylaxis. — Having n‘gard to tie? character of the disease, 
in the endemic districts the cases should be dealt with as infectious ; 
lh(‘y should be isolated, and the houses and fomites should be dis- 
infected or burnt. Homestic and personal cleanliness is of great 
importance. Infected dogs should be destroyed ; in fact, in the 
endemic districts they should be k(*pt away from association with man. 
Hy segregation of th(> si(dv, burning of houses, clothing, and furniture, 
etc., and ])rovisi()n of new huts, ITice, Rogers, and Youiig have suc*- 
ceecb'd in exierniinating the disease in infected coolie lines. Good 
r(‘sults in proj)hylaxis have already followed the actual treatment of 
cases on a large scale. Should the sandlly prove to be the true vector, 
then energetic iii(‘asun‘s against that insect will lla^•(‘ to be instigated 
(see ]). 405). 


11. ORIENTAL SORE 

Synonyms. Tropical Sore; Loiiton d'Orient ; Delhi Boil: 
('utaneous Leishmaniasis : Bout(jn de Biskra ; Bouton de Ibigdad ; 
Ak‘])po Boil ; Salek (Iran), (dc. 

Definition. — A s])t^citic ulcerating granuloma of the skin, endemic- 
within certain limited areas in many warm countries. It is caused 
l)y a s})ecies of Lvislnnania, and is charactcrizial by an initial papule 
whi(‘h, after scaling and crusting over, generally breaks down into a 
slowly t'xtending and very indolent ulcer. Healing after many months, 
it knaves a de])ressed scar, d'he sore is inoculable and, usually, pro- 
tective against recurrence. 

History. — in 1S85 Lunningham tirst described certain deeply-staining 
])arasitic bodit's in mononuclear cndls derived from the.S(* sores. Hoart' has 
fjointed out that it was Borovsky (189S), a inilitiiry surgeon stationed at Tash- 
kent, who first accuraUdy described Leifilmuinia iropivay and later (1902) 
Shulgin concluded that some night-biting insect was the intermediary host. 
.1. H. Wright, in 1903, was ignorant of Borovsky’s work, but he renamed the 
bodies lldcosowa Iropicinn. Tliese observations have been abundantly con- 
lirmed, and the parasiU' is regarded as identical with the Leishman-Donovan 
body, and is known as Ldshmauia tropica. In 1 907 iVlarzinowsky inoculated 
himself in Moscow with material obtained in the Gancasus, and reproduced a 
typical son' on his* forearm. 

Geographical and seasonal distribution. — Oriental sore 
occurs in Italy, wlicrc' Vanni (1938) has recorded 800 cases in Ahruzzi ; 
Morocco ; the Saliara (Biskra, Gafsa) ; Egypt (Zagazig, in the Nile 
Delta) ; Crete ; Gyprus ; Sicily ; Asia Minor ; Syria (Aleppo) ; 
Lalestine (Jericho) ; the Sudan ; Nigeria ; Iraq (Bagdad) ; Arabia ; 
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Iran ; the Caucasus ; India (Lahore, Multan, Dellii, Dera-Isinail-Kan, 
etc.) ; tlie Transcaspian Provinces ; Turkestan (Tashkent and Bok- 
hara) ; China, osp(H*ially in Hunan. In South and Cknitral America, it 
is often, but not iin ariably, found in association with naso-pharynjj^oal 
leishmaniasis, especially in Peru, Bolivia, Brazil, the Guianas, and 
Mexico (Map III). In Australia it occurs in North Queensland. 

In the tropics this form of ulceration is es])ecially ])revalent about 
the commencement of the cool season ; in more tenpxTate climat(‘s, 
towards the end of summer or beginning of autumn. Years of 
prevalence may be succeeded by years of comparative rarity- possibly 
in harmony with altered sanitary conditions. In Dellii, for example, 
in 1864, from 40 to 70 per cent, of the resident Europeans were affected 
with the local sore ; on certain sanitary im|)rovements being effected, 
the frequency of the disease was immediately materially reduced. 

Epidemiology and endemiology. — Although oriental sore may 
occur in countries where kala-azar is endemic, its distribution is as 
a rule quite distinct {see ]\Iap HI). It has been pointed out that in 
India cutaneous leishmaniasis is confined to the west, wliereas kala-azar 
is endemic on the east coast. In Nortli Africa oriental sore* o(‘curs 
north of latitude 80°, whereas kala-azar is found south of this line. 
In Iran and Iraq, where oriental sore is vt.Ty common, cas(*s of kala- 
azar are absent. Central Asia is an exception, for according to 
G(TSchenowitsch, they are found side by side, even in a single family, 
and both diseases have been seen in the same patient. Apparently 
also recovery from cutaneous infection does not necessarily protect 
against subsequent infection b}^ the kala-azar parasite. 

in the endemic areas, oriental sore a})])t‘ars to have a seasonal 
[♦reference, making its a})f)earance between 8(*[)tenjber and January ; 
in cities like Aleppo and ilagdad, where the disease^ is very common, 
cliildren usually acquire it between 2 and 8 years of age, and it a])[)ears 
to be quite exca.qhional for any native to attain maturity without 
having had one or more of thes(} sores. In fact, it inay be said that 
every woman in Bagdad bears on her face marks of the ravages of 
this disease. 

Oriental sore occurs as a natural disease in dogs and cats. The 
organism has been demonstrated in cutaneous sores on the ears, lips, 
nose and inner canthus of the ey(.‘ of tht^se animals in Teheran, Tashkent, 
Iraq (where it is onJy seen duriiig the winter months) (Machattie, 
Mills and Chadwick), and recently in South Aiiierica and India ; while 
Sinton has shown that the leishmania sores occurring in the noses of 
dogs in India are transmissible to man. Meieaca monkeys are easily 
inoculated and may act as reservoirs of infection. Oriental sore has 
been found as a natural infection of the brown bear in Turk(\stan, 
and also on the nose of a horse by Bennett in Kordofan, Sudan. An 
allied form (L. niyoxi) occurs in the dormouse. 

Etiology. — Section of the papule displays an infiltration of the 
derma by a mass of small round granulation cells. These lie between 
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the? normal elements of the tissue, j)artieularly about blood-vessels, 
lympbatics, and sweat-glands ; towards the centre of the lesion they 
(•onif)letely replace the normal structures. The parasites are found 
in the granulation tissue at the edge of tlu^ lesion, and may Ije demon- 
strated in scrapings ; care iinist be taken to avoid obtaining too much 
blood. The ])arasites {LcisluiKniid iro'piva) sometina^s occur in rosettes 
or aggregated mass(‘s of as many as a hundred individuals and are 
oft(‘ri en(‘los(‘d in macroj)bage cells or in leucocytes ; giant cells are 
frequently found in the deeper laycTS. 

d’lie cultivation of the parasite, hrst carri(*d out by Nicolle, is 
easily (‘ff(‘ct(Ml in tlu* N.X.N. medium in the same manner as is kaia-azar. 
The surface of a non-ulctTating sore is first painted with iodine and 
then j)unct lin'd with a tine glass pijH'tte, in order to collect material 
for iiKK'ulation. Tlx* parasites, as in the case of L. dovoram, grow 
best in the condensation water. Jn lieavy infections, tlagellates appear 
in forly-t'igbt hours, but in scanty ones not for three weeks or more. 

Tb(‘ })arasites undergo the same changes in culture as do L. dojwvant, 
but it has been n'lnarlo'd that they are able to llourish in conjunction 
with contaminating micrococci, which the juirasites of kala-azar are 
unabh* to do. Noguchi has shown that the addition of immune serum 
from an exjierimentally-inoculated rabbit causf's the organism to grow 
in clumps. 

Transmission, kqiidemiological considerations suggest that the 
infection is disseminati'd by the agency ot some small biting fly. 
Weiiyon, in 1911, first suggested the sandtiy {Pldrboiouiu,'^) as the 
possil)le ^ector in llagdad, ami he found that (> per cent, of thes»- 
inst'cts caught in Alepjio had a tiagellate of the Lcptodionas type in 
their iido'stinal canals - an »)bservation which has been confirmed in 
India and (‘Ist'wlxTte More' delinitt* evidence was brought forward by 
th(' Sergeiits, Parrot, Donatien and Meguet (19*21), who havt* described 
the production of an oritaital sore on the arm of a man in Algiers 
two and a half months after the scarilied skin liad been treated with 
a saline susjieiisitai of crusht'd Pldcbotomus pupatasii which had been 
collected three or four days previously. The convincing jiart of this 
('xperiment is that the sandllies were caught in Biskra, an oasis where 
ori(‘ntal sore is very common, and transported 600 kilometres to 
Algiers, wliere the disease does not occur. Of the great number 
originally caught, only seven n'lnained alive, and these were used 
for the I'xperimeiit. 

These exp(‘riincnts have been siu'ccssfully re}>eated by Adler and ThecKlor 
in Palestine with an llerpitomnmts found as a natural infection in the sanic 
species of sandtiy. In Palestine, according to the former, L. tropica lias 
adai)t(‘d itself to P. papaiasiiy and the infection is acquired usually from 
erusliing the sandfly, and thus inoculating the parasites into the skin. In 
Bagdad and in India the ])arasite is inort' completely adapted to P. aergenti 
and is transmitted by the bite of that insect. Berberian has shown that 
Stomoxys cakitrans, which is attracted to sores and readily feeds on them, is 
capable of transmitting oriental sore mechanically. 
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Monkeys and dogs have proved to be experiiiieiiially inoculahle 
while donkeys, horses, goats, and sheep are refractory. 

As a rule, second attacks do not occur. Observing this, the J(‘ws 
of Bagdad at one time practised on their young children oriental-sore 
inoculation. 

Neither race, nor sex, nor age, nor occuj)ation, nor social condition 
materially influences susceptibility. 

Relationship of kala-azar to oriental sore. Manson sug^M'sk'd that 
the relationship between oriental sore and kala-azar might be com[)ar(‘(l 
to that of vaccinia and variola. He based liis view upon the immunitv 
produced by one attack of oriental sore against further inf(‘(‘tions of the 
same disease? ; and upon the well -recognized dissimilarity in th(‘ distribution of 
these two diseases, for in India, where kala-azar is common, oriental son* is 
rare, and rice vemi. If the parasite of kala-azar is identi(*al with that of 
oriental sore (Leishmania tropica), then the parasite must in some way have 
been deprived of its virulen(‘e ; for whereuis kala-azar is often a fatal disease, 
oriental sore is eminently benign. In view of these facts, Manson sugg(‘ste(l 
that inoculation with cultures oi L. tropica might confer a prote(‘tion agai/ist 
subsequent infection with kala-azar, and that this method might bf- used 
as a prophylactic*. 

The suggestion has to a t*ertain di'gree proved true, for i\it*olIe has suf*ee(‘dc‘d 
in producing some amount of immunitv to generalized k'ishmaniasis in dogs 
and monkeys by injecting them intraperitoneally with cultures of /y. tropica. 

Kirk has, howev(*r, r(*})ork‘d the occurrence of oriental son* and kala-azar 
in the same subject from the Blue* Nile district of the* Sudan. {See ai.so j). IPS.) 

Incubation period and constitutional symptoms. Tin* 
incubation period of oriental sore is variously stated in days, weeks, 
or months. That it may be a brief one, a few days or weeks, seems 
to be established by the appearance of the sore within a short time 
of arrival in endemic districts, or after inoculation. ^J'hat it can be 
of much longer duration is equally certain. Manson savv an un- 
questionable oriental sore wliich did not appear until live* montbs 
after the patient had l)een exposed to any possibility of inf(*(*tion. 
AVenyon inoculated himself with oriental sore in Alei)j )0 ; it was not 
until six and a half months later that a leishmania-containing pajmh*. 
subsequently developing into a sore, aj)peared at the site of inoculat ion. 
In other cases the incubation period appt'ars to be as muclj as tifteen 
months, or even longer. Sometimes eruption of the sores is accom- 
panied by fever and other constitutional sjunptoms, and temperatures 
up to 103° ¥. have occasionally been noted. 

Symptoms. — The local lesion in oriental sore commenc(‘s as a 
minute itching papule which tends to expand somewhat as a shotty, 
congested infiltration of the derma. After a few days or weeks the 
surface of the papule becomes covered with fine, papery scales. At 
first these scales are dry and white ; later they are inoister, thicker, 
browner, and adherent. In this way, a crust is formed which, on 
falling off, or on being scratched off, uncovers a shallow ulcer (Fig. 27). 
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The Hore now slowly extends, discharging a scanty ichorous material ; 
this from time to time may become inspissated, and a crust forms, 
while the sore continu(‘S to spread iinderneatli. Tlie ulcer extends 
by th(* erosion of its perpendicular, sharp-cut, and jagged edge, which 
is surrounded by an areola of congestion. Subsidiary sores may 
aris<; around the ])Mrent ulcer, into wliicli they ultiinately merge. 



lag. 27. — Oriental sore. {After Weni/ofi. Photo: E. Me Kai/, 
rrpnxluccd in “ Journ. Loud. School Trap. Med.") 


Tlu‘se sores, usually about an inch in diameter, may come, in some 
instances, to occupy an area sevt'ral inches across. 

Aft(‘r a variabh' })eriod, ranging from two or three to twelve or 
even more months, healing sets in. (iraniilation is slow and frequently 
interrupted. Often it commences at the centre while the ulcer may 
be still extending at the edge ; often it is effected under a crust. 
Ultimately a depressed white or pinkish cicatrix is formed. Contraction 
of the scar may cause considerable and unsightly deformity. 
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Oriental sore may be single or multiple (Fig. t^8). Two or f.lirt'e 
sores are not uncommon ; in rare instances as many as one hundrt'd 
and lifty have boon counted on the same patient. They are mostly 
situated on uncovered parts — hands, feet, arms, legs, and, es])ecially 
in young children, on the face ; rarely on the trunk : Jiover on tlu^ 
palms, soles, or hairy scalp. Occasionally those ulcers may occur on 
the ears, tip of the nose, and lower lip. A small multiple diffuse form 
may resemble diffuse papillomata. Very rarely these sores occur on 
(he buttocks or on the perineum. Eecontly the Editor iin estigated a, 
case with Mr. P. Lockhart-I\fummery in which a diffuse indura((‘d 



fuji;. 28. — Diffuse cutaneous leishmanial lesions on arm. { After Byron Bruns,) 

swelling in the immediate vicinity of the anus was found (o be of 
this nature. 

Jn a very few instances the initial })apule does not proceed (o 
ulceration, but persists as a scaling or scabbing, non-ulcerating, 
llatteiied plaque — ^^just as sometimes happens in the case of the ])rimary 
sore of syphilis. Sometimes the ulcer is quite superficial, an erosion 
rather than an ulcer. Occasionally, from contamination with the 
virus of some other infectious acute inflammatory skin disease, the 
primary lesion may become complicated, and perhaps a source of 
serious danger. Otherwise, oriental sore is troublesome and unsightly 
rather than painful or dangerous. When ulcerated, or secondarily in- 
fected, the lymphatic glands in the immediate vicinity may be enlarged, 
and the Editor has observed multiple cystic swellings of the lymphatic 
vessels in the area of the sore which on incision exuded^steriie pus. 
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Associated subcutaneous nodules have frequently been described, 
d’lius Byron Evans (1938) in a case of extensive cutaneous leishmaniasis 
found, around the arm lesions, five separate apple-jelly-like papules. 
Otliers were associated around similar lesions on the opposite arm or 
; in siz(‘ they varied from ()*2r)--l cm. in diameter ; they were firm, 
discrete and freely movable and were not tender. On removal, tln-y 
showed chronic inflammation with fibrosis, and the presence of 
lieishman-Doiiovan liodies, suggesting a chronic lymphatic infection 
with Leishmania and denoting the spread of the infection via the 
lymphatic route. Th(‘S(^ nodules were described as early as 1847 by 
Poggioli and by Bonne (1901), also, in association with South American 
leishmaniasis by Darier, d(' Christmas, Plscomel and Werner. 


3 



\ \g. 29. Lymphatic spread of oriental sore. {Oriyinul nest.) 

I . l’t i)u!irv son’ on liiigtT ; P<Tiiii(lary (Tutorifttnn sore on wrist ; 3. in course of 

1 V 111 { thill it's. 

In Christo})lu'rson's case (1923) twenty-five vesicular lumps of 
varying sizes were noted which contained leishmania, while the Editor 
found similar swtdlings on the dorsum of the hand and over tht' 
sLihiiKMital gland in Ids case (Eig. 29). Gonzalez, Boggino and Bivarola 
liavt' also (h'scrihed a similar case in 1937. It is to be noted that a 
sharp bout of pyrexia (T. 103-104" F.) frequently pret'edes the appear- 
ance of these nodules. 

Differential diagnosis has to he made from tuberculides of the 
hypoderrn, including Bazin’s distnise. 

Verrucose Jorni . — A peculiar kind of dermal leishmaniasis has. 
under the name of parasitic granuloma, been described by Ferguson 
and Eichards as occurring in Egypt (Fig. 30). These lesions, which 
usually affect the lower extremities, resemble warty out-growths 
or pa})nle,s ; they may be solitary or multiple, and may be the result 
of auto-inoculation. They are best treated by excision. 

Lujms-like lesions . — Christopherson has <lescribed discrete lupus- 
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like nodules occurring on the cheek, in general appearance resembling 
lupus vulgaris, but containing Leisliman-Donovan bodies. A cheloid 
form has also been described. On the other hand, the Editor has 
observed tyjucal apple-jelly lupus nodules arising in the scar tissue of 
a healing leishmanial sore. Similar cases have also been recorded at 
the London Hospital. 

Generalized 7ion -ulcerating form (dermal leishmanoid) . — Bralimachari 
lias described pa])illomatous nodules occurring over the whole of the 
body, due to Leisliman-Donovan bodies, which at first were thought 
to be tulieri'ular leprosy. Four cases had lieen olista'ved in India, 



Mji:. 30. Diffuse cutaneous leishmaniasis of the leg in an Egyptian. 

{Ferguson and Richards. By jnrniissian of Liverpool School of Trap. Med.) 


all of whom had been tn?ated previously for kala-azar and had ajipar- 
ently recovered after antimony injections. Jt was originally suggested 
that these skin lesions are caused by L. donovani which lias been 
modified by antimony treatment, but this view is by no means estab- 
lished as correct. Provisionally, this form is hero (k‘scri])ed as S(‘parat(‘ 
from kala-azar. Christoph(*rs, in 1904, gavii an account of similar 
papular lesions occurring on the thighs and scrotum, arms and neck, 
in undoubted cases of kala-azar {see p. 186). 

Diagnosis.- -On clinical grounds these sores have to be dis- 
tinguished from the desert or veld sore (p. 679), tertiary syphilis, 
ulcus tropicurn, lupus vulgaris, and blastomycosis. The distribution 
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of the sores and the presence of the Leishman-Donovan body render 
the diagnosis a matter of no very great difficulty. The parasites ar(i 
best demonstrated l)y sterilizing the skin at the (‘dge of the ulcer, and 
running in a hru* glass pipette through a })uncture made in the skin, 
with the o])j(‘ct of getting bem^ath the ulcer, so as to obtain serum and 
tissue c(*lls — but not blood — if possible, free from bacterial contamina- 
tion. Tbis is a much better method than scra})ing the surface of the 
ulcer with a blunt needle or with a fine knife. The cultural method 
may also be employed. Care must }>e taken to distinguish the 
Leishman-Donovan bodies from yeasts which are sometimes })resent 
in cutaneous ulcers and may simulate them. 

Napier's aldtffiyde test, in contradistinction to kala-azar, is negative. 


1’keatment 

The treatment of orieidal sores in general, es])(T‘iaily in a temperate 
climate, does not, as a rule, entail any particular difficulties, for the 
reaction of th(‘ tissiu's to the j)articularly indob'iit ulceration depends 
to some ext('nt upon the general nutrition and environmental con- 
ditions. When once remov(‘d from the endemic area, the disease tends 
to disappear sjxnitaiK'ously in about one year. 

(ri) General measures. — When the sores are multi})le, as tlaw 
so often are, and when they are situated on the extremities, undoubtedly 
the b(‘st treatment is intravenous injections of antimony, especially 
the pentavalent compounds as already outlined (]). Itffi). Antimony 
tartrate is efficacious (sodium antimony tartrate) in 2-per-cent, solution, 
and the total amount necessary is, as a ruk\ lo gr. (I grin.). Of the 
]H'nta.valent prejiarations, Ncostibosan or Keostaifi are equally suitable 
and, wlien feasible, sliould be given intravenously in doses commencing 
with 0‘1 grin, and increasing on alternate days to 0*3 and 0*4 grin. 
Much smaller total quantities are nec(‘ssary to effect a cure than in 
kala-azar. (lenerally a total of 1-2 grin, suffices. Yigne and otlier 
trench auth(>rs recommend intravenous iodobisinutliate of quinine 
(3 c.c.) twice weekly. For woimai and children, in whom injections 
cannot be given intravenously, the intramuscular route should be 
chosen, as imaitioned on p. 194. llayniond and ('ruickshank, in an 
account of an ejiidemic of these sores following tb(‘ (jmdta eartlKiuake, 
found injection of trivalent antimony compounds (tartar emetic and 
foiiadin) combimal with local scrapiufi tlu' most effective method. The 
j)entavalent antimony pnqiarations wen* less satisfactory under tlu‘se 
conditions. 

(b) Local measures. — When the sores are situated on the face — 
eyebrows, nose, cheeks, lips — and other situations, (^specially on the 
hands, when on account of their clironicity, induration and secondary 
infection, the antimony is unable to act upon tla^ }>arasites, then 
intravenous injections of this remedy are by no means so effective. 

Secondary infection is a most important element and in these 
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infected cases no treatment is of any avail until the scabs have been 
removed and the septic element removed by hot fomentations, eusol 
dressings, and the application of nitrate-of-mercury ointment. This 
aspect of the treatment of oriental sores is one that is not sufficiently 
realized or appreciated. The chief difficulty in describing the treatment 
of this condition is the number of remedies which have been advocated 
and which from time to time have been found to be efficacious. 

Ointments. — Various applications have been found useful on 
different occasions, e.g. Gignolin (a refined product of chrysophanic 
acid, see p. 690), in the following formula : 


11 Gignolin 
Ichthyol 
01. cadini 
Benzoli rect. ad 
Ft. pigmentiiin : 


gr. iv (O’ 259 grm.) 
gr. viii (0*518 grm.) 
W\ xl (2*368 c.c.) 
(28*42 c.c.) 

To be applied to sore every day. 


This solution in the form of a paint should be applied to the son' 
with a camel-hair brush, care being taken not to overlap on to the 
surrounding skin. This should be repeated daily for 2-4 weeks, after 
the sores have been cleaned up with eusol dressings or boric fomenta- 
tions. This form of treatment is especially applicable to children 
when the sores are situated on the face, and the Editor has had the 
most; striking and favourable results from this simple method. 

Another method is to apply the Gignolin and to cover it with 
granular paraffin wax, which is applied until it solidifies. 

Other ointments which have been recommended are : Pelluiol 
(Bayer), containing 2-per-cent, diacetylamine-azol-toluol, Desitin 
(Klinke) (chlorine and cod-liver-oil salve), and Orisol ointment, which 
contains berberine sulphate. Good results have been reported by 
the local application of phosphorated oil and also by finely-powdered 
])erinanganate of potash. Kassirsky, in Tashkent, has found an 
ointment prepared from the whole seeds of Picinus (of which the active 
])rinciple is ricin), ground up and mixed with lO-per-cent. vaseline 
ointment, effective. It is applied every few days to the ulcer. The 
first applications cause considerable irritation. 

Injections into the base of the sores.- These methods of tn*atment 
probably act by causing a tissue reaction, but as a rule injections are painful 
and, on account of the surrounding inflammation, cannot be used for sores 
on the face, espe(;ially in the vicinity of the eyes. 

Treatment hy injection of emetine . — Photinos reported good n'sults from 
l<x*al injections of emetine hydrochloride, and 8inderson in Iracj used a 
2-per-cent, solution which should be injected so as to reach (*very part of the 
sore, so that in large ulcerations it may be nectessary to puncture in three or 
four places. The needle of the syringe is inserted into the healthy skin and 
passed through the tissues. The solution is injected, the needle being 
gradually withdrawn at the same time. Following the injection the puncture 
site is sealed with cotton-wool and collodion flexile. When ulceration is 
deep, healing may not be complete for a month. A local inflammation is 
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thereby 8(it up, with the disap})earanee of the parasites from the lesion. 
The lesions usually elear up in fifteen to thirty days. 

Injections of berberine sulphate. — Subcutaneous injections of berberinc 
sulphate {Karanicfuindani) have been used extensively in India. A quarter 
of a grain is dissolved in 1-5 c.c. distilled water and injected in the immediate 
vicinity of the sore. I'wo to four injections, when combined with dressings 
of hypertonic saline, usually suffice. The amount of berberine sulphate is 
not injecbTl in one sjiot, but at four or more points round the sore. Thi* 
solutions are very stable and can be pres(;rv(id in steriU; tubes with rubber 
caps. Hamilton Browne and Deri state that if the sore is not healed within 
a week, treatm(*nt must be rejieated, but a third course is rarely necessary. 
Berberine. acid sulphater is ])ut u{) by Messrs. May & Baker in a 2-Y>er-cent. 
solution under the nann^ of ‘‘ Orisol ” and it is claimed by Gupta that 2-3 c.c., 
injected into several ]>oints, w ill cure the majority of sores. This imThcMi 
has the disadvantage of being somewhat painful. 

Treatment of indolent sores on the nose. — These require 
special mention as, on account of the induration of the surrounding 
tissues, they ap])oar to he especially refractory and in this situation 
they do not appear to respond to the applications which are efficacious 
in other situations. Aft(‘r being ch*ansed, the base of these sores should 
be scraped by a Volkmann’s spoon and dilute nitrate-of-mercury 
ointment thoroughly rubbed in. Dry dressings or powdered per- 
manganate of potasli sliould sulisequently be applied. 

Treatment by vaccines made from dead cultures of Leishrnania 
has been successfully practised by Schwartzmann, Chodukin, and 
others. The vaccine consists of a saline suspension of washed flagellates 
killed by heat. 

Treatment by X-rays. — When available, this line of treatment 
a])pears to be at once rapid and efficacious. In Iraq it is stated that 
a single full-pastille dose of X-rays produces a cure within ten days 
in the majority of cases. The rays act directly upon the Leishman- 
Donovan body, jienetrating the unbroken skin, and thus being efficient 
in non-ulcerated as well as in ulcerated sores. This treatment is not 
followed by any constitutional disturbance, and the scars which are 
left are hardly noticeable. The apparatus necessary is a coil giving 
a IG-in. spark with a mercury jet interrupter. Macalaster-Wiggin 
tubes with 7-in. bulbs are found to be most satisfactory. The rays 
are directed on to the affected area through a lead glass cylinder 
an aluminium filter 8 mm. in thickness being interposed, and the 
surrounding healthy skin protected by properly shaped pieces of 
leaded rubber. The Sabouraud unit is used and is estimated by ex- 
posing barium platino-cyanide pastilles. The current of the secondary 
circuit should be D25 ma., with a vacuum corresponding to a hardness 
of 8*9 on the Wehnelt scale. With the apparatus described, a 
8abouraud unit requires an exposure of twelve minutes, which is 
found in most cases to effect a cure. 

Treatment by ionization. — This has been found to give satis- 
factory results. The ulcer is cleaned and covered with a pad consisting 
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of sixteen layers of lint soaked in 2 -p 0 r-cent. zinc-sulphate solution ; 
this is firmly applied under a zinc electrode by means of a bandage, 
and then connected with the positive pole of an electric current which 
is supplied by eigliteen accumulators giving an average of 86-88 volts. 
A patient with a sore of an area of 1 in. in diameter can easily stand 
10 ma. as gauged by a resistance coil. The application is continued 
for tw'enty minutes, the pad being constantly moistened wuth zinc- 
sulphate solution. 

Treatment with carbon -dioxide snow. — In Lahore, Central 
India, the application of carbon-dioxide snow^ constitutes the sole form 
of treatment. This should be applied for 5-80 secs., depending upon 
the size of the lesions ; the application is repeated every ten days. 

Prophylaxis. — In the endemic areas of the disease, measures 
should be taken in the form of insect repellents {see p. 184) to protect 
the exposed parts against bites of phlebotomus. At night-time a 
line-mesh netting, forty-five holes to the square inch, is necessary to 
exclude these insects {see Fig. 12). Dogs with suspicious-looking sores 
shoidd not be permitted in the vicinity of human dw-ellings. hi the 
East it is still generally lielieved that infection may be conveyed liy 
laundry wdiich has been w^ashed by natives who are infected witli 
these sores. Prophylactic inoculation with cultures of Leishmania 
iro 2 )ica has been practised in south-east Kussia (Lawrow and 
Diibowskoj). Sores develop at the site of inoculation after an 
incubation period of two to six months. The ijiunuiiity thus produced 
protects against further infection. 

III. LEISHMANIASIS AMEEICANA 

Synonyms. — Espundia ; Bubas Braziliana ; Uta ; Pian Bois ; Forest 
Yaws (British Guiana) ; Bosch Yaws ; Naso-pharyngeal Leishmaniasis. 

History. — Under the nauica specified, several writers describe a ver>- 
grave form of leishmaniasis occurring in certain South Ameri(*an countries ; 
isolated cases resembling the American disease luiv('. been reported from the 
Sudan (Christoj)herson), Somaliland and Italy, but })os8ibly in these it merely 
represents a secondary invasion of the mucous membranes from the surround- 
ing skin. Mutilations of the face reminiscent of this disease have been found 
in figures engraved on old Inca pottery. 

Geographical distribution. — The most northerly jioirit from 
which this form of leishmaniasis has been reported is the lYninsula of 
Yucatan, about 21° north latitude, and the most southerly 80° south 
in the Argentine. It is prevalent in the northern part of Argentina 
and in Paraguay at 25° south. Probably the centres of its greatest 
prevalence are in the states of Sao Paulo and Bahia in Brazil, and in 
parts of Peru between 5° and 25° south. Altitude is a limiting factor. 
Most of the territory has an elevation of less than 2,000 feet. Heat and 
moisture are necessary for its existence. In the chicle forests of 
Yucatan the infection is contracted in the rainy season. 

In Eio de Janeiro, however, the disease is common in the residential 
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section. It lias been report(*(l from thf^ West Indies (Martinique), 
Mexico (State of Campeche), and Yucatan, liritisli Honduras, Honduras, 
(luatemala, Colombia, Ikitisli, Hutch and Fn*nch Guiana, l>razil, 
Uruguay, Argimtina, Paraguay, Peru, Bolivia and Ecuador (Map ILT). 

In Paraguay the disease lias assumed epidemic characters, and a 
large proportion of the pojiulation in certain districts, and 70-80 ])er 
cent, of prospecting parties, have b(*come affect(‘d, so that most drastic 
public measures have had to lx* 
tak(*n to prevent its spn^ad. It 
is usually seen in men working 
ill the forests, (‘specially gum- 
pickiTS. A similar disease has 
l>(‘en observ(‘d in the dog in the 
emhaiiic C(*ntres, and it is pos- 
sible that it occurs in tie* agouti 
(1 )as!/pr()ct a). 

Etiology and symptoms. 

- -The disease occurs at any age* 
in either sex, in strangers as well 
as in the indigenous population ; 
it begins as a sore on some mu- 
cous surface. The sore is of the 
chancrous form of the ordinary 
oriental-sore type. It heals in 
time, leaving a charactcTistic 
scar. After an interval of months 
or years, fungating and eroding 
ulcers (Pig. 81) of a most in- 
tractable character break out on 
the tongue, and in the buccal 
and nasal cavities, destroying 
and obstructing them, and ultimately, if unireated by antimony, 
leading to the death of the patient by exhaustion after years of sufYering. 
The lymphatic glands are often involved, but the abdominal and 
thoracic organs are spared. Though affecting the mucous membranes 
in this characteristic manner in the endemic zones, the ulcers, as in 
oriental sore, occur in other uncovered parts of the body. They have 
been commonly noted on the pinna of the ear in gum-pickers {oreja de 
chiclderos). For the state of JSao Paulo, Brumpt and I’edroso record 
localization of sores as follows (in percentages) : Leg 30, foot Pi, 
forearm 12, head 11, hand 10, hip 4, elbow 4, trunk 3, nasal mucosa 3, 
knee 2, buccal mucosa 2, neck 2, arm 1, pubes 1. 

Leishrnan bodies are to be found, though not in great profusion, 
in scrapings and sections of the fungatiiig ulcers, and present no 
morphological differences from L, troj)ica or L. donorajii, but have 
been distinguished by Vianna as Leishmania hraziliemis. Giant cells 
and flagellated forms of the parasite have been found in sections. It is 
14 
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believed that the original sore in this grave form of leishmaniasis 
develops at the site of the bite of a jungle insect, probably a sandfly — 
Fhlehotovius — and the following species are suspected (Shattucl^, 1935) : 
P. squanii2)es (Dutch Guiana and Brazil) ; P. inter niedius (Brazil and 
Argentina) ; P. niigonei (Venezuela, Brazil, Paraguay and Argentina). 

Diagnosis is made upon the typical clinical appearanct\s and tin* 
discovery of the parasite. Espundia has to be distinguished from 
the ulceration of yaws (gangosa) and syphilis. In ulceratt'd lesions 
the crust should be removed and smears made from the underlying 
sero-puriilent discharge. 

The excision of a piece of granulation tissue and the expression 
of the contained serum on a slide often afford a more r(*a(ly iiadhod 
of diagnosis. In five cases discovered iiv the Sudan Humphreys 
and Mayne found the leishmania in material obtained by ])inching 
the lobulated growths, but not by splenic puncture, as tlu^re was 
coincidental enlargement of this organ. 

These sores infiltrate deeply into the tissm*s, and besides grave 
destruction of tlie nose, lips, and tongue, they may be follow(‘d by 
secondary infections, such as erysipelas and even gangrene. 

Treatment. — The general treatment is that of oriental sore, and 
was introduced by Vianna in 1912; ten to twenty intravenous 
injections of antimony tartrate (20-30 gr.) generally sullice for a cure. 
The local ulcers on the lips and nose are cleaned uj) with fonuaitations, 
the cleansed surfaces ainesthetized with a inixtun! of cocaine, mtaithol, 
and carbolic acid, then sprinkled with finely powdered antimony 
tartrate and bound up with a bandage. Subsequently the wounds 
are dressed with an ointment composed of zinc oxide, bismuth, and 
lanolin. In the case of the buccal mucosa, scabs must be removed 
with a solution of bicarbonate of soda, the surface ainesthetized with 
cocaine (1 -per-cent.) and sprayed with 1- 2-per-cent, antimony-tartrate 
solution. Every four to eight days the tartrate is used in a 
saturated solution, the application being made by means of a ])ledget 
of cotton-wool. 

Mazza and others in northern Argentina have succe(‘(led in obtaining 
good results in the treatment of muco-cutaneous leishmaniasis with 
intramuscular injections of Fouadin (Bayer), a trivalent antimony 
compound, in doses varying from 0*5 to 5 c.c. The tn'alnient was 
continued for varying periods. Twenty to thirty injections are usually 
necessary and, according to Schulemann, the results continue to be 
highly satisfactory. 

Good results have recently been obtained by intramuscular in- 
jections of Eparseno (dioxy-diamido-arsenobenzol), })repared by 
Poulenc Ereres, Paris. Injections of 0*12 to 0*25 grin. (1-2 c.c.) are 
given and as many as ,10-20 injections at intervals of two to three 
days are necessary to effect a cure. Others have obtained success 
with similar injections of the doubh' iodide of quinine and bismuth 
(0*15 grm. daily for one month). 



Subsection B.- FEVERS CAUSED BY BLOOD 
SPIROCHETES AND SPIRILLA 

CHAPTEK VI 

RELAPSING FEVERS 

Synonyms. — Eebris Pociirrens : Spirillum Fever ; Famine Fever ; 
Tick Fever ; Bilious Typhoid of Griesinger. 

Definition. — An acute infectious disease, or, possibly, a group 
of infectious diseases, characterized by fever of sudden onset and, 
aft<‘r several days (one to seven), rapid subsid(‘nce, which may rt‘lay^S(^ 
at intervals of from oiu^ to seven or more days for an indehnito niiml)e] 
of times. It is caused by spiroclijetes wliich are present in the blood 
(luring the fevtT and are transmitted by certain insects (body-louse) 
or by certain ticks {Ornithodorus). 

History. — Relajjsing fever was known to Hippocrates. In 1878 
Obernieier discovered the sparocha'te now known as recurrevtis, vel obermcieri. 
In 1904 Philiyj Ross and Milne in Fganda, and rather later, but indeptuidently,- 
Dutton and Todd on the Congo, discovered that in Africa the spirocha‘t<; 
was coinnnmicated by the bite of a tick, Ornithcxlorus rnouhata. The last 
two observers found that the parasite could pass into the egg and larva, 
and so confer infective powers on the mature tick of the succeeding generation. 
In 1907 Mackie recorded an outbreak of relapsing fever in which lice, Pedicuh/s 
/tff7nanu,s var. corporis and capiiis\ apparently served as the transmitting 
agents — a view favoured by the ex|)eriments of Nicolle and others. In 1921 
Bates, Dunn, and St. John proved that under ex]x*rimental conditions the 
ticks Ornithodorus talaje and O. i^cnezuelensis convey the disease in I'anama 
and in Venezuela. A Spanish form described by de Buen occurs in Southern 
Spain and Morocco and is transmitted by O. jnarocanus, which lives mostly 
in the burrows of rats and porcupines and the earths of foxes, and also 
frecjuents pigsties. Since then Herms has de.scribed a distinctive tick-borne 
form in California, and Adler a similar ornithodorus-conveyed disease in 
Palestine. 

Geographical distribution. — In Europe relapsing fever occurs 
from time to time in the British Isles, but especially in Ireland, and 
in Norway, Denmark, Germany, Russia, and Turkey. In Africa 
the disease has long been known in Egypt, while Dutton and others 
found a specially virulent form widely spread in Central Africa (tick 
fever) in the Congo, East Africa, Uganda, Abyssinia, and Madagascar. 
In Asia it is met with in Iran, and in India, where in 1922 large 
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epidemics occurred in the Central Provinces and North-Western 
Frontier, and it is of frequent occurrence in China. Epidemics have 
been recorded in the United States, especially in Texas, and recently 
in Senegal and French Equatorial Africa, China and JManchuria, while 
a special tick-borne form of the disease is now recognized in California 
as well as in the northern states of Central and South America, Spaiii, 
Morocco and Pjdestine. 

^Etiology. — It has been definitely proved that the various forms 
of relapsing fever are caused by Spirocha'iu recurrent is, and organisms 
which are moiqdiologically indistinguishable from it but which 
may be biologically distinguisliable, such as S. dufloyii and >S'. 
venezuelensis. 

Typically, the s])iroch{3t‘ta is a delicate, spiral lilameiit ; its haigth varies 
from 8 to 15 fi, and its width from 0-2 /a to /x. Kaeh turn has an amplitude 
of 2 to 3 /X. The body of the ])arasite may have three, four, or six bends 
or turns; dividing forms a])pear to have more; in fact, the body of the 
spiroehaete undidates, it does not strictly form a s})iral. Cok^s descrilx's the 
minute structure as consisting of small granules in a c-ontaining tube*. ]5y 
the Komanowsky method the* body of the })arasite usually stains uniformly, 
with the exec‘})tion of th(‘ extremities, which are j)ointed and take only a very 
faint tint. In fresh blood the sjiirocluetes exhibit very active sc'rew-like 
movement ; some are longer than others, the long forms resulting from (md- 
to-end attachment of two or more parasites. That tliis is tin* ex])lanation of 
the long forms, which may nu^asure from 10 to 100 /x, is shown by staining. 
In those measuring from 16 to IS /x we find a pointed extnunity at each end 
of the filament and a pale zone in the middle, the pale zoiu' eorres])onding to 
the approximated lightly staining extremities. The still longer forms admit 
of a similar explanation. Although the normal habitat of the spiroeha't(‘s 
is the liquor sanguinis, occasionally in fresh licpiid blood preparations tlu'V 
are seen within the red blood-corpuscl(‘s, though this probably d(K's not o(‘cur 
within the body. 

(beat variation is shown in the morphology of the s})irocha?U^s, but then* 
is a consensus of opinion now that no constant morphological distinctions 
exist between the organisms occurring in the different clinical forms of the 
disease. For an explanation of the nomenclature the reader is referred to ]>. 89 1 . 

Demonstration of the ]>arasiie.~- It is necessary to reiueuiber that 
the parasite occurs in the blood during the febrile stages of the disease 
only, often disappearing forty-eight hours before the crisis and being 
\'ery scarce or absent entirely during the non-f(Urile intervals. In 
some forms and cases of the disease it is present in large numbers in 
every held of tlje microscope : in other forms and cases it is so scanty 
that many fields have to be examined before a single specimen can 
be discovered. In thin films of fresh blood its presence can usually 
be recognized from the agitation its movements communicate to the 
adjacent corpuscles (Fig. 82.) In dried and fixed films the stains 
in general use for malaria work suffice. 

It has been pointed out that it is especially in children that the spiroclux't-es 
may be found, in the blood stream during the apyretic periods. 
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The dark-ground method of illumination is admirably adapted 
for demonstrating these parasites in a living state ; a very strong 
illuminant, ])referably a high-power eleetric-light — not always 
j^rocurable in the tropics — is required. Occasionally, when very 
scarce in the blood-stream, as during a relapse, or in the clinical form 
of the disease met with in North Africa, the organism may l)est be 
demonstrated by the “ thick-hlm ” method. 


(Cultivation . — The successful cultivation of S. rcrurrvnti.s and its sub- 
varicti('S has bct'u cff('ct(“d by Noguchi and others in sterile ascitic fluid 
containing citraUal blood and a small amount of fresh kirinev, incubated 
at 37 ’ ('. 3'ho greatest multiplication of the organisms tak(‘s ])]ace at tlie 
junction of the ascitic fluid ancl of th(‘ blood. Anaerobiosis is nc‘c*(!ssarN’ and 



also the presenc(‘ of coagulated albumin. 
The /vH valiK' is of great importane(\ 
d'he spirocluetes n'ach their maximum 
developnamt on tlie seventh to tlie 
ninth day, after which they begin to 
disintegrate. Subcultures retain their 
virulence for mice. 


Dxljereni strains of relajisinfj-jcrvr [ / 

])arasifrs . — It is undoubtedly th(‘ I j 

case that in one part of the world \ / 

th(^ spiroclnete of man is transmitttal \ j 

by on(‘ sj)(‘cies of blood-sucking \ / 

arthropod, and in another j)art (tf ' f | / 

the W(jrkl by another ; that the serum 
reactions of these parasites differ 

and tluit tlie fevers thoy cause are, '"pZoUUo: 

in some res})ects, different clinically. jo/m Belt.) 

The parasite, as originally described 

in EurojW!, is known as S. rccurrentis. Attempts have been made 
to s(‘])arate tlu' North American form under the name of S. tioryi, the 
Indian form as S. r(nieri. and the North African form as S. berhera. 


though these distinctions do not appear to be valid. llie parasite 
of the Iranian form of the disease (mianeh fever), which is thought 
to be clinically distinct, is knowm as S. persica, and that of the Central 
African disease, popularly known as tick fever (or carapata disease) as 
S. duitoni. The South AnK'rican form is known as S. renc 2 uclvnsis, that 


of ranama as S. nvolropmdis. In 1926 de Buen described a new' variety, 
more resembling the Central African form, which is transmitted by a 
tick (O?7n7//odura.9 /aurocatnas') wdiich lives in the burrow's of rats and por- 
cujiiiK^s, and tli(‘ parasite has becai named N. Inspanica ; but according 
to Belanbe, the Moroccan spirocluete differs slightly, and he has pro- 
posed the name S. viarocana. In Turkestan a Eussian strain is 
said to bo transmitted by 0. papillipes, w'hich has also been proved 
to be the carrier in Palestine. Clark and Graham suggested that 
a tick-borne infection might occur in the Colorado Valley, Texas, 
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all tick'borue infections tTiuisnussioii is lien'ilitery ; Uiis probably does 



214 RELAPSING FEVERS 

and now in California it has been described by Wheeler, Henris and 
Meyer. 

Melenoy has found that the grey squirrel {Sciurofamias damdianus) 
and the striped chipmunk {Eutaviias asiaticus) could be experimentally 
infected with the Chinese strain of spirochaete. After splenectomy 
the virulence of the attacks in these animals was increased. 

Pathology. — The spleen is usually large and soft, often shows 
multi})le infarcts and fibrinous exudates, and may rupture spontane 
ously during life. Liver, kidneys, and heart show cloudy swelling of 
their cellular elements. The skin in fatal cases is usually jaundiced, 
and th(*re may be subcutaneous petechiic. The bone-marrow is 
hyperiemic, and shows great activity of the leucoblastic elements. 
There is generally a marked polymorphonuclear leucocytosis, and the 
spirochaetes, very numerous, often phagocytosed, are found in th(‘ 
spleen and bone-marrow. In microscopical sections of tlie spleen and 
liver the spirochaBtes are seen in great numbers within the endothelial 
(•ells — an observation which suggests that the parasites retire to these 
organs during the apyrexial periods. They ra])idly disappear after the 
patient’s death. During the apyrexial periods an (X’casional one may 
be found in the peripheral blood by injecting inlraperitonoally not less 
than 25 c.c. into a susceptible animal, which must be examined twice 
daily for the succeeding ten days before a negative* r(*sult can lx* 
declared. 

There are those who think tliat the spirochaste has an invisible 
stage in the blood. It is said that if a drop of l)l(X)d containing few 
spirochaBtes is placed in sterile vaseline tand incubated, it will in a ft‘W 
hours be found swarming with large numl)ers arising from forms 
previously invisible. 

In tJernmny and Austria strains of relapsing fever s])irocluetes have been 
used for therapeutic inoculation in the same manner as malaria. Some 
facts of importance have emerged as the result of this study : that the spiro- 
chaBtes may be demonstrated in the liver, brain and cerebro-spinal fluid and 
that active infection may be produced by inoculation of susceptible animals 
with material obtained during the quiescent periods and even afU‘r apparent 
reovery from the disease. 

Sagel has shown that infection produced by the bite of a tick is much 
more virulent than that brought about by direct inoculation. Pampana 
has shown that the relapsing-fever spirocluetes are remarkably neurotropic 
and in guinea-pigs the brain and cerebellum are still infective fourteen months 
after primary inoculation. A great deal of attention has recently been ])aid 
to the fixation in the brain of these spiroduetes, whi(4i takes place in the 
spirochsetes of mice and birds. Similarly Mathis and Durieux show tliat 
strains of S. duttoni, originally isolated from shrew mice in Dakar, may 
persist in the brains of subinoculated mice up to 235 days. 

Mode of transmission. — There are two main forms of inter- 
mediary host which transmit relapsing fever, namely lice and ticks. 
The form of fever as it occurs in Europe, Asia, and North America 
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is coiiveyod by lice {Pediculus humanus). The Iranian and Palestinian 
form, S. 'per den, is said to be transmitted by a tick, 0. papilHpes, formerly 
0. iJwlozani. Tick fever, the Central African form, is undoubtedly 
transmitted by another ornithodorus, 0. inouhata (Plate VII, Fip:. 8), 
and in 8ene<:^^al by 0. erraticus. The analogous disease of Central and 
South America is conveyed by 0. venezuelensis and 0. iaJaje. According 
to do Pu(‘n, O. viarocnniis transmits relapsing fever in Spain and 
Morocco. In Tiirk(‘stan, too, it is 0. papillipes ; in California, 0. liermsi. 

It is becoming increasingly realiz(‘d that a reservoir of infection 
of these relapsing-fever spirochaetes exists, especially in Africa, in 
th(‘ smaller rodents which, quite normally, appear to be infected with 
them. Nicolle and Anderson in Tunis recognize that the spirochajte 
of th('se mammals, »S. 'tiorinandi, is probably identical with >S. dutioni. 
This group is virulent to rats and mice, but is not pathogenic to guinea- 
j)igs. The liispanicn strain is equally virulent to mice, rats and 
guiima-pigs. 

Pussell in Accra (Cold Coast) has found the pomdied rat (Crieeiomijs 
(in}fd)i(nius) to be most susceptible to infection with S. dutioni. It is 
now generally iidmitt(‘d that the spirocha'te of the shrew mouse, 
N, crocidurcv, is identical with S. dutioni. In Panama, (dark and 
l)unn have found a wild Sipiirrel monkey Leon tocclms (jeoJJroiji 
naturally infected with Spiroehcrta irnczuelcnsis, which was proved 
to be transmissibl(‘ to man. 

Epidemiology and endemiology.— The fevers caused by S. 
reeurrentis occur, as a rule, at definite seasons of the year, depending 
upon the circumstances which favour the propagation of their 
intermediary host, the body-louse. In times of peace the poorer 
and indigenous class of tln^ communit}^ is attacked. In Europe, for 
instiince, relapsing h'ver has been a feature t)f tiiiK'S of famine. This 
lias long b(‘t‘n noted in Ireland, wIktc* it is known as “ famine fever,” 
and during recent years widesjiread epidemics have occurnnl among 
the partially starviol ])o])ulation of Central Eussia. In war-time it is 
the scourge of armies in the held, and is commonly associated with 
(‘pid(unics of the dreaded typhus, itself also a louse-borne disease. 
The two infections may coexist, as was noted in the great Serbian 
epidemic of 1915. In Southern Europe and Northern Africa relapsing 
fever is a disease of the winter and spring months, at which time the 
natives are wont to envelop themselves in thicker clothes than usual 
and to congregate together for the sake of warmth, thus facilitating 
transmission. (\)nsiderable alarm was caused by the rapidly advancing 
and widesprt'ad epidemics of louse-borne relapsing fever which swept 
across Africa in 1921, starting from Upper (xuinea and, according to 
Lasiu't, jirobably introduced from the Meditt^ranean. In two years 
tht5 number of deaths caused in the French Sudan and the Niger was 
estimated at 80,000-100,000. In the upper Volta area it caused 20,000 
deaths, and in 192G in Darfur it killed over 10,000 people. Generally 
speaking the louse-borne disease is uncommon in Plquatorial Africa, 
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where, on account of the scantier clothing worn, this insect is iinahio 
to thrive. In Dakar and certain parts of Senegal, however, the infection 
is tick-borne and is said to be identical with S. duttoni. In India it 
has been noted that at the advent of the hot weatla^r, in April and 
May, the lice die off and the epidemics of relapsing fever come abruptly 
to an end. 

Idle tick-borne forms of relapsing fever differ considerably from 
the foregoing, in that the infection is transmitted hereditarily by 
these arthropods, and the infection is confined to houses and 
localities which afford a suitable environment for Ornithodorus. 
In Central Africa it has been known for many years that the “ rest- 
houses ” on the main routes of travel are endemic centres of tii^k 
fever, for the ticks live in the mud walls and roofs of the huts, and 
emerge at night-time to feed on man. There is thertdore no seasonal 
incidence in tliis disease, as occurs in the other forms of relapsing 
lever. The same has been noted in the South American form, exce])t 
that a greater incidence is observed in the wid and rainy S(‘ason, wIkmi 
native labourers and oil prospectors are necessarily more confined to 
tli(‘ir quarters than during the liner months of th(‘ year. 

Evolution of the parasite in the intermediary host. Chili p 
Hoss, Milne, Dutton and Todd have detinitely shown that S. dutioJii 
is normally conveyed by the tick 0 . viouhaia, and that, it can ))e trans- 
mitted, not only by the insect which has bitten the inh'cted individual, 
hut also by its progeny, even to the third generation (Koch) ; thus, 
as noted above, the spirocluete has actually been demonstrated within 
the eggs laid by infected ticks. From these eggs nymplis are produc(‘(l 
in which the organism multiplies in large numl)ers. Once fed on 
spirochDpte-containing blood, ticks remain infective for one and a half 
years, and can convey by successive bites relapsing-fever infection 
to at least ten monkeys. 

AAheeler, Herms and Meyer found a new tick vector in California 
in OrniiJiodorus lierfiisi, whicli they collected from Lake Tahoi', Big 
Bear Lake, San Bernardino, Eldorado and Blacer counties, at an 
(levation of 5,000-8,000 feed. These ticks were found naturally 
infected with the Californian strain of S. rccurrenlisy and ])roduced 
infection in mice and monkeys on which they were fed. Chipmunks 
and squirrels which abound there are the reservoirs of infeidic n. The 
bites of both male and Kmale ticks in all instars are infective. 

DcA^elopnient in the tick. — According to Leishman, the spirr<'.-luet(‘s 
remain motile for several days after ingestion by the tick (0. inouhaia), 
the duration depending upon the atmos[)heric temp(‘rature ; th(‘y thiuj 
lose their motility and break up into chromatic granules wdiich clump 
together in the Malpighian tubules of the tick. Should the temperature 
be raised, a crop of young spirochcTtes develop from the granules and 
then disappear suddenly. It would appear that recurring multi- 
plication of the spirochaetes takes place in the tissues of the tick in 
much the same way as in man. The Malpighian tubes act in this 
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case as culiiire-tubos, the organisms being subsequently passed out 
in the faeces of the arthropod. The entrance of the spirochaite into 
tlie liunian skin is aided by the irritation caused by the bite, whicli 
provokes scratching and consequent inoculation of the deposited 
spiroclnetes ; this is facilitated by the fluid exuded from the tick’s 
coxal glands which acts as a diluent. According to Nicolle and his 
co-workers, S. duMoni cannot be transmitted by lice. Other observers 
do not agree that tlie development proceeds in the exact manner 



Fig. 33. -Splroch(Bla recurrent i<t of relapsing fever, and its development in louse 

{Pcdiculus h utruin u,s). {C.M. Wcni/on,** Trans. Roy. Inst, of Gt. Brit.") 

sliows whole body itiviided by st)irofli;vtes, S, salivary {inlands; O, ej^g. Below, spiro- 
ehu'tos in Uig and antfMina, which are easily broken off, so that Ilnid exuding from body 
inhjcts skin of host. 


described above, but regard it as identical with the developmental 
stages seen in the louse. 

There has been controversy as to the meaning of the chromatic granules 
s(5en within the body of the tick, but it is probable that these are of two 
kinds, some representing a degeneration of the defunct spirochfetes, while 
others are to be regarded as active stages in the developmental cycle of 
the organism. The fact remains that for a considerable time after ingestiont 
fully-formed spirocluetes cannot be demonstrated within the body-cavity 
of the infected tick. Wenyon states that the granule stage of the parasite in 
the tick has not been definitely proved. 

Development of the parasite in the louse . — The spirocluetes in the 
stomach of the louse alter very rapidly, and disappear within twenty- 
four hours at a temperature of 73° F. The so-called “ metacyclic ” 
organisms appear in great numbers on the sixteenth day in the body- 
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cavity ; at the end of this time the organisms are more slender and, 
as a rule, shorter than those found in the blood, but they develop to 
their full size in a few days’ time (Fig. 33). Tims it has been proved 
that the lice become infective on the sixteenth day, and the infection 
is probably conveyed by the faeces of Ibe louse, or by tlie acdual 
crushing of the insect on the excoriated skin. The infection may 
also be conveyed on the fingers and gain entrance tlirough the con- 
junctiva. Under optimum conditions, 43 per cent, of lice becoiiKi 
infective and remain so for twenty-eight days. ^Tiere is no conclusive 
evidence of hereditary transmission in this insecl,. The body-lous(‘ 
(P. h'U)H(inus) lays on an average 75 eggs each in the clotlies of its 
host, and these haieh in four days and become adult and fecund in 
two weeks. 

Other methods of transmission.— The spina ha tes hav(‘ Ixa n 
jiroved to be capable of penetrating the niucous nuunbraiK' and, it 
well rubbed in, the unbroken skin. Nurses and doidors (aigaged in 
treating relapsing-fever patients have been inoculat(Ml with tlie dis(‘as(‘ 
tlnanigh the entry of infected blood into the conjunctival sac, and 
in tht‘ case of pregnant women and experimental animals it has lM‘(‘n 
proved that the organism can pass through th(' placi'nta to t}a‘ feet us. 

White mice and white rats are especially susceptible, the former 
particularly so, the organisms appearing in the blood within twenty- 
four hours of inoculation and persisting to the third day. About 
this time they disappear for several days from the blood until the 
commencement of the first relapse, which may be followed by a 
second, third, or own a fourth, tlie riumlier \arving in individual 
mice ; with ('ach relapse the yiarasites reappear in tlu* blood. The 
interval bet ween t he relapses is generally aliout seven days ; occasionally 
it is only two, though it may be as many as ten. 'the actual number 
of organisms in the Idood in the first, is gn^ater than in subseipient 
relapses, indicating the development of a partial immunity. Recovery 
in mice is the rule. 

As a result of tlu‘ consecutive passage of the spirochade through 
a long series of rats, its virulence is augmented, so that the incuba- 
tion period ])ecomes reduced to 15-18 hours, and tlie persistence of 
the parasite in the blood is prolonged to 60 hours instead of, as origin- 
ally, 48 hours ; at the same time the spirochades liecona' far moni 
abundant. 

Emerson, Mossman, Beunders, liothermundt and others have 
shown that the sjiirocluete has a definite neurotropic tcmdeiK'y, and 
that after subinoculation of S. diiUoiii in mice a residual brain inhadion 
is produced. 

In rats an acquired immunity may be produced which lasts for 
many months. As a ride, S. duttoni produces a far more severe disease 
in these animals than does S. recurreniis. 

Rabbits and guinea-pigs are relatively refractory. 

As regards S. v<mezuelensis, dogs, rats and guinea-pigs are 
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refractory. Man and certain squirrel monkeys appear to be the chief 
reservoir of the virus. Mice which have been rendered immune to 
S. (luiioni are subsequently capable of being infected by this spirochade. 

Immunity. — Sabritsohewsky, in 1896, showed that when equal parts of 
spiroehaDte-infected blood or serum and normal serum are mixed, the spiro- 
eha^tcs survive longer 1/han when the infected blood is mixed with that of 
a patient who has recovered from relapsing fever. He accordingly concluded 
that the cause of the crisis in relapsing fever and of subsequent immunity 
was the development of a germicidal substance in the blood. He was the 
lirst to apply serum-therapy in the treatment of relapsing fever, and obtained 
an anti-spiroeha?te serum by repeated inoculation of the horse with human 
spiroch;et('-containing blood. The value of this was successfully established 
by L(")weiitlial ; of 87 pati(‘nts treated, 43 (49 per cent.) recovered without 
a r(‘laps(“. 

Treated in vitro with hyper-immune serum, the spirochsetes rapidly become 
unrecognizable aggregations of granules, and this phenomenon may be 
manifest in a dilution of 1 : 2(XX). 

Cunningham in 192.7 showed that tlie spirochaetes which arc found in 
the blood in the initial attack differ serologically from those which bring 
about th(‘ first relapse, and these strains on inoculation into animals maintain 
the same characteristics. Thus, if strain A hv inoculated into an exi)erimental 
s(juirrel, the initial attack will be of that serological strain, but in the sub- 
sequent relaj)se the strain will be B ; but if the B strain be inoculated, the 
r(‘lapse will be .\, and so on. There is thus an alU'mation of serological 
strains. It is probable that the antibodies produced in the blood-stream by 
one particular strain do not ])ersist long enough to prevent relapse from 
taking ])lace. The thrombocytobarin, or adhesion phenomenon, shows 
clearly that sc'rological differences exist between the spirocluetes of the first 
attack and those of the second. 


(lb:Ni-]HAL Symptoms Common To All Forms 

1. CosMopomi'AN TviM'i {Spirocluvla recurrevtis).- -Thu course and 
cliarticter of the disease vary greatly in a single epidemic, and, further, 
the virulence of the more severe forms is much greater in some out- 
breaks than in others. Tlic incnhatioii period usually lasts from two 
to ten days. In some instances the attack develops promptly on 
exposure ; it is never delayed beyond the fourteenth day. In the 
artificially inoculated, symptoms show themselves in from two to 
six days. 

The onset is generally abrupt, being characterized by cliilliness 
or rigor, giddiness, epistaxis, vomiting, photophobia, and intense 
headache. In the young there may be convulsions. Temperature 
rises rapidly to 104° or 105° F., sometimes to 108° (Chart 8). The 
pulse is rapid, 110 to 130. Should fever run high, there may be 
delirium. The skin is dry, although, especially during the first day, 
occasional sweats may break out. A slight icteric tinting of the 
conjunctiva is usual, and not infrequently jaundice is marked at the 
crisis. The spleen is invarialdy enlarged and tender. The tongue 
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is coated and moist, except in bad cases, in which it may become dry 
and brown. The bowels, as a rule, are confined ; abdominal pain 
may be considerable, and patients usually complain of pains in the 
muscles of the legs, especially the calves. Occasionally herpes labialis 
is noted. There quite commonly occurs an erythematous rash in the 
initial fever, and later one of rose-coloured spots on the trunk and 
limbs has been observed ; some authors describe petechias. The rash 
has a peculiar distribution, being generally most marked in the 
region round the neck, spreading in a semicircular fashion from tlie 
tips of the mastoid processes ; thence it ranges in a symmetrical 
manner roimd the shoulders, down the sides of the chest and abdomen 
to the inner aspect of the thighs, and to the extensor and flexor aspects 
of the forearms. The individual petechia) may be as large as a three- 
penny bit, and need to be carefully differentiated from the exantheinaia 
of typhus and hsemorrhagic smallpox. 

The primary remittent fever, may last from five to seven days. 
At first the morning is usually lower than th(‘ evening temperatuny, 
but on or about the third day the evcniing temperature rarely rises 
above that of the morning. On the fourth, fifth, or sixth day there is 
again a rise of temperature, sometimes with delirium, ending in a 
crisis of profuse sweating and diarrhma. The temperature now falls 
rapidly to normal or subnormal, sometimes dropping in the course of a 
few hours as much as 12° F. ; in the latter event, esp<^cially in elderly 
or delicate patients, there may be dangerous collapse. 

The initial pyrexia, called paroxysm, is followed \)y ^vjlrd 'inxiod 
of ajryrexia during which the ])atient recovers so rapidly that aft(T 
four or five days it may be dillicult to keep him in hospital. But from 
seven to nine days after the crisis, that is al)Out the fourteenth from 
the commencement of the attack, rigor again occurs, followed by a 
second attack of ie\er-~- first relapse. This may be morcj severe tlian 
the initial paroxysm ; usually it is milder, and seldom lasts so long. 
During its continuance the secretion of urine is considerably increased ; 
sweating also is profuse, and prostration marked. A polymorpho- 
nuclear leucocytosis of 15,000 and over is found during the pyrexial 
periods. 

With the defervescence of the first relapse the patient enters on 
the second period of apyrexia, which is usually coincident wiih con- 
valescence (Chart 8). But in some patients a second relapse may 
occur, usually about the twenty-first day, counting from the com- 
mencement of symptoms. This second relapse rarely lasts longer 
than throe days, and is generally milder than the previous paroxysms. 
In rare instances three, four, five or even more relapses have been 
observed. Anomalous types of fever are common. Some temperature 
charts show an intermittent fever throughout, more resembling that 
of phthisis than anything. Cases with four relapses in a period of 
twenty-six days are met with. Occasionally the apyrexia period 
may be of considerable length — seventeen days ; in one case observed. 
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forty-two days. In some epidemics chronic diarrhoea, in others 
arthritis, is a feature. 

Convalescence may he protracted, and (‘omplicated with such 
sequelae as nephritis, ophthalmia, iritis, oedema of the eyelids, otorrha^a, 
polyarthritis, pneumonia, neuritis, parotitis, adenitis. In pregnant 
women abortion is the rule. In some cases attacks of abdominal pain 
are noted which resemble appendicitis. 

Bilious typhoid form. — This is thought by some to be a distinct 
disease and on account of the severity of its symptoms and rapidity 
of its course, especially on the West Coast of Africa, is apt to be mistaken 
for yellow fever. In addition to high fever, dyspnoea, int(‘nso jaundice. 



and enbirgement of the spleen are noted. Hiemorrhages into the 
skin and from the internal organs commonly occur ; marked albu- 
minuria is the rule. 

Some cases become stuporose, with development of tympanites, 
hiccough, and severe diarrhoea. These severe forms are more generally 
seen in war-time, when, in the presence of starvation and exhaust ioij, 
the disease assumes a more serious aspect. 

II. Iranian type (miamdi disease) {Spiroclucta This 

typ(‘ is said to be due to the S, persica. It is found throughout Iran, 
ap})arently also in Syria and in Northern Balestine. The symptoms 
may be said to bo intermediate between those of the European and 
those of the Central African type, for, as compared with the 
European, the relapses are more numerous and of shorter duration, 
while the organisms are very scanty in the peripheral blood, requiring 
a thick-drop method for their demonstration (Chart 9). The attack 
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is generally a very mild one ; the initial pyrexia shows marked morning 
intermissions, and lasts four to llA e days, vihen the temperature eomes 
down either by lysis or by crisis. Three, four, live or even more 
relapses are often noted, individual relapses lasting soinetiines only 
t wenty-four hours, or, at a maximum, three days. The spleen is 
rarely enlarged, and icterus does not occur as a rule. According to 
Harold, in certain epidemics the disease may assume a more severe' 
aspect, jaundice and other complications may supervaaie, and the 
mortality may be high. 

HI. Central Afkican type (carapata disease ; tick fever) 
(Spirochceta duitoni ). — The African tick-conveyed spirillum fever, 
caused by S. dvitoni, although, as regards the type of fever, resembling 



Chart 9. — Relapsing fever, Iranian type. {BeUiiKjham Smith. ) 

X Spirocho tes demonstrated in blood-filin. 


the classical Euro])ean and Indian forms, differs from these in some 
important particulars. The initial fever is not usually so jirolonged, 
generally terminating by crisis within three days. Diarrhma and 
dysenteric symptoms are not uncommon. The apyretic intervals 
are of very irregular duration, being, according to Philip Pos", some- 
times as short as one day, sometimes as long as three wt^eks ; and 
instead of only one or two relapses, as in ordinary relapsing h'ver, 
there may be as many as eleven, five or six relapses being the rule 
(Chart 10). The fever, though shorter, is as severe in the relapses as 
in the initial paroxysm, but the intervals tend to becoiue longt'r. In 
some instances the reverse is the case, and this perhaps in ])oth ]){ir- 
ticulars. Sometimes the fever may assume a low chronic form, it 
may be with severe headache and vomiting. Iritis is a not uncommon 
complication or sequela. The liver and spleen are generally enlarged, 
and bronchitis and pneumonia are frequent complications. As already 





CENTRAL AFRICAN TYPE 


223 


slated, tlie parasites are^ usually very scanty in peripheral blood, and 
may be hard to find. There is a polyniorj)honuclear leucocytosis, as 
ill the European type, and a sli^dit an®mia of the aplastic type. 

Fulminating cases, in which the onset is very sudden, were observed 
nin(.‘ times in a study of 1,500 cases during the East African campaign 
by J. K. ^lanson and Thornton. In these the s])irocha^tes occur in 
enormous numbers ; coma and death may ensue within twenty-four 
liours. Sometimes there is most intense icterus. These observers 
considered that death is brought about by the impaction of masses of 
spirocha^tes in the cerebral capillaries. 

In natives of the endemic districts the disease, as generally observed 
is not nearly so severe as in Europeans and strangers, being usuall, 
limited to a paroxysm or two of one or two days’ duration. Thv 



mildness of these attacks is probably explaiiu'd by a partial immunity 
conferred by previous attacks. 

Implication of the central nervous system is a not uncommon 
complication. A particularly distressing, but fortunately somewhat 
iar(‘, complication is optic atrophy. In the Editor’s experience there 
are two forms — one whi(di follows immediately upon the cessation of 
tlui fever, and another which gradually develops several months after- 
wards. The neurotropic temlencies of the spirocluetes have already 
been referred to. Some observers liave described aphasia, facial 
[laralysia luMiiiplegia, and implication of the cranial nerves — such as 
the third, fourth, and sixth (resulting in ptosis and strabismus), 
the fifth (trigeminal neuragia), the seventh (facial paralysis), and the 
eighth (deafness) — as coming on suddenly during the course of the 
disease. In tlu'se nervous complications the spirochiPt(\s may some- 
times be demonstrated in the cerebro-spinal fluid ; as a rule, it contains 
an excess of lymphocytes and is under considerable pressure. 
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necessitating luinhar puncture in ordiu- io relie\’(' synipluins. In 
patients infected with subtertian malaria a sujx'rimposed attack of 
relapsing fever may determine the onset of blackwater fever. Iritis and 
irido-cyclitis, either unilateral or bilateral, are frequent accompaniin(*nts 
of the acute stage and may precede the optic atroj)hy already refernul 
to. Arthritis is a not uncommon complication. 

IV. Spa NISH TYrn {Spirochaia hispanica ). — The most com})lete 
study of the clinical aspects of tliis form of relapsing fever is by Mas 
de Ayala (1931). The incubation period is apparerdly a very short 
one, 1-2 days, and the onset of the fever is abrupt. It is ushered in 
with nausea, headache, chilliness, general malaise, a rise of temperature 
to 40° C. (104° F.) with congestion of the face and eyes, and dryness 
of the mouth and lips. 

The initidl pyrexia persists for 3-4 days and is associattal with 
drowsiness and prostration, and usually with enlargement of the 
s})leen. There is the usual rapid fall of temperature at the crisis, 
often associated with collapse which responds to injections of 
adrenalin. 

The periods of ajiyre^xia and relapse correspond closely to those 
of the Central African form. After four attacks the dist^ase apparently 
comes to an end sjaaitaneously. The S'panish form of relaj)sing fever 
does not seem to he associated with a secondary amemia as in the 
other forms, though there is generally a leucocytosis of 14,000 to 
26,000 per c.cm. during the attacks. Herpes labialis is common and 
the urine often contains bile at the crisis. In this form enlargement 
of the cer\ical Iym])hatic glands is said to occur. 

As in S. dutfo7ii infections, nerve complications have, though 
rarely, been noted. Facial paralysis has been seen in about 3 per 
cent, some six weeks after the last relapse, and in about the same 
proportion of cases iritis is noted. 

The prognosis is usually good and the pyrexia can generally be cui 
short by neosalvarsan injections. Tlie immunity to this strain of 
spirochade appears to last about a year. 

V. Centual and South American type {Spirochada vcnezueJensis). 

- As far as is known, this fever resembles in almost ev(Ty particular 
the Central African form described aliove. 

Mortality of relapsing fever. — The death-rate usually 
below 6 per cent. In a serious form with jaundice, which has been 
noticed on the West Coast of Africa, the death-rate may excred 50 p(*r 
cent. In the feeble and old, death may ensue at the height of the 
first paroxysm, or from exhaustion as the result of relapses. 

Diagnosis.- -This fever is most usually confounded with subtertian 
malaria, from which it may be indistinguishable on clinical grounds ; 
it may also resemble infectious jaundice, enteric, tyjdius, influenza, 
dengue, pneumonia, malignant smallpox, and even plague In South 
America and West Africa it may be confused with yellow fever. The 
detection of the spiroch©tes with the microscope, or by animal inocu- 
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liitioii, is tho luosfc reliable method of diagnosis. They are readily 
(lenionsirated with the dark-ground illumination ; for methods of 
staining, j). 102B. At an early stage the relapsing character of 
the fever is not available as an aid to diagnosis, but at a later period 
t}i<‘ history of a fever which liad rela})sed al)out fourteen days from tlu^ 
()ns(‘t ol the disease should he regarded as highly siiggc'stive. 

}l’asser?;/a?/?i reaction.— A strong })Ositive coniplenient-de\ iation 
is obtainaljle, botli during the pyrexial stage and in the apyretie 
pi'riods ludween the early relapses, in about 20 per ctnt. of 
cases. This apparently ap})li('s to all clinical types of the disease and 
th('refore does not necessarily indicate a syphilitic infection. 

Treatment.— Careful nursing and dieting are necessary, especially 
in the African type, and must be maintained after the crisis, when 
the patitnt is raA cnously hungry. 

(1) Salrarsan . — In salvarsan and its allied pn^parations we have 
a specihe. The one selected should be given by the iiuravenous 
i()ut(.* in doses of 0*3 grm. to 0*9 grin., according to tlie age of the 
patient and the severity of the case, the dosage being reckoned as 
0*01 grin, fur eacli kilogram of body-weight. After a short aggravation 
of syinptonis a crisis takes place with the disappearance of the 
spirocha^tes from the blood, and, in the vast majority of cases, recovery. 
Should rela})se occur — a rare event — a second injection may be given. 
Of tlie salvarsan (arspheiiamine) coinpoundf;, undoubtedly novarseno- 
l)illon is the best ; neosalvarsan, luargol, arsalyl, kharsivan, galyl 
(0*35 grin.), and salvarsan are useful in a descending order of merit, 
and recently sulphoxyl-salvarsan (Hochst) has given good results. 
The last incniioned, as also sulphostab (Boots), in doses ranging 
from 0*3 to 0*0 grin., has the additional advantage that it may be given 
by the intramuscular or deep subcutaneous routes. Evidence shows 
that tlu' drug is most etbcacious when given in the pre-critical period — 
that is, wht'ii tlie temjierature is on the rise, directly the diagnosis lias 
l»oeii made : rela})ses art' apt to occur if given while the temperature 
is 0)1 the Jail, or during the apyretie period ; this is (^specially true of 
the ('eiitral African type, some cases of which appear to be specially 
it'sistanl to salvarsan treatment. If it is not given in the first attack, 
one sliould wait till tlu' first relajise, and then give it on the rise of 
t('ni[>erature. Salvarsan ought not to be injected when the crisis is 
iminineiit : a very grave reaction, due to the great destruction of the 
spirochades and the liberation of their toxins, with corresponding 
aggravation of the symptoms and, it may be, fatal collapse, is apt 
to ensue. On the other hand, the great majority of otherwise healthy 
patients recover from most forms of relapsing fever without specific 
treatment at all, although, on account of relapses, convalescence may 
1)6 prolonged. Albuminuria should not constitute a contraindication 
to salvarsan treatment. 

Apparently arsenic- resistance is rapidly acquired by these spirocluctcs, 
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so that Moretti and others who have studied this problem find that arsenical 
compounds, which are efficacious in the earlier stages of relapsing fever, may 
be ineffectual if a prolonged period (say of 100 days) is allowed to elapse be- 
tween the experimental infection with the spirocha;U^ and the giving of 
the drug. 

(2) Stovarsol, or spirocid (van Hoof). — Stovarsol tablets (4 gr.) 
in doses of six daily arc said to be singularly eHieacious in relapsing 
fever, when, for some reason or other, intravenous injections cannot 
be undertaken. 

(3) Other compounds. — It has been claimed in Tanganyika that 
in duito7ii infections intravenous injections (20 c.c. of a l-per-cent. 
solution) of mercurochrome are more beneficial than salvarsan. 
Keceiitly gold compounds have been advocated by (lerman workers 
Solganal B and A. 69, the former of which contains 36.5 per cc'iit. of 
gold. It is claimed that residual infections in tlie central nervous 
system are eliminated by these pre})arations. Both preparations 
may be given intravenously or intramuscularly. As the result of 
experiments in mice, Henk has advocated the combined treatment 
with solganal and neosalvarsan — a mixture of half the tolerated d(.)se 
of the former and about a, third the dose of the latter l)ei]ig necessary. 

(4) Other methods . — The collapse and fall of blood-pressure with 
subnormal temperature which follow the crisis liav e to be* counteracted 
by strychnine, brandy and intrarectal douches of liot salines, and also 
by injections of adrenalin and ephedrine. 

Prophylaxis. — In the louse-convened forms of relapsing fever, 
prophylactic measures are necessarily aimed at the destruction of 
lice and their eggs by all the measures known to sanitary science - 
often a matter of very considerable difficulty when dealing with largf‘ 
groups of native porters or labourers, especially during the rainy 
season. This disinfestation is best performed by means of super- 
heated steam in a portable Thresh’s disinfector, or in specially con- 
structed cars in a disinfecting train, the superheaitHl steam being 
supplied by the locomotive (Stammers). As head lice can convey 
relapsing fever in the same manner as the body ])edi(*ulus, local 
measures, such as application of oil of sassafras to the liead, must 
be undertaken. 

In the African form, propliylactic measures are mindj more 
difficult, and necessitate an intimate knowledge of tla* habits of 
Ornithodorus, which does not live on the body of its victim, but emerges 
at night-time from the native houses to feed on blood. It is also found 
on the veld living in the burrows of the wart-hog, but as a rule it is 
only met with in numbers in the vicinity of old cam])ing sites {see 
pp. 973-974). The ornithodorus itself is very difficult to destroy, and 
may remain uninjured after prolonged soaking in cresol. 

The following rules are necessary : 

1. Avoidance of native houses, most of all at night-time — 
especially those situated on much-frequented routes 
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travel. Bedsteads of native inauufachire sVionld also 
be avoided. Camps should be placed as far distant as 
possible from native villages. 

2. Avoidance of much-frequented ground for camping sites ; 
it must be remembered that Ornithodorus can exist without 
food for years. Slee])ing on the ground should not be 
j)ract;sed unless absolutely necessary, and only when 
well protected by a mosquito-net. The use of a night- 
light is reconiinended to scare away the ticks. Blankets 
should be carefully inspected before retiring to rest. 

Native huts should be so constructed that a space of 8-10 in. 
inter\en(‘S between the walls and the ground. Mud and rubble 
buildings are inad\ isable ; floors should l)e raised, and made of cenient. 
A deej) trench dug round a building and filled with wood-ash has 
been found effective in excluding ticks. 

Children (‘Specially act as a res(‘rvoir of the virus, and the ticks 
feed upon tliem. 

Proplnjhictic iMoca/u/hno- Att(‘mpts to artificially ininiunize the 
inhabitants of an inf(‘cted district have been undertaken by Eussian 
workers with a vacudne composed of a mixture of cultures of the original 
and relapse strains of S. rccurrentis, which had been incubated at 
87° C. for three days and subsequently kept at room temperature for 
14-lG days until they had lost their virulence. Each man received 
1*0, Er>, and 2*0 c.c. at three days’ int(‘rval. A week after the last 
inj(‘ction the blood was found to contain spirocluetolysins against 
l)oth original and relajise strain. Th(‘ results show(‘d tliat it was 
possible to jiroduce immunity by inoculation of dead spirocluetes. 

For a (h'scription of the ticks (Elate Vll) and their habits,. see p. 978. 
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LEPTOSPIROSIS 

Duking recent years it has become possible, tliroiigb the discovery 
that certain delicate spirochaetes (leptospirre) are jiresiait in the blood- 
stream and in various viscera, to group together certain fevers which 
have certain clinical features in cominori. Under the heading ol 
Leptospirosis are included infectious jaundice and seven-day fever, 
and possibly certain less well-defined types. 

INFECTIOUS JAUNDICF 

Synonyms.— 'Weil’s Disease ; Icterus Gravis ; Spirochadosis 
Icterohffirnorrhagica ; IMediterranean Yellow Fevc*r ; Griesinger’s 
Disease ; Odan-eki (Japanese). 

Definition. — A severe form of fever, especially in sewer workers, 
caused by Leptospira icterohcejnorrhagice, associated, though not 
invariably, with jaundice, enlargement of the liver and sometimes of 
the spleen. The natural reservoir of infection would appear to Ix' 
the rat (Haiius rathis and li. norvegicus). 

History. — An acute febrile illness associated with jaundice and a higli 
niortality was first described by Weil in 1886, and has since been known 
as Weil’s disease. In 1915 Inada, Ido, and other Japanese invest iga to r^ 
described the spirochade L. icteroher/morrhagiev as the cause of tlie di.sc'ase, 
and this was confirmed in Germany by Huebener and Keiter in the same year. 
In the early summer of 1916 this disease occurred sporadically among th(‘ 
alUed and German troops in France, and the .Japanese discovery was soon 
confirmed by Stokes, Ryle, and Tytler among British troops, and b\ Uhlcn- 
huth and Fromme on the German side, while Bonini recognized it on the 
Italian front. In 1917 the same Jaj)anese investigators, by means of guinea- 
pig inoculations, proved the presence of the leptos})ira in otlierwise health\ 
rats {R. norve^icus and R. atexcmdriiuis) and in the field-vole {Microtus 
montehelloi). 

Geographical distribution. — The disease appears to be esi)eci- 
ally prevalent in Japan ; during the Great War, outbreaks occurred 
among the troops in Gallipoli and Salonika, and also in Egypt, where 
the disease had long been known to exist. It is found along the North 
African coast and the shores of the Mediterranean. It is known to 
occur in France, Italy, Germany, Holland, the United States, Peru, 
Brazil, and Buenos Aires, and is endemic in West Africa, the Congo, 
and the Sudan. Epidemics have been described in the Andaman 
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Islands and in the Malay States (Fletcher). The form of the disease 
as it occurs in the tropics is said to ho more virulent, though further 
researches on this point, as well as on its distribution in hot countries, 
are necessary. In Europe it is said to be more common in summer- 
time, especially in Holland, where Schiiffner has observed 451 cases in 
the last ten years. The disease is specially prevalent in South Holland 
and in the city of Rotterdam. The Editor, in 1922, recorded a case in 
Jjondon : otlu'rs have been obs(^rved in Scottish coal-mines (Buchanan), 
arid in Aberdeen. In 1934 it was shown tliat Weil’s disease is )>y no 
means uncommon in the sewer workers of London, and this work was 
soon confirriKal by oth(*rs who have found it in Liverjiool and otle r 
cities, and iilso in persons engaged on canal work. 

Epidemiology and endemiology. — In Japan the disease has a 
definite seasonal imadence, occurring, as a rule, most frequently in 
the months of September to November. In Europe it occurs most 
often in the hot summer months. The organism is found as a harmless 
parasit(‘ in the kidneys of wild rats and mice, and is excreted in their 
urine : and the distaise is usually endemic among farmers and miners 
wlio are exposed to wed soil and water conditions, such as prevailed 
ill tin* tnaicl) warfare and caus(‘d the epidemics of 1910 and 1917 
in France. In the Andamans, epidemic jaundice is prevalent during 
the South-West ^lonsotjii, and the cases are confined to adult males 
engaged in outdoor occupations. 

in some cast-s water aj)])ears to constituti* the source of infection, 
and epidcunics have beiai recorded as occurring among soldiiTS in 
Italy and in GiTinany afti^r bathing in certain ri\er pools, and the 
Editor (1922) originally showed that polluted Thames water might bt' 
tlu‘ source' of infec'tion. It is now known that spirocluetes of the k'ptee 
spira ty]»e are' widt'ly distributed in water, and some of the in havt' been 
jiroveal to lx* pathogi'iiic e>n inoculation into guinea-pigs (Zuelzer). 

Inlloll and Schiiffnt'r has shown that th(‘ highest incidenci' is amongst 
those ]>eopK‘ whose occu])ation leads them near water, and especially 
those who lia\e fallen into it by accident. When the accident occurs 
in clean water tluTe is no dangtu', but only in polluted canals. 

SchufTner has now shown that the non-pathogenic L. hijle^a (Zuelzer) 
occurs in any type of water, but that the presence of the pathogenic L. 
iclerohcrmorrliagur can be ascertained by immersing experimental guinea-pigs 
into suspected water. 

Slime J ever is the term applied to an abortive form of Weil’s disease 
jirevalent in Germany, where it is acquired during bathing in several 
districts. No less than 700 cases were reported in July, 192C>. The 
attack begins with a rigor and a rise of temperature to 104'' IL 
Accidental inoculation through the conjunctival sac has been observtHl, 

Annual outbreaks of great severity of leptospirosis have been 
reported in 1933 and 1934 in Queensland. They have occurred among 
the sugar-cane cutters and farmers, especially after a prolonged 
rainfall, the infection having entered through scarifications of arms 
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and legs ; a native species of rat {Batins cuhnorwn) a,})pears to be 
the carrier of the infection. In 1934, Davidson, Cani})b(‘ll, Ka(‘ and 
Smith described an epidemic of nineteen cases in Alx^rdeen, chi(‘tly 
among lish workers. The patients were employed in handling whit(^ 
tislj in rat-infested premises the floors of which become covered witli 
slime and offal. The skin of the hands is traiimatizcHl in doing tins 
work, so tliat the infection can enter. Depilated giiimni-pigs were 
easily infected with water obtained from this source. Weil’s disease 
hits, therefore, definitely become an “ occupational dis(‘as(‘,” 

The disease ooeurs in dogs, especially hounds, in wliieh it is known 
as “ the yellows,” and it has been recognized in the fox and in leopards, 
especially when fed on rats. 

iEtiology. — L. icterolujeniorrJiagice is found in tla^ blood, urine, ci're- 
])ro-spinal fluid, and s])utum. It is a spiral tilament with wide flexures, 
Ihe individual spirals being in close apposition (Fig. 34). The largest 
forms attain a size of 20 [jl by 0‘2r) , the average Uaigth being G-l 2 (jl. 

It is now generally agreed that the organism is identical with L. icteroides, 
the organism originally described by >Joguchi in yellow fever. 

The organism may be demonstrated by the dark-ground illumina- 
tion, but is so extremely active that its movements can ordy be ddected 
with difficulty. According to Fletcher, they are most readily dmnon- 
strated in blood-films by P'ontana's method. Although easily found 
in the blood of guinea-pigs, they can be found in man only with great 
difliculty. In microscopic sections of infected organs the h^ptospira* 
show up well with Levaditi’s method of silver-nitrate impregnation. 

The organisms exhibit rapid movements : when free, one end is extended 
and straight, the other semicircularly hooked, so that the}^ progress in the 
direction of the straight portion and appear to be propelk^d from the rear 
by the rotating hook. 

This parasite lias been cultivated by Noguchi on solid media such as 
blood-agar or gelatin (see. p. 1040). According to Fletcher, the organism grows 
readily on agar impregnated with immune serum, but is agglutinated thereby 
in a peculiar manner. The culture medium used by Dutch workers consists 
of tap-water 1,500 c.c., Witte’s peptone 0-15 grm., Ringer’s solution 300 c.c., 
and Sorensen’s solution pW. 7*2. The final reaction of this jieptone medium 
should be between pM 6*8 and pW. 7*2. Three cubic centimetres uf this 
medium is placed in a small tube and sterilized, and for use 3 (^.c. of rabbit’s 
senim is added. The tubes are then heated to 56' C. for thirty minutes 
and incubated at 37^^ C. overnight. Leptospirse are seen by the dark -ground 
illumination by the fifth or sixth day. 

According to Fletcher and Brown, there are distinct serological races 
of L. icterohePMiorrhagice, the Andaman, Indian, and Sumatran strains being 
distinguishable from those found in Europe and elsewhere. 

Schuffner now distinguishes a dog strain, L. canicolay which occui)ies a 
position analogous to that of L. hebdornadis and which is only found in 
Holland. L, grippo-typhosa is the name applied to the agent of “ sw'arnp 
fever ” in Eastern Europe (KosthafF). 
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Flotcher and his staff in Kuala Lumpur found that the organisms isolated 
from 26 patients could be separated serologically into six groups, whilst 
Ka(*rmann and Smits in Sumatra have studied nearly 40(J cases. The 
symptoms of this form are mild and much more closely resemble a benign 
fonii of relapsing fever. The febrile periods last from 2-4 days. 

Again, the strains of organisms isolated in Queensland by Clayton and 
Derrick differ from those of Fiiropean origin and more closely resemble the 
Sumatran types. They have ]mjvisionally named thcmi Australis A and B ; 
the lat ter is closely related to L, canicoUi. 

The natural reservoir of the leptospira appears to be tla? rat, in 
which it occurs in the faeces, urine, and kidneys, though it has not 
yet been dcunonstrated in the blood. It is believed that the disease 
\vas originally epizootic in rats, ])ut that these animals have now 
become tolerant. The h^ptospira has becai demonstrated in 324 per 
cent, of wild rats in Japan; to a less degree in France, T\mis, and 



fiij;. 34.— Photomicro of Lrpfasftird {clcroh(Enu)rrlia(jice from kidney of rat. 

• rkooo. (/>r. .1. (\ tWos.) 

Algiers ; and in 4 jier cent, of sewer-rats in London (Foulertong 
/>. ivlvro}uv})iorr}i(Uj\(v has been demonstrated by Buchanan in tlie 
zooghea-like “ roof-slime,” which thus constitutes the source of infection 
in certain coal-iniiu‘S in Scotland ; and in the green slime of sewers 
in London by J. M. Alston. Probably the portal of entry is through 
skin abrasions, and guinea-pigs liave been infected by rubbing in cultures, 
as well as slime or suspected water, through the depilated skin. Water 
is probably the main source of infection, especially w'hen it comes into 
contact with the bronchial epithelium as by diving and swimming the 
“ crawd stroke ” (Schutfner). In Sumatra it is thought that the nativi* 
dogs may constitute a reservoir, as Kowonaar and Wolf have found 
6 per cent, of normal dogs in Medan to be carriers of the infection and 
tlie organisms have been proved to bo present in the kidney tissues of 
normal dogs {see above). 

Guinea-pigs are very susceptible to experimental infection, and so, 
also, but to a less degree, are dogs and puppies, rabbits and monkeys. 
In order to reproduce the disease in these animals, 8-5 c.c. of the 
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j)atieiit's blood aro required, and should be injected intraperitoneally, 
when the animal dies of intense jaundice about the tenth day. 

Pathology. — The liver is invariably increased in si/.e, and may wei^h 
100-150 oz. The gall-bladder is generally half-filled with brown or greenish- 
brown bile ; no blockade of the biliary ducts has been ascertained. The 
various microscopic lesions are reducible to three main types. In the first 
there is little destruction of the j)arenchyma or intercellular tissue ; tin* 
second is characterized by extreme cellular degeneration ; in the third there 
is a localized destruction of glandular tissue. The fatty degeneration of the 
liver in Weil’s disease is moderate in degree, but cannot compare with that 
seen in acute yelloAv atrophy. The leptospira? can be demonstrated in larg(‘ 
nunibc^rs by Levaditi’s method among the secretory cells of this organ. The 
splctm may be enlarged and the glandular substance soft and difliuiuit (about 
12 oz.). A generalized enlargement of the lymj)hatic‘ glands, esj)ecially at 
t he hilum of the liver, with hyperplasia and multiplication of the mononuclear 
cells, has been noted. Hannorrhages occur in the kidneys, mostly in the 
intertubular tissues ; later in the disease the microscopic picture may resembl(‘ 
that of early interstitial nephritis, and the leptosf)irie may be demonstra U‘d 
in great ])rofusion. The bone-marrow exhibits considt'i'ablc changes, pro- 
liferation of the myelocytes, de})osition of yugment in the macrophage c('lls, 
and diminished activity of th(' luemopoietic system being the chief featunvs. 
There are submucous y)etechia' in stomach and duod(Mmm, and luemorrhagic 
patches in the lungs. The number of the r(‘d blood-corpuscles is diminished 
to about three million j)er e.mm., with a corres])onding r(‘duction in the 
li.Tmoglobin. There is said to be an enormous reduction in the number of 
blood-jdatelets to 10,000 y)er c.mm. (normally 200,000) ; tlu' coagulation- tim<‘ 
of the blood is increased to twenty minutes. 

Inoculated guinea-pigs and puy>pies show’ in a marked degree the tendency 
to hsemorrhage ; those occurring into the lung imjmrt a characUu’istic 
apy)earance to that organ, the so-called “ butterfly lung,” or “ butU-rtly 
patches.” 

Symptoms. — The incubafion period i?i man, as well as in ext)eri- 
nieiital animals, is from live to six days. In man the 07iset is acute, 
with rigors, vomiting, headache, diarrhoea, and abdominal pains. 
A few hours later, fever ensues, with thirst and an intense general 
aching of the limbs. There is intense injection of the eyes, which 
may constitute the earliest and most striking feature and which is 
almost pathognomonic and ])resents a distinct indwork of vessels on 
(he cornea and sclerotics. It is believed that this reaction is du(‘ to 
primary invasion of the conjunctiva by ley)tospirm. There is also a, 
red plush-like injection of the soft palate. The intense prostration, 
the almost agonizing muscular y)ains and aching of tin* bones with 
hyperensthesia of the calf muscles, constitute the most distressing 
features of the illness. The pyrexia is of aii irregidar type, between 
103° and 105° E., falling by lysis in severe cases about the tenth or 
eleventh day. There is usually a secondary terminal rise of tem- 
perature lasting three to nine days, which is associated with the excre- 
I ion of leptospirae from the urinary tubules. Convalescence is established 
in the third week, but there is sometimes a short temporary recrudescence 
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uf fever which is said to he an allergic phenomenon. Jaundice, 
which occurs in 50 per cent, of cases, is noted in from forty-eight to 
seventy-two hours from the onset, and may be ushered in by haemorr- 
hages into the conjunctive or skin, or even from the mucous surfaces. 
The skin is lemon- or orange-coloured, rarely greenish, pruritus being 
very frequent. Later, rashes which may be morbilliform, erythematous, 
or papular may appc^ar ; a purpuric rash betokens a ])ad prognosis. 
Herpes labialis, which may be haemorrhagic, is common. In s(‘ver(i 
cases there may be black vomit. 

The mortality-rate in the Andamans is about 18 per cent. 

Tlie urine is highly coloured, nearly always containing albumin 
and bile, and sortietimc^s casts and red blood-corj)uscles. The amount 
passed is reduced, and the contained albumin may be considerable, 
and usually persists for seven to ten days, after which a trace only 
may be found. The blood-urea is usually raised before the terith day 
of the disease, and a secondary rise occurs also during the secondary 
lever. The leptospira may be demonstrated in the urine from the 
lentil (lay onwards, and may piTsist as long as 100 days, and rarely 
can be seen in the blood from the twelfth day onwards. Prostration 
may be extreme. (yOnstipati(ni is the rule ; the heces are pale in 
colour. The pulse is slow in the later stages, and the blood-pressuri' 
low. A polymorphonuclear leucocytosis is present with an Arnetli 
“shift to the left”; later there is said to be an increase in the 
lymphocytes. 

After three or four days, in mild cases, the fever subsides by lysis. 
Sliglit or evtn sev(*ro febrile relapses are often seen at the beginning 
of the third week. 

The livcT may be enlarged, but splenomegaly is quite exceptional : 
the gall-bladder is distended, and tender on palpation ; the lymphatic 
glands, mor(( esj)ecially the inguinal and axillary, are frequently 
palpal)le and tender. ITsually severe pain is noted in the primary 
attack as well as in the rt^crudescent period. 

Tyj)hoi(lal, uricmic, and meningeal forms — all of great gravity — 
have been described. In the meningeal, the cerebro-spinal fluid is 
under })ressure, and contains an excess of albumin and leptospine 
in large numbers. ]\Iurgatroyd has described a peculiarly chronic 
iiKaiingeal form in which the leptospira^ were recovered from the 
cerebro-spinal fluid six months, and from the urine eight months, after 
the onset of the illness. The patient recovered subsequent to intra- 
thecal injection of antileptospiral serum. Mollaret and Erber have 
found that the simple forms of leptospira! meningitis are ccjin- 
paratively common in France. Fatal cases are usually associated with 
pa.ra})legia. 

Epistaxis, hamaturia, inelaBiia, haimoptysis, deafness and pharyn- 
gitis have been noted as complications, and also inflammatory ocular 
changes, such as iritis and irido-cyclitis. A secondary fever, or 
recrudescence with ‘‘ rigors,” may occur about the seventeenth day 
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without the recurrence of jaundice. The sequelie are aineniia and 
debility. Alopecia usually occurs in convalescence. 

Martin and Pettit recognize the following clinical forms of tln' 
disease : 

1. Cases with grave icterus. 

‘2. Cases of the true irdectious-jaimdice tyj)e, with febrile 
recrudescence. 

(a) Benign catarrhal. 

{b) Prolonged febrile. 

(c) Mcaiingeal. 

(d) With nervous syndrome. 

(e) Pulmonary. 

Diagnosis. — Tlie urine from the lift li to the I'ightli day is said to 
give an intense green reaction when one or two drops of acetic acid 
are added. Early in the disease, if possible before the third day, 
the blood sliould be examined under the dark illumination for le})to- 
spine, and in doubtful cases should be inoculatcMl into guiiu'a-pigs 
for confirmation. For this purpose 0 c.c. should be inject(‘d directly 
into tb(‘ peritoneal cavity ; citrated blood acts equally well if not kept 
longiT than twenty-four hours. The diagnosis may also be made, 
probably with more certainty from the twelfth day of the disease 
onwards, by the injection of the same quantity of catbeterized urine. 
According to Fletcher, the diagnosis is most sim])ly and readily made 
i)y direct inoculation of the blood into blood-agar, and subsequent 
incubation. Blanchard and Lefrou (1922) increased the chancels 
of tinding the parasite by triple centrifugation of the blood. According 
to Schl'iffner one centrifugation of 10 minutes’ duration at 1,500 revo- 
lutions is useful in demonstrating leptospine when the plasma is 
separated from the precipitated red blood-cor])uscles and (‘xamined 
in a thick layer. The disease has to be differentiated from y(3llow 
fever, catarrhal jaundice, syphilitic disease of the liver, the icterus of 
relapsing fever and of malaria. The fever must be distinguished from 
that of relapsing and of yellow fever, and tlie leptospira from SpirocJicela 
recAirrentis. On clinical grounds the diagiiosis should not be inisstHl, 
when jaundice is associated with nephritis and nitrogtm retention and 
is followed by la'adache, muscular pains and scattered haemorrhages. 

In fevers such as typhus and cerebro-spinal fever, and in several 
others in which relapse may occur, including plague, rat-bite fever, 
and paratyphoid, especially paratyphoid-B, jaundice jnay occur as 
a complication. 

An agglutination test for this disease has been devised by Martin, 
Pettit, and Vaudremer, using a culture of the leptosi)irie grown on 
solid media ; it occurs in a titre of 1 in 500, 1 in 1000, and even as 
high as 1 in 30,000 (Davidson ct at.). The specilic agglutinins ap})ear 
in the serum as early as the sixth, more generally about the tenth 
day of the illness, and persist for as long as twenty-two months. 
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Poatmus (1933) haa found that the properties of the serum persist for 
eight years or longer. In carrying out the serological test SchtifFiier uses 
living cultunis of leptos{)ira3 and also cultures killed and preserved in formalin. 
These formalinized leptospiraj resist the action of lysins in the immune sera, 
hut agglutinate* up to the highest dilution com])ati})le with the strength of 
the serum. Wit!) living leptospiriu agglutination appears only in the lower 
dilutions but in higher ones lysis sets in, rendering agglutination impossible. 
Then* is one disadvantage that the formalin mixture after some weeks is 
rendered useless by the leptospiraj becoming matted together into felt-like 
clots. Ilic agglutination-absorption tc‘st has been used by »Schufifner and 
others as a nuains of ditrerentiating strains of ])athogenic leptospirce ; thus 
he haa beam able to separate L. canirola of the dog. 

Brown and Davis have shown tliat the “adhesion phenomenon” is 
applicable to the diagnosis of Weil's disease as well as of trypanosomiasis. 
The reaction possess(‘s distinct advantages ov(ir agglutination owing to the 
ease and c(‘rtainty with which it can be ])ractised. The test consists in 
allowing the immune serum to inU'ract with the specific k'ptospira in the 
presence of a suitable indi(*ator such as bacilli or blood-platelets. Not onh’ 
can the disease be (liagnos(‘d by this nu^thod, but it also furnishes a means 
of differentiating l(‘j)tos])ine. It was shown that L, icteroidrs of Noguchi 
and Jj. ict( roha’rnorrh(i(}i(.r are identical aiul L. hehdomadis quite distinct. 

Smith and Tulloch use a macroscopic agglutination test. The antigen is 
j)re{)ar(*d from activi'ly growing young cultur(*s of leptospira. The volume 
of culture added is (‘(pial to six times the volumi* of (‘ach dilution of the 
serum tested. The mixture of serum and culture is incubated for three 
hours at 37 followed by thirty minutes at 55 V, The results are read by 
oblicjiK' illumination and a hand l(‘ns. The ease with which this method can 
be carried out rendc'i's it one of jiractical importance. 

(hientgi'ns has elaborated a complement-fixation test. The antigen is a 
culture of le])tos])ira, centrifuged, and the sediment suspended in saline 
containing 0- 3-])er-c(‘nt. carbolic acid. 

The cenirifugod dejiosit of urine ricli in these parasites may be 
utilized in place of a culture, and the diagnosis of infectious jaundice 
lias by these means been placed upon a scientific, if not on a practical 
basis. The leptos})ira^ can usually be demonstrated in large numbers 
in the centrifuged urine, and may be present up to the sixty-sixth 
day, thougli they g(aierally disappear on the fortieth. Davidson has 
pointed out that they are somewhat inconstant and disappear altogether 
in acid urine. If negative at first, it is recommended that this test 
should be repeated every second day up to the end of the third week. 

An anti-spirocluetic serum specitic for the Lejdosjnra ictero- 
hcemorrhagice has now been prepared from rabbits, and by this means 
the identification of the organism has been made possible. 

From the fifttienth day onwards what is known as the immunity 
reaction may be employed ; for this purpose 1 c.c. of the patient’s 
serum is left in contact, for fifteen minutes, with several times the 
lethal dose of the leptospira, and injected into a guinea-])ig, which 
will not develop symptoms of the disease, while the control animals 
will die. A high blood-urea of 200-300 mgm. is usually found, but is 
not necessarily serious. 
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The differentiation of Weil’s disease from yellow fever on clinical 
grounds may be difficult, but Faget’s sign is not present in Weil’s 
disease {see p. 366). 

Treatment 

1. General conduct of case. — The systematic treatment consists 
in keeping the patient at rest and flushing out the bowel by means of 
repeated small doses of calomel, and by intravenous injection of normal 
saline containing 5-10 per cent, of glucose. Should the nephritic 
symptoms become severe, intravenous injections of saline or of Binger’s 
solution, I to 1 litre, become necessary. The diet must be liquid and, 
if vomiting is persistent, should be given as nutrient rectal enemata. 
For the pruritus accompanying the icterus, spirit of camphor or 
mentholated vaseline is recommended. 

2. Antiserum treatment. — The scientific treatment consists in 
file administration as soon as possible of a polyvalent antiserum which 
is prepared from horses injected with cultures of L. wieroJiamiorrliagice. 
Such an efficient seriun is now ])re})ared by burroughs WellcoiiH'. 
This is given intravenously at intervals of s(‘V(Tal hours for at h'ast 
four days in succession ; 20 c.c. at least should be given at each injec- 
tion. For a man of 70 Kg. weight, the dosage is 60 c.c. daily for tliree 
to five days, llsually, following this treatment, the tem])eratiirr 
begins to fall, but in advanci.-d cases in which jaundice and uramiic 
symptoms have supervtaied, the method is of little value. Failing tlu^ 
provision of commercial anti-leptospiral serum, the serum of ])atients 
convalescent from this disease has been inject(‘d in daily dost's of 
30-40 c.c. intramuscularly. In order to give* th(‘ h('st n^sulls this 
immune serum should have an agglutination and lysis litre of 1 : 20,000. 
and this is reached 30-50 days from the commencenK'ut of the attack. 
It deteriorates when stored and should not b(' used after six months. 

3. Other measures. — Hexamine, has been recommended and 
Sodium tartrobismutliafe has giv(m good results wlien injected 
subcutaneously. Uhlenhuth and Seiffert have recommended injections 
of a compound known as Bismuth- Yatren A and B. 

Prophylaxis. — Prophylaxis manifestly consists in sterilizing the 
fiecal and urinary discharges of the patients, and in waging war against 
the rat, the natural host of the parasite, and carefully guarding against 
its access to food. Swimming, especially using the “ crawl strokes” 
in pools or rivers known to be the source of the disease should be 
avoided. Sewer workers must protect thernsedves against abrasions. 
Noguchi prepared a vaccine of killed cultures of leptospira which he 
used for prophylactic inoculation in Japan. 

SEVEN-DAY FEVEK 

Synonyms. — Nanukayanu ; Shueki ; Sakuska Fever (Japanese); 
Autumn Fever. 
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Definition. — A short fever, due to Leptospira hebdomadis, occurring 
epidemically during the summer months, especially in Japan (Fukuoka), and 
characterized by sudden invasion, severe headache, pains in the back and 
limbs, and pyrexia of a peculiar saddle-back, or occiasionally of a continued 
typ(‘, lasting from six to seven days and associab^d with a pulse which is 
ndatively slow in relation to temperature. 

History. — Possibly this is one of several fevers included under the term 
“ simple continued fever.” Its differential diagnosis from dengue was 
rendered c'lear by the discovery in 1918 of the L. hehdomadis by Ido, Ito, 
and Wani. 

Geographical distribution. — The home of the disease is Japan and it 
is found in China (Shan-si), and possibly occurs also in India and the Dutch 
Fast Indies. A disease of dogs in the Malay States has been proved b\' 
tJeteher to be produced by a l(‘ptospira of tlie L. hehdomadis type (possibly 
identical with L. canicola of Schiiffner, see p. 230). 

^Etiology.— A. hchdonmdis resembles L. icterohmmorrhagifr closely, but 
can b(‘ distinguished by serological reactions. The organism is said by 
Noguchi to be slight!}^ longer, the elementary spirals almost geometrieally 
(‘(juidistant. It is pn^sent, though in small numbers, in the blood-stream 
during the ])yrexial jjeriod, and may be demonstrated by Irishman’s stain 
or by the dark-ground illumination, and is readily cultivated by Noguchi’s 
method. Tlie chief channel of elimination is by way of the kidne 3 ^s and urine. 

The short-eared field- vole {Microtus rnoiiieheUoi) would appear to be the 
normal host of the leptospira in Japan, and the organism can be detected in 
the kidne^^s and urine of 3-3 per cent, of these animals, which can convey th(i 
disi'ase b}" means of their bite. The endemic area of prevalence of seven-day 
lever corresponds with the distribution of this vole in Japan. 

The Microtus, sometimes termed a field-mouse, in reality a stump- tailed 
lield-vole, is common in country districts in Japan. It burrows in the ground 
and feeds on roots and grain in much the same manner as other small rodents. 

'Phe blood of (*onvalescents from seven-day fever contains sj)ccific immun(‘ 
and spiroclueticidal bodies, and when it is injected, together with a culture 
of the organism, into the peritoneal cavity of a guinea-pig, a positive Pfeiffer 
reaction is obtained. Young guinea-])igs are susceptible to inoculation with 
the blood of j)atients, and ^\ith cultures of the leptospira ; they may also be 
infected ?’zV/ the skin or per os. 

Symptoms. — The symptoms resemble those of infectious jaundice, and 
the blood shows a slight leucoc^dosis. The disease appears to be transmitted 
by the bite of infected field-mice, so that the patients are generally workers 
in the Helds and forests. 

After a short invasion-period the fever comes on briskly, and is accom- 
j)anu‘d by depression, muscular pains, especially in the calves, conjunctivitis, 
digestive* sym})toms, and enlargement of the l 3 m])hatic glands. Apparently 
seven-day fever is a mild disease ; it has no mortality, and no distinctive 
])athological anatomy. The organism can be demonstrated in considerable 
numbers in the urine of patients after the eighth day, and may persist to the 
Ihirty-ninth day. Albuminuria is noted in the early stages. 

Differential diagnosis. — ^The disease is to be distinguished from 
l elapsing fever, infectious jaundice, rat-bite fever, and especially from dengue. 
J’here is considerable difficulty in the differentiation from the last, for many 
writers have confused the t^vo diseases, and some consider them to be identical, 
but in view of r(*cent work there can be little ground for adopting this view'. 
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The bonc-paiiis and tlie morbilliform eru])tion in deni^iK? suiliecj to diwiingniBh 
it from scveri'day fev(T. 

Treatment.- The disease being generally sliglit no speeitic treatment 
has been evolved. d'h(‘ fever must be treated on general lines. 

Note. — In Sumatra various observers have isolated leptospirae from ill- 
nesses of different degrees of severity, including fevers of from one to five days' 
duration with no jaundice ; more severe eases with jaundice ; and finally, 
liannoglobinuric cases resembling blaekwater fever (.sec p. S7). The organism 
isolated from mild eases is morphologically identical with Jj. icteroJKr-moryhagicr 
and may produce severe symptoms on inoculation into guinea-j)igs. Vervoort 
(1923) has proposed th(‘ name of L, pyrogeufs for organisms isolated from 
these fevers of short duration. 

Fletcher in the Malay States has also isolaUui leptos})ira* from a variety 
of febrile cases, some resembling dengue, and Ik* lias classified the organisms 
serologically into a number of groups. Owing to the instability of serological 
reactions, and the fact that primarily non-pathogenic water lejitospiric may 
be rendered pathogenic so as to jiroducc* sym})toms of Will’s disease in 
animals, Baermann and Zuelzer have reached the conclusion that all so-called 
pathogenic leptospine arc identical ^\'ith free-living forms in water. L, ictcro- 
hcemorrhagkv and L. hehdomndis may therefore be* id(*ntical. 
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RAT-BITE FEVER 

Synonyms. — Sodcikti — -w (rat), dohu (poison) ; Sokosha (Jajiaiicse) : 
('at -bit o ])is(‘ase. 

Definitions.- -An acute febrile disease' caused l^y Spirilluvi viliius 
(nL()rms-)iiurLs)y inoculated into man ])y the bite of an intected rat. 
causinj^ a local disturbance at the site of inh'ction, followed by a f^uau'ral 
[('V(*r, with a teaidency to rtdapse and, in some case's, a cutaneous 
e*ru]ttion. 

History. 'J'his discs'ise has long been known to Japanese physicians. 
Since' its recognition, cases have been reported from India and other countries. 
In 19Io Futaki, J'akaki, J'aniguchi, and Osiiini demonstrated spirilla in the 
lymphatic glands from the tenth to the thirUa'nth day of the illness ; lab'r 
they found similar, though shorter and stouter, organisms in the blocxl- 
stream ; the latb'r arc? noN\' recognized as being the 3 ^oung forms of the parasite. 
This work has since been confirmc'd by Kaneko and Okucia in 1917, and 
by it. How' in Bombay. As a result of investigations, A. Kobertson has 
shown the organism to be a spirillum, and its correct nomenclature to be 
Spirilluvi, 7)iiuus CarU'r, 18S7. 

Geographical distribution. — Bat-bile h'ver apt)ears to have 
a widesprc'ad distribution, but it is c'Sjiecially common in Japan, 
bases have bc'cn reporU'd in (Ireat Britain by Ilorder. Low, Atkinson, 
and rloekes, and from the iJiited State's, Uermany, Italy, Australia, 
and East. Africa. 

Etiology. — viinus^ is a short, sciuat spirillum differing greatly 
from spirochades, at any rate when in the liuman body. It measures 
Lo-G [i in kaigth ; the })ointed extremities are continued into one or 
more llagella ; including this, the total length may bo 15 [jl. (Eig. J5.) 
The curves are regular, and generally number three or four, or even 
six or more. It is diflicult to demonstrato in the blood in the li\ ing 
state even by means of the ultramicroscope, but it may be seen in 
the exudate in the neighbourhood of the bite, and in the juice from 
the superficial lymphatic glands. 

Miwements . — In the living state the organism, under the micro- 
scope, moves rapidly like a vibrio, by means of lashing movements 
of the liagella ; the body itself is ht'ld rigid, and in this manner the' 
movements can be readily distinguished from the vibratile motions 

i Formerly koowii as Spirochmta morsus-mufi^. 
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of the true spiroclisetes. This fact, together with a certain amount 
of doubt regarding its method of multiplication, has led to sonu; 
controversy as to its systematic position. Tdie presence of the spirillum 
can be easily verified in suspicious cases by inoculation of wdiito mice 
with any of the material in wdiich it can be seen. Next to mice, ^vhite 
rats and guinea-pigs and monkeys {Macaca rhesus) are most sus- 
(*eptible. The spirillum can also persist in the blood of dogs w^ithout 
giving rise fo any obvious symptoms. Jn mice, Ozeki has shown that 
the infected animals can be recognized within one or two months 
after infection by the loss of hair on the belly and chest and the nasal 
line, including the eyes and ears. Usually, however, experimental 
animals survive. The organisms app(‘ar in the blood-stream about 
seven days after inoculation, and ])f‘rsist for st'veral months. Tlie 
disease can be transmitted by the brown rat {IhiUus vorvegieus) and 
the black rat (7i*. rattus and 1i. alexandrinus), and ])y the bite of a ferret 
or of a cat. 




j 

Fig. 35. — Sj)iriliuin of rat-bite fever in mouse. 1,500. 

{P'noUmicro. : J)r. A. (\ Polvs.) 

The organism resembles, and is probably identical with, 8. laveruni 
and S. viuris, which have been found in the blood of rats and mice 
in various parts of the world. Saisaw^a and Taise have shown that 
the spirilla can be found in large numbers in the peritont'a! tluid of 
mice, and when these animals are treated with small quantities of 
neosalvarsan the organisms pe^rsist in the brain and in tl :e spleen. 
Like the true spirocha3tes, they have the power of forming remarkable 
agglomerations, sometimes forming balls 40-50 |jl in diameter. Under 
the dark-ground illumination, these clumps move like a rolling ball. 

Joekes has succeeded in cultivating S. which he found in 25 per 

cent, of the wild rats in London, by using an insj)issated horse-serurn slope, 
as employed for the diphtheria bacillus, over wTiich is poured VervoorUs 
medium (1 -per-cent, peptone to which are added 3 c.c. of normal j)ho8i)horic 
acid). Primary culture is obtained by inoculating the medium with blood 
from an infected guinea-pig and incubating at 37 C. Subcultures are easily 
maintained in 1 -per-cent, glucose broth. 
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Tlio iiiiiiiiiiiity conferrod on 
nian and on animals durinf]j an 
attack of this h'VtT is pcrinanont, 
and j)r()t(M*ts, a,p])arcnt ly, against 
all other organisms of the same 
type that liave been ])rocured 
from \’arions sources. 

Symptoms. — The Incubaticm 
‘j)erio(i varies from one to sixty 
days : th(‘ a^ eraga^ h(‘ing from five 
to t(‘n days, during ^vhi{•h time 
the wound lieals. The cicatrix 
itself, and sometimes the sur- 
rounding tissues, h(‘c(>me inllamed, 
witli formation of blcTs and (‘\'en 
necrosis. The lymphatics drain- 
ing the area are implicated, and 
the glands themselves become 
swolkm and tend(‘r. Tin? onscT 
ef the fevcT is charact(‘rized l>y 
rigors and malaise ; tla' tenipt'ra- 
ture gradually rises in tliree da^'s 
to a maximum of 103-104° F., 
and, after a further period of 
thriH' days, (aids in crisis with 
})rofuse sweating. 

After tlu} ])rimarv attack a 
(juiesccait interval of five to ten 
days ensues, with subsiihaice of 
the local disturbance. One or 
more relapses (Chart 11) associated 
vvitli the same symptoms, and in 
addition a characlta’istic purple 
papular t'xanthem or urticaria on 
the chest and arms, iiavo b(‘en 
noted. 41ie (Tuption is sometimes 
nodular. 

In most cases the reflexes are 
increased ; tluu’o may be pains 
in the museb^s and joints, and 
hypencsthesia and eodema of 
various parts of the body. Tlie 
death-rate is about 10 per cent. 
TJie (aid is uslu'red in liy delirium, 
often lapsing into coma. 

As in relapsing fever, the 
organism can be demonstrated 
10 



Chart n. — Rat-bite fever, showing periodic relapses, (/b/ pf rini'^Mon of London School of Ihjg. and Trop. Med.) 
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in the blood during the fever only, disappearing during the apyretic 
intervals. The serum agglutinates the spirillum in low dilutions. 
There is an eosinophilia during the paroxysm and a moderate 
leucocytosis of about 15,000. It is said that the serum in this disease 
gives a weak positive Wassermann reaction. 

Pathology. — In the fatal cases the lymph-glands are swollen, the 
spleen is enlarged, the liver hypenemic, and the lungs may show liaBinor- 
rhages. The cornea is often involved. The spirilla have been demon- 
strated in the liver, spleen, kidneys, suprarenal glands, eyes, and testicles. 

Diagnosis. — In many cases the diagnosis of rat-bite fever can be 
fully established from the history, the infiltration at the seat of the 
bite, the typical temperature curve, the rash, and the effects of the 
administration of salvarsan. This diagnosis can be confirmed either 
l)y dark-ground illumination, when spirilla may be seen in the exudate 
obtaiiKHl from the site of the bite, or in the serous fluid from the papule, 
or by (liemsa-stained smears. It is seldom possibh^ to demonstrate 
sijirilla in a thick blood-film. If a number of relapses have occurred, 
probably the best examination to make is one for the presence of 
lytic antibodies. 

Differential diagnosis. — This has manifestly to be made from 
the different forms of relapsing fever and trench fever, with which 
the temj^erature chart lias much in common. ]n tropical countries the 
])Ossibilit 3 ^ of a coexistent malarial infection has to be taken into 
account. The puffiness of the face accompanying the urticarial 
(‘ru])tion may simulate Bright’s disease. 

The reaction occurring around the site of the scar is apt to be 
confused with erysipelas. 

Treatment.— Salvarsan and its derivatives act as a specific. 
As a rule, one injection of novarsenobillon (0*4 to 0*6 gnu.) is sufficient 
to effect a cure. 

NeoarsphcnainiiK^ is the name officially adopted in place of novarsenobillon, 
neosalvarsan, etc. 

Occasionally the intravenous injection lias to be repeated as a 
prophylactic measurti. Schoekaert has shown that antimony pre- 
parations, especially stibosan^ given in therapeutic doses, are effective 
in rat-bite fever ; on the other hand, tartar emetic and antimosan have 
no effect on the spirillum. A cat- or rat-bite should always be cauterized. 

As in syj)hilis {Spirochceta pallida) ^ so in rat-bite fever the bismuth 
compounds appear to have a definite curative value. Moi»tel and 
IVuong-Van-Que have advocati^d Bivalol, which tluy have given 
intramuscularly at intervals of three and five days. Two cases were 
cojnpletely cured after four intramuscular injections. 

Prophylaxis. — Quite obviously the prophylaxis of this disease, as 
in plague, rests upon an efficient method of rat destruction. In 
Majiila, for instance, it has been found that the distribution of rat-bite 
fever and plague in that city are co-extensive and that therefore 
measures taken against cue are in fact effective against the other. 
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('HArTEK IX 

BARTONELLOSIS 

(OEOYA FEVER AND VERRUGA PERUANA) 

.ATkdical opinion in Peru has always regarded Oro^^a fever and \'erruga 
peruana as clinical manifestations of the same disease. For a time 
this view appeared to he negatived as the result of the work of the 
Harvard Commission in 1915, but the important work of Noguchi 
on the cultivation of the virus of ()ro3’'a fever and the subsequent 
production of verruga-like lesions on inoculation into monkeys has 
certainly settled the question of the unity of these apparently distinct 
diseases. ]\Iayer and Kikuth in Germany have fully confirmed the 
work of Noguchi in every respect, so that these two apparently dis- 
similar diseases must now be regarded as the gcaieralized and localized 
manifestations of the same infection. 

OuoYA Fever Sta(Je (Generalized Bartonellosis) 

Synonym. — Carrion's disease. 

Definition. — An acute specific fever, endemic in certain valleys 
of the Andes, and characterized by a raj)idly developing anaunia 
of the peniicious type, irregular pyrexia, and great tenderness over 
the blood-forming tissues. The organism is Bartonella harjlUforniis, 

History. — The first attempt to st^ttle the actiolog}" of this disease was made 
by the self-sacrifice of Carrion, a medical student who, in 1885, fatally inocu- 
lated himself with the blood from a verruga ncKiule in Lima. From this 
experiment the Peruvian ph^^sicians concluded that the verruga and Oroya 
fever were different stages of the same disease. 

It is thought that Oroya fever was the disease which proved so fatal to 
Pizarro’s army in the sixteenth century. In order to reconcile the observa- 
tions on the development of the eruptive stage without a severe febrile 
preliminary stage lasting three to four wrecks, it has always b<;*en considered 
that the first stage might be exceedingly mild. 

Geographical distribution. — Between the 9th and the 16th 
parallels of South latitude, and at an elevation of from 8,000 to 10,000 
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feet, in certain narrow valleys of the western slopes of the Andes, 
this peculiar fever is endemic. It is therefore found in Peru, 
Ecuador, Bolivia, and Chile. Its topical as well as its geo- 
graphical range is singularly limited ; it is confined to certain liot, 
narrow valleys or ravines, the inhabitants of ntaglibouring places 
being exempt. 

It is said that the disease may be acquired when merely journeying 
through the endemic districts, more especially if the traveller passes 
the night there. 

iEtiology. — Although out-of-door workers are the most subject, all ag(*s 
classes, and both sexes, including infants, are liable to attack. During the 
fever certain rod-like bodies are to be found in a large proj)ortion of the red 



Fivi;. 36. — Blood smears with numerous liarloxelhi (human Oroya 

fever). {Kikutli.) 

blood-corpuscles (Pig. 3b), and in endothelial cells of the lymphatic glands. 
These were first noted by Barton in 1909, and were considered by him to be 
protozoal in character ; these findings were subsequently contirmcd by Strong 
and other members of the Harvard Commission, and the bodies were termed 
by them Bartonella hacilliformis. They somewhat resemble stages of a 
yiiroplasm {Theileria 'parva) during its cycle in th(* lymj)hatic glands, and 
similar bodies are found in the blood of normal mic(^ aiijd certain rodents 
[Bartonella muris)^ which, as Mayer, Borchardt and Kikuth have shown, exist 
as a latent infection, but which may jjroduce an acute and fatal anremia, 
resembling Oroya fever, subsequent to removal ol' th(' spleen. 3'he causal 
organism of dog-ana*mia following S})l(‘ne(domy is Bartonella, caiiis. The 
chnical course of this infection is connected with an endothelial reaction, and 
and organism is transmitted by rat-lice [lloernalopmus). ChemotherafKiutic' 
experiments have led to the discovery of an eff(?ctive arsenic-antimony 
compound with an index of I : 3500, which is a figure of efficiency never 
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Iien^toforo reached in ohemothcrapy (ICikuih). On account of their 
peculiar behaviour, the Orahamella, first described by Graham-Smith in 
the blood of moles, should be kept apart from Bartonella and regarded as a 
separate genus. 

Two forms of B. hacilliformis are recognized — one is a rod-shaped, slightly 
curved bacillary organism 2 jjl long by 0-5 ^ broad, staining with Romanowsky 
an intense blue, often in branching forrns and in chains, but never crossed ; 
the other is a rounded body about I /it or less in diameter, usually oval or 
pear-8haf)ed, arul containing chromatin granules. J5oth are difficult to 
distinguish in fresh blood, and show feeble independent movement. 

Noguchi regarded Bartonella as a bacillus and succeeded in cultivating 
it on solid media from specimens of citratc'd blood sent in “ cold storage ” 
from Lima to N(*w York. The organism grows best at low temperature 
on blood-agar nu'dia. He was so successful in culturing the organisms 
that he n^commended it in diagnosis as preferable to examining blood 
smears. 

Battistini’s method of culture is simple. A small drop of blood from 
the finger of the patient is withdrawn into serum-agar. Idie end is sealed 
in the flame and the whole ])laced in the incubator at 28 C. Colonies are 
visible in 5 0 days. The cultivated bodies are O G-IT) jj, in length. It is 
an obligatory aerobe and (iram negative, but stains well with Giem.sa. 
Intravenous injt'clions of cultures into Bhesus monkeys produced irregular 
f(‘ver and extnune aniemia ; in the blood-cells the Bartonella organisms 
could be demonstrated. Intradermal injection into the .supraorbital tissue.s 
gave rise to notluh's rt'siuiibling verruga. In t'xcised nodules Bartonella 
survives for at least fifty-six days at 40 C. Noguchi succeeded in conveying 
th(' infection to monkt*ys by the bites of ticks (I)erniarentor andersoni)^ but 
Townsend in 1913 conjectured that the insect vector was a sandfly {Phlebo- 
tontus verrnrannn). Further evidence incriminating 1\ nofjuchii and P. 
rerr near uni was (jbtained by Noguchi, Shannon, Tilden, and Tyler in 1929, 
and this was (;onfirmed in 1937 by Ifinkerton and liis colleagues. Insects 
were collecU'd in a verruga district of Peru and sent in sealed gla.ss tubes to 
New York. They were then ground up in saline and the emulsion injeeted 
intradermall}' into monk(*vs. The only insects vhich showed any evidence 
of containing Bartonella were Phlebotomi. 

Mayer and Kikuth were able to confirm Noguchi’s studies in a case of 
verruga in Hamburg. An emidsion of an excised papule injected into 
monkeys produced tyjiical lesions and Bartonella were observed in the blood 
of one of tlie infected animals. 

Th(‘ results of the Harvard expedition to Peru in 1937 were mainly con- 
firmatory. Pinkerton, Wenman and Herlig confirmed the findings of 
Bartonella in blood culture. They recognized three types of (Yirrion’s disease 
in man, 

( 1 ) the amemic forms ; 

(2) the asymptomatic ; and 

(3) the cutaneous, which was reproduced by inoculation of (a) infected 

lymph-nodules, {h) human verruga tissue, (c) cultures of Bartonella 
from the blood of human verruga cases. 

The disease is most prevalent from January to April, when the 
streams are in flood, the air hot, still, and moist, malaria epidemic, 
and insect life abundant. 
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Pathology. — A remarkable feature of this disease is the rapidity 
and extreme degree of blood destruction. In bad cases the blood- 
count may drop in three or four days to 500,000 per c.mm., the picture 
being that of a pernicious antemia. There is a marked polymorpho- 
nuclear leucocytosis with disappearance of eosinophiles. The red cells 
are of the megalocytic type. 

In addition to the anaemia, marked changes are present in the 
liver, spleen, and bone-marrow. In the liver, areas of degenerafiuii 
and central necrosis are found around tlie hepatic veins. Li the 
centre of the necrotic areas a yellow pigment resembling haernosiderin 
is present in abundance. The spleen is invariably enlarged, and 
also contains necrotic areas with pigment in the pulp, but tiu‘ 
]\Talpighian bodies themselves are not affected. The lymphatic glands 
contain large macrophage (uidothelial cells studded with rod-shaptnl 
bodies. The lesions in the viscera are considered by Strong to be 
due to toxins liberated by the parasite. The bone-marrow shows 
})roliferation, necrosis, and marked phagocytosis of the large endothelial 
cells. Noguchi observed tlie same lesions in monkeys succumbing 
to Bartoiu^lla infection as have been recognized in man — in the s])l(‘en, 
(‘ndotbelial cell liyperplasia and also in the lymphatic glands : in the 
bone-marrow an increase of macrophagocvtes, and in some instances, 
normoblasts. 

Symptoms. — The mmhuiion period of Oroya f(‘V(‘r is about thre(‘ 
weeks. Its onset is insidious and is marked by malaise, soon followed 
by a rapidly developing pernicious anaunia and an irregular remittent 
])yrexia, associated witli very severe pains in the head, joints, and 
long bones. The bone pains are probably connected with the dis- 
turbances in the haunopoietic system. Very often the initial h'ViT 
is like that of a malaria infection, and may l)e the outcome of a double 
infection in a malarial subject. The most severe types resend)k' a 
fulminating typhus and are known as the “ severe fevtr of Carrion.” 
The liver and spleen are enlarged and tender. The aiuemia develo})s 
with great rapidity. The death-rate varies from 10 to 40 jaa* ccait. 
of those attacked, t,he end coming within two or three weeks of 
the onset of the disease. A terminal delirium is often noted. 
In those cases in which verruga ensues, the fever may last three to 
four months. 

Treatment.— Kikuth has produc(‘d a most remarkabk' arseno- 
antimony compound, Sdt. 386 B, which has a selective action for 
Bartonella. The therapeutic index is very high and the margin bdvvecai 
the dosis toleraia and toxica is a wide one. Manrique has reported the 
results in twelve severe cases with intravenous doses of 0*1 -0-3 grm. 
repeated two to three times, and he succeeded in banishing Bartonella 
from the blood-stream and bringing about a rise in the blood-count. 
A total of up to 5-7 grm. of this substance was injected without any 
systemic disturbance being noted. 
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Vekrliga Peruana Stage (Localized Bartonellosis), or 
Eruptive Stage 

Definition.— A remarkablo granulomatous eriiption confined 
to certain parts of Peru and neighbouring countries. It is associated 
with ha3morrhages, fever, and joint pains. The dis(iase was known 
to Pizarro, and is described in Prescott’s “ Conquest of Peru.” 

.Etiology. — Superficially, the lesions of verruga resemble those 
of yaws. 

Rocha Lima, Mayer, and Werner described clilainydozoa like c(;ll in- 
clusions in the verruga nodules and considered them to be the cause of the 
disease. As already related, Nogudii has demonstrated Bartonella bodies 
in ('xperimentally-produced lesions in monkeys. This work has been con- 
firmed by Mackehenie, Weiss, Mayer and Kikuth, who have produced nodules 
in monkeys with human material and demonstrated Bartonella bodies within 
angioblasts or endothelial cells. Verruga is therefore but a local connective- 
tissue infection with Bartonella harilliforinis. 

Strong's (experiments upon monkeys showed tliat by graduated 
inoculation of verruga material he was able to induce an artificial 
immunity. Verruga can be conveyed by inoculation to rahbits and 
dogs, and according to Townsend occurs as a natural infection of 
nativ(‘ Indian dogs. 

Pathology. — Primarily the ])athological changes consist in a 
])ro]iferation of the endothelium of the lymphatic channels, which 
beconui obstructed by ])lasma-cells and fibroblasts, but the structure 
is much more vascular than that of yaws, which it otherwise resembles. 
The capillary blood-vessels become dilated, so that the granulomatous 
tumours are vascular, almost cavernous, and prone to lileed profusely. 
A feature of the pathological liistology is the formation around the 
Idood-vessels of nodules of angioblasts characteristic of the disease. 
Ihirtonella bodii^s may bo found in the blood-corjuiscles after pro- 
longed search (Mayer), but in monkeys, if the spleen be removed, 
they multiply exceedingly and produce Oroj^a fever. 

Symptoms. — The period of incubation subse(iuent to Oroya fever 
is thirty to forty days, but in those cases in which the initial fever 
is absent it is at least sixty days. The initial stages are characterized 
l)y peculiar rheumatic-like pains, together with fever, the pains being 
ajiparently the same in character as those of yaws, only more severe. 
As in yaws, the constitutional symptoms subside on the appearancci 
of the skin lesion. The eruption, like that of yaws (see p. 618), may 
be sparse or abundant, discrete or confluent. As in yaws, individual 
granulomata may fail to erupt ; others may subside rapidly ; yet 
others may continue to increase, and then, after remaining stationary 
for a time, gradually wither, shrink, and drop off without leaving a 
scar. If there be difference in clinical features between verruga and 
yaws, apparently it is more a difference of degree than of kind. 
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The eruption is ^^vnvnilly described as bcdng of two ty])es, miliary 
and nodular — the former not exceeding the size of a small pea ; th(‘ 
latter, the rarer form of tlie two, less numerous, but consisting of mucli 
larger nodular masses. The miliary eruption, as a rule, is found most 
abundantly on the face and extensor aspect of the extremities, less 
commonly on the trunk (Eig. B7). 

A pink macule first appears, which later darkens in colour and 
becomes nodular. These nodules may be flat or somewhat pedun- 
culated. The V(‘rruga artificially jnoduced in monkeys by injection 
of Bartonella bodies is bright cherry-pink in colour. 

We find no mention made of the occurrence in yaws of fimgating 
li'ranulomata in any situation but the skin. In verruga it would 

S(‘em that tbt‘S(^ vascular h*sions may 
develop on mucous surfaces - in tht' 
mouth, cesopliagus, stomach, intestine, 
bladder, uftaais, and vagina. llenc(‘ 
the dysphagia — a, common symi)tom ~ 
and the occasional occurrenc(' ol 
liaunatemesis, nK'kena, luematuria, aiul 
bleeding from t}H‘ vagina. Belapses 
both of tbe fever and of tlu^ (‘ruption 
may occur. 

In inoculatt‘d monkeys sw(‘lling of 
the lym[)h-glands is an (‘arly and 
constant sym])toni. 

Thc! tendency to sj)ontan(‘ous 
haemorrhage is attributiai to the 
diminished atmos])lieric pressure a I 
high altitudes, for it is said that when 
patients descend to tlu^ lower valleys, 
or to the sea-lev(‘l, tlie ]>ront'n(*ss to 
bleeding ceases. 

The nodular eruptioii is more chronic, than the miliary ; iijdividiial 
lesions may grow to the size of a pigeon’s egg ; th(‘y may h(‘come 
strangulated, and a source of danger from luemorrhage. d’his type 
of eruption does not invade the mucous nuanbram's, and is usually 
confined to the regions of the knees or elbows. It a|)pears in crops, 
and the duration of thc dis(‘ase extends over two or three* months. 

In contrast to Oroya fever, the mortality from verruga is pnicti- 
cally nil. 

Diagnosis. — The appearances of verruga an^ so clijiracti'ristic 
that it is hardly likely to be mistaken for any otht‘r disease. Con- 
ceivably it may closely resemble the framboesiform t*ruption of 
secondary yaws ; it may also be simulated by multiple warts, 
molluscum contagiosum, multiple fatty tumours (Bercum’s disease), 
and, according to Strong, it is closely allied to, if not identical with, 
Bassewitz’s angio-fibroma cutis conscriptum contagiosum. Individual 



Fig. 37. — Verruga peruana. 
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tumours may resembJe a fihro-sarcorna or an angioma. The Oroya 
and verruga stage frequently coexist. 

Treatment. — Very little is known about tlie treatment of this 
('.ondition. Small doses of salvarsan, 0*2 grm. intravenously, have 
b(‘(m tri(‘d with benefit, and intravenous injections of Kikuth’s Sdt, 
88()/^ an? r(‘commeruh‘d. When individual tumours begin to ulcerate 
or l)t‘Come gangrenous th(‘y should b(‘ (*xcist‘d. Dangerous bleeding 
may occur, and styptics or compresses may be re(piirod to stay the 
(‘xcessive loss of blood. 



CHAPTER. X 


THE TYPHUS GROUP OF FEVERS 

Preliminary statement. Althou^li it was foniK^rly confused with 
typhoid fever, typlius lias been recognized since the middle of the' 
nineteenth century as a dis(‘ase having distinctive h^atiires. Tophus 
fever has an almost cosmopolitan distribution ; but it has now comc' 
to be r€a*()gnized that, as in the almost com]»arabl(‘ case of the rtdajising 
fevers, a number of local forms, or varieti(‘s, can b(‘ distinguished. 
The existence of these special forms is probably du(‘ to tlu‘ intluenc(‘ 
of local conditions in some way connected with tla^ various arthropod 
intermediary hosts which convew the virus from one pcTSon to anotluT. 

The classical type of the diseases which is distributeal in tie* 
Paliparctic and Nearctic areas, will be rehTrtMi to as “ triu' ty])ims,” 
and the local varieties by their de'seriptive pseudonyms, such as “ Prill's 
Disease,” ” Fievre boutonneuse,” ” Rocky Mountain Spotted F(‘V(‘r,” 
etc. It has been decided to adopt l\Iegaw's table of classitication based 
upon the nature of the insect vector, and although this forms a con- 
venient basis for future work, it must be taken as })rovisional at the 
presiait time. 

Tvruus Feveks (Meoaw’s CnAssiFre vTioN) 

Typhus fevers 

Fpideinic; Xon-ejudeiuic l\ j)lius 

“ Louse ” typhus | 

(True typhus) | | 

Flea typhus Tick typhus 

(Brill’s disease) | 

Rocky Mountain 
spotted feva'r, etc. 

^riie further subdivision of typhus h‘Vt‘rs has Ixh'Ii niadi' possible' by 
the WciUFclix reaction. This has been (‘stablished as a ti^st for typhus 
since 1916, as a specific serological diagnosis for tnu* tyi)hus in Ennjpe, 
and therefore it could be expected to be positive for the louse-borne 
typhus in other parts of the world. It has been established also that 
this reaction occurs in those aberrant typhus-like fevers which differ 
from the classical type and are certainly not transmitted hy the louse. 

In the present state of our knowledge it suffices to say, as a pre- 
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limiiiary statement, that diseases of the typhus-group are probably 
caused by certain minute organisms, known as Rickeiisia. 

Ikickcttsia are gram -negative bacteria-like bodies, usually less than half 
/I micron in diameter, found intraeellularly in the alimentary canal of certain 
insects and other arthopods. ^Jhere are five named species. The organism, 
originally termed DerMitocentroxeuus rickeltsii by Wolbach, which was 
first des(*ribed by Kicketts, is now known as Rickettsia rickettsii, and is the 
cause of Rocky Mountain fever. Sellards, in 1923, claimed to have cultivated 
the organism of Japanese River fever (tsutsugamushi) in Japan, and lias 
named it Hickettsia orienUilis. In 1916 Topfer described a similar organism 
in lire taken from patients suffering from Wolhynian fever (trench fever), 
and this app(‘ars to be identical with Rickettsia pediculi described by Da 
lte)cha Lima in apparently healthy lice, wJiilst the organism of tremdi fever 
has been alternatively know n as R. quintana and R. wolhynica. The rickettsia 
of true tyiJius is known as Rickettsia protvazeki after its discoverer, von 
Rrowa/x'k, who, like Racot at a later date, succumbed to an accidental in- 
fection. Rickettsia are found in the alimentary tract of blood-sucking and 
in non-bkxKl-sucking insects ; but, probably, they w^ere primarily inhabitants 
of the cells lining the canal. In their morphology rickettsia appear as small 
bacilli or cocci, their arrangement Inung very variable. Diploid forms are 
common and also coccoid forms grouped in dense* masses. W'ith the possible 
exc(‘ption of R. orientalis, they stain well by Oieinsa’s inethwl. Xeme of the 
])athogenic species has been actually cultivated from living cells, though 
practically pure strains of H. proicazeki may be obtained by a methoel of 
intrarectal injection of body-li(re with infective material, anel Arkwright 
anel Bacot in 1923 founei that R. promizeki reinaineel virulent for 11 days 
in louse exenda which bael been kept dry at room temperature. 

Rinkerton has jxhnteel out fnmi the pathological point of view' that the 
two main forms of ty])hus — the louse-borne and the tick-borne — may be 
differentiate‘d by their cellular readions. True typhus, carried by lice and 
fleas (Insecta), is charac terized by invasion of the endothelium and mesothe- 
lium only ly' Rickettsia, producing distension of the cytoplasm of the host 
c(*lls w ithout affecting the nuclei, whilst in guinea-pigs it causes proliferative 
c'ndangitis without thrombo-necrosis. 

In typhus-infected lice and fh*as the Rickettsia organisms are intra- 
cyto])lasmic ; they infect the lining of the gut and are not hereditarily trans- 
mitted. The spotted -fever (jroup, which are transmitted by ticks ( Arachnoidea), 
are characd-CTized by histo-])athological lesions — thrombo-necrosis of arterioles 
and venules. The infeeding organisms (Rickettsia) invade smooth muscle 
cells, endothelium, inesotheliiini and macrophages. 

In tissue culture massive invasion of cell nuclei takes place. In the 
infeeded ticks the organisms are intranuclear as well as intracytoplasmic ; 
they Invade nearly all tvj)es of tissue and are transmitted hereditfirily. 

These types and strains of typhus virus are so closely allied that their 
conversion one into the other could be anticipated. This Mooser, Varela, 
and Rilz (1933) appear to have done. They have devised a method by which 
these epidemic non-orchitic strains can be converted regularly into murine 
strains causing scrotal lesions in guinea-pigs. 

This method consists of daily blood injections intraperitoneally into rats 
inoculated with the virus. The observation is based on the fact that 
Rickettsia prowazeki multiplies only within those cells which come into frequent 
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Disease 

Distribution 

Reservoir 

Vector 

Virus 

Louse-bonie K])i- 
deinic Typhus. 

World -\vid«‘. 

Man. 

Louse 
(Pedieu/ IIS 
hum a n us). 

Rickrttsia 

prou'iizt'ki . 

Flea- borne En- 
demic Typhus : 
Brill’s Disease. 

World '\vid(‘. 

Hat . 

Flea 

(.V. r hen pis). 

U. prawazeki. 

Fievre nautique 
(liOcal form of 
Brill's Disease). 

Toulon and 
Athens. 

Do^. 

I'h*a 

(A', cftcoflis). 

/». prownzt'ki . 

Tropical Typhus 
( Urban (shop) 

“ W ’’form). 

.M a la va, 
Sumatra. 

W. Africa ( ?) 

Tropical rats. 

l'lt‘a 

( A', cfmnp !.'<). 

R. pnucazrki . 

Tick- borne Typhus 
(Hoeky Mountain 
fever). 

X. America, 
West & East 

S()uirrel, 

woodchuck. 

’Pick 

( I). II tidi rsom . 
J). vurinbilis). 

R. nrkr((.‘<n. 

Tick-typhus 
(Fievre bout cm - 
neuse. 

Mediterranean 

ref^ion. 

J)o<r. 

Tick {Hhipi. 

C( })halus sdu- 
(j nine us). 

R. run oil. 

R. ranis. {') 

Tick-bile fe\(‘r 

(African forni). 

S. Africa, 
Kenya. 

Do;^. Small 
veld rodents. 

Tick (P. 
(ippcudicidu- 
liis. lioophi- 
Uis decoloru- 
tus. A III hi 1/- 
(immn Imh- 
rceuiiL (?). 


Tick-bite fever 

(Indian form). 

Kumaon Hills 
(India). 

(V 

Tick (/»'. 
sang ui nr us (i") 
lip (do III 111(1 
aigi/ptiurn). 


Tick-tyj)hus (S. 
American form). 

Brazil. 

Domestic k 
wild dopr. 
Rabbit k 
a^^outi. 

Tick 

( A mhlyorn in a 
caip'.n nr use). 

R. uniziliensi.'f 

Mite-typhus : 
Japanese river 
fever (Tropical 
typhus, 8crub 
‘‘ K ’’form). 

Japan, Suma- 
tra, Malaya, 
Cochin-China. 

Field mice. 
Tropical rats. 

Mite 

{Trornbiculd 

alamushiy 

T. drliensis). 

Rickettsia 

orientalis. 


Felix considers that the viruses of the typhus diseases correspond to various 
types of Proteus. 

XI 9 corresponds to epidemic and endemic typhus, XK for scrub typhus and for 
Japanese river fever. The South American form [are p. 2f>3) dilTers from epidemic 
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Weil -Felix Reaction. 

It. proteux X 

Type X19 Type XK 


Proseril . Only very 

occasionally. 

l‘n‘8cn(. Oonstant. 


Ciinical Neill -Mooser 

Spmptonis. Reaction in i ® 

Fever, Rash Guinea-pigs Nodules 


Present . 


Prcs<*nt . 


Present. 


Present. ('onstant * • r + 

Gangrene. 


Present | Pre.scnt. 

Primary ulcer. 


l*r('sent t Prescuit. 

Priinarv ulcer. 


Present . 


Pr<*sent. 


Pn‘sent. 


Present i Present. h -f f 

IVinmry ulcer. 


and endemic typhus in containing agglutinins to both XI 9 and XK (group agglutinins). 

Additional strains of protons have been worked out and give anomalous results. 
X 2 is one of the original strains of j)roteus and XL a new variety isolated by Dr. Lima 
of\Sao Paulo. “ Q fever ” has been omitted as complete information is lacking. 
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contact with fresh blood. It is concluded that no real difference exists 
between the virus of the historic old-world typhus and the murine new -world 
typhus. Both are considered to be of murine origin. 

The experiment is as follows : a transfer guinea-pig received a daily 
rat-blood inoculation intraperitoncally for six days, and on the seventh day 
the animal showed fever and a typical scrotal swelling with numerous 
rickettsia in the tunica. After a few more transfers through rats this strain, 
which previously had caused no apparent infection in rats, killed them 
regularly between 4-8 days. On further transfers from guinea-j)ig to guinea- 
pig, the strain rapidly reverted to its nonorchitic original sourc^e. It is 
therefore considered that in the mammal, as well as in the insect, llickeiisia 
prowazeki is dependent for its intracellular development on the presence of 
fresh blood, which has come into contact with susceptible cells. 

Cultivation. — The rickettsia liave so far not been cultivated 
with certainty on artificial media, although Anigstein has j)roduced 
certain appearances on growth wliich lead him to supposes that a close 
connection exists between these organisms and Bacillus fusijoruiis 
{see p. 270). Other methods of cultivation on tissue-culture have 
recently been introduced by Japanese workers. It has thus become 
possible to state in a general way that, the disease known as typhus 
has two main manifestations - the first and bet ter-known is true 
typhus — a louse-borne disease of great communicability from one 
pt^rson to another in times of ov(‘rcrowding amongst an unclean popu- 
lation, and characterized by its tendency to tb(‘ formation of epidemics ; 
the second {endemic typhus), a disease })rimarily of rodents which is 
transmitted from rat to man by rat-lleas. This manifestation of 
typlius is, seemingly, not transmittc^d from man to man direct and 
is therefore characterized l)y its tendency to remain endemic, 

1. EPIDEMIC OP THEE TYPHUS EEVEH 

Synonyms.— T^^phus Exanthema ticus ; Tabardillo (MexicoY 

Definition. — An acute fever of abrupt onset, lasting about four- 
teen days, and, if not fatal, terminating about the fourteenth day 
by crisis. The pyrexia is of a remittent type. On or about the tifth 
day there appears a roseolar eru})tion lending to become petechial, 
and spreading from the abdomen over the trunk and extremitit‘S. 
The virus is conveyed by lice. 

Louse-borne typluis has a world-widt* distribution throughout 
Europe, Asia and America. It is found on the North-w(‘st PYontiiT of 
India, and in North Africa north of the Sahara, also on the Belgian 
Congo (Pergher and Casier), and in Cochin ('hina (Jje})iue), as well as 
in Central and South China and Manchuria. 

Geographical distribution. — The dis(^ase has bt‘en (‘radicated in 
peace times from most civilized European countri(‘s, Imt reaj>pears 
in epidemic form in periods of stress and famine, as in the Great War. 
In certain subtro})ical countri(‘s, as in North Africa, it is widespread. 

^Etiology. — True typhus is conveyed by lice {Pcdiculus humanus 
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var. coiyoris and capitis) ; the virus is filterable, and is infective for 
monkeys and guinea-pigs ; it is present in the blood-plasma, especially 
in the blood-platelets, during the first five days of the disease (Bacot 
and Segal). A developmental cycle probably takes place in the body- 
cavity of the louse, which is infective only from the fourth to the 
seventh day after a meal of typhus blood. Infection is conveyed 
through the fa:ces oi the louse and is inoculated by scratching. 
Arkwright, Wolbach, Todd, and others described a minute organism, 
IHcl'cttsia prowazcln, which occurs in the l)ody of the louse, as the* 
causal organism. Anigstein and Anzel (1930) have been able to culture 
th(? rickettsia from the blood on their special medium {see p. 270). 

Wolbach and Schlesinger have found that the virus of typhus survives 
in tissut‘-plasnia cultur(‘s for a length of time corres})onding to the life of 
tin' endothelial cells multiplying in the cultures, and the micro-organism 
can he found in them in large numbers, coccoid, bacillary, and fdamentous 
idrms being not(‘d. Brain-tissue cultures from typhus guinea-pigs have 
prov(‘d most suc(;essful. (luinea-pig’s blood is used as the source of the 
j)lasma, and coHccUhI in parafhn-lined tubes, centrifuged, and chilled. The 
tissu(‘ for culti\'ation is obtained with aseptic precautions and kept immersed 
in Kinger's solution, the j)ieces of tissue for cultures being cut into blocks 
O f) 10 c.mm. in size, transferred to a sterile cover-slip, and covered with 
sterile plasma. On transf(‘rring tissue cultures to fresh j)lasma, pieces of 
tissue are first washed in Kinger’s sc.'hition, and the virus can be k(‘pt alive 
ii’om four to six weeks. 

in 1917 A\eill described a distinctive reaction in guinea-pigs inoculated 
with typhus blocKl. In 70 })er cent, a redness and swelling of the scrotum 
apixaired (com})arable with a similar reaction in Rocky Mountain fever). 
Typical lesions are found in the vessels of the scrotum, hut mostly in the 
(‘ndothidial lining of the tunica vaginalis. In sections of this membrane 
swulkui endothelial cadis, ])acked with liickettsui organisms, are to be seen. 
K(‘cent observcMs now claim that the reaction is not usually positive with 
tru(‘ ty])hus as it is in some of the other varieties. Usually only fever is 
]jroduced without local scrotal reactions. However, the blocxi of the patient 
taken within the first three days of the disease, when inoculated into guinea- 
pigs, produces, altcT an interval of 8-10 days, a characteristic fever. 
Sometimes, however, it fails to do so ; then the virus is concentrated in 
the brain, for an emulsion of this organ in a non-n?acting guinea-pig 
])roduces typical fever w hen inoculated into a second animal, and the animals 
fail to react again when inj(‘cU‘d with typhus blood on a second occasion. 
Noury has shown that the virus (‘an also be easily transmitted by an emulsion 
of the infecU*d spinal cord. 

Pathology. — The blood is dark-coloured, and does not clot ; 
the liver and kidneys show’ cloudy swelling. There is generally a 
moderate enlargement of the spleen, with hyperplasia of the lyinph- 
folli(d(‘s ; the substance is soft and dililuent. Bronchial catarrh is 
generally present, with hypostatic congestion of the lungs. There 
are no changes in the lV* 3 H?r’s patches ; the mesenteric glands are 
not affected, tyj)hus being thus differentiated from typhoid fever, 
d'he eruption is due to a localized necrosis of the walls of the smaller 
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blood-vessels, with local collections of lymphocytes and plasma-cells 
in the adventitia. These nodules, whicli are characteristic, are found 
in the brain and viscera, as well as in the skin. The essential lesions 
are due to a phagocytosis by the vascular endotlielium, followed by 
necrosis of these cells. 

Symptoms. ^ — The mcuhation period varies between four and 
fourteen days, twelve being the average. The period of onset lasts 
about two days, during which time the pati(3nt may experience 
headache, nausea, giddiness, etc. Occasionally, in fulminating c,as(‘s 
general convulsions occur, passing into delirium. On the third day 
the temperature rises suddenly to 103° or 104° F., the face becoming 
congested, the eyes suffused. (Chart 12.) There is a peculiar stupor- 
ose, drunken look, such as is not found in any other disease — except, 



}) 0 ssibly, plague. The njouth becomes foul, the tongue (‘oated with 
dense browm fur, the breath offensive. Epistaxis is frcMpient in some 
epidemics, and vomiting may be a distressing feature. For the next 
twelve or fourteen days the temperature remains raised, with slight 
morning remissions, and the urine shows a faint cloud of alVnimin. 
As a rule the urea and chlorides are increased in amount. 

The rash appears on the fifth day, first upon the a]>donaui ajid 
inner aspect of the arms, spreading over the chest, back and trunlv, 
rarely involving the face ; it is generally jdeomorphic. The term 
“ mulberry rash ” has been used to describe the features of the 
exanthem, but it really consists of roseolar macules, together with a 
fine irregular dusky mottling underlying the epidermis and generally 
termed “ subcuticular mottling ” ; it may become 
involve palms of hands and soles of feet. (Plate IX, Fig. 3.) Ex- 
ceptionally the rash, instead of being a mixture of pur[)le and copper, 
is bright red ; it may be haemorrhagic. It fades slowly and may 
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persist for ten days. After the appearance of the rash, prostration 
and cardiac weakness become pronounced. 

In brown- or dark-skinned natives, a typhus rash may be very 
dil’licult to discern ; to make the subcuticular mottling visible 
thorough cleansing of tluj skin and a good strong light are often 
necessary. Congestion of the arm by means of a tourniquet may 
render the pc'techial spots more distinct, a method which has bc'en 
practised with success in the early diagnosis of the rash in Euroja'ans. 
In natives the rash is often most pronounced round the umbilical region. 

AVlien a tyj)hus epicbmiic attacks an isolated population, as for 
instance in a descTt oasis, terrible complications due to sej)sis and 
neglect may ensue ; in such circumstances terminal broncho-pneumonia 
is very common. In the survivors from an attack there may be extnant* 
emaciation, as well as implication of the nervous system— ataxia, 
viok^nt tremors, mania or dementia. Abortion in pri^gnant women is 
common. The young and the aged readily succumb. Ikirotitis and 
noma an^ fre(|uent complications. Kelapsing feviT and typhus may 
often coexist. Constipation rather than diarrhoea is the rule, and the 
mouth becom(\s vt*ry foul, the lips and teeth being covered with sordes. 
Bedsores are a frequent c<uuplication. 

On th(‘ ai)})earan(a‘ of the rash then* may l)e signs of bronchitis, 
and, the mental lethargy becoming more pronounced, the patient 
sinks into the “typhus” state. Cerebration is slow; hands and 
tongue an^ tremulous ; the patient is dii'licult to nuise, and emits 
nn odour which has been comj)ared to “ gun-washings,” or that 
emanating from a cupboard containing well-blacked boots. The 
odour may not always be distinguishable. In the second week a 
low niutt('ring delirium supervenes, and the S(‘cretion of urine may 
be diminished or even suppressed. The spleen may be enlarged. 
C)ft(‘n symptoms of cortical irritation, such as mmcular twitchings 
and incontinence of urine, may be observed. 

As the fourteenth day approaches, signs of im})rovement may set 
in and the tenipt^rature suddenly fall by crisis, or sometimes by rapid 
lysis. If a fatal issue is to ensue, it generally occurs about the twelfth 
or fourteeaith day, or latiT, when the? teunperature is subnormal, from 
(‘xhaustion or cardiac failun*. The blood picture shows nothing 
detlnite, though tlau’e is usuall}' a modt^rate leucocytosis of 12,000 
to 15,000. 

During conyalescence the greatest care should be taken against 
exciting the heart. 

Diagnosis.- Typhus in earl}^ stages is a})t to be confused with 
measles, typhoid, relapsing, or cerebro-spinal feyer, or with subtertian 
malaria. In an epidemic there is rarely any doubt. The more 
gradual onset of the fever and the less marked stupor, together with 
a negative haunoculture, ditTerentiate typhoid. The other conditions 
mentioned which jnay simulate typhus may be readily differentiated 
17 
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hy laboratory diagnosis. It is said that plague presents the same 
picture of alcoholic-like intoxication as does typhus, but in the former 
there is no rash. Influenza of acute onset, such as the epidemic of 
1918, may simulate typhus in its early stages. The rashes of Japanese 
river fever and of the spotted fever of the liocky Mountains have 
many features in common with typhus, but dilliculty in diagnosis 
is liable to arise only in the restricted areas in which those fevers occur. 

The Weil-Felix reaction, first discovered by Wilson of Belfast, is a very 
real aid to the diagnosis of typhus. A bacillus. Proteus vulgaris, now termed 
X 19, originaUy isolated from the urine, where it was originally regarded 
as a contamination, possesses in emulsion the extraordinary property of bc*ing 
agglutinated by typhus scrum as early as the fifth day of the disease. The 
test may be performed in test-tubes by the progressive dilution method, or 
with Carrow’s agglutinometer (p. 1036). By the latter method an agglutina- 
tion of 1 : 20 may be regarded as diagnostic. The maximum agglutination 
results are obtained from the eighth to the twenty-first day ; a titre of 
J : 2500 has Ixien recorded ; the reaction may be obtainable for sixty days. 
Occasionally typhus serum may co-agglutinate cultures of B. ii/p/iosas. 

The appearance, in the blood of typhus cases, of agglutinins specific for 
X 19 is not accompanied by the formation of sj)(‘cific immune bodies, though 
the latter are produced when a normal })erson is injected with cultures of 
X 19. Using an emulsion of this organism as an antigen, a positive complement- 
deviation reaction may be obtained with the scrum of the inoculated 
subject. 

There is little evidence, either from systematic blood- and urine- cultures 
during life, or from the organs post mort-ein, that this bacillus {P. vulgaris), 
which can be cultivated in artificial media with (^ase, is the a‘tiologiciil factor 
in typlius, but it most certainly must be regarded as a specific response of 
the infected organism to one of the biological phases of rickettsia organisms. 

This reaction is now recognized as a specific serological diagnosis of true 
typhus, and its value has been realized in Mexico, Chile, Argentina, Peru, 
and Indo-China. The majority of typhus-like fevers will also agglutinate 
this organism. In the course of time serological variations of the original 
X 19 proteus strain have arisen, as for instance, the XK strain (Kingsbury), 
which has been found specific for the serological diagnosis of the rural ty^x^ 
of tropical typhus. 

Isolation of B. proteus . — According to Felix, this organism can be isolated 
from the blood and organs in typhus. Ten cubic centimetres of blood is 
taken in the first few days of the fever into each of 5 or 6 small tubes ; the 
blood is allowed to coagulate and the serum poured off till the ciut is free. 
Some of the tubes are put into the incubator at 37"^ C. Loopfuls of blood are 
taken daily from the centre of the clots and inoculated on to serum-broth 
and serum -agar. This process is continued for ten days and then the broth 
is poured into the tubes containing the blood-clot, and they are incubated 
and sub-cultures taken for several weeks. 

From the urin ^ — This is collected in sterile tubes, centrifuged, and the 
sediment washed. Loopfuls of this are inoculated into serum- broth tubes 
and into serum -agar and incubated. 

From the organs . — Small portions of organs obtained post mortem are 
placed in sterile tubes, and loopfuls of these removed from day to day and 
inoculated into serum-broth tubes and incubated. 
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An intradernial test has been devised by Giroud (1938). The serum of 
the patient is mixed with a definite dose of the virus (an emulsion of the 
tunica of the guinea-pig infected with the murine strain) and injected into the 
skin on tlie inner surface of the thigh of the rabbit. A mixture of normal 
serum is used aft a control. If the patient has, or has had, typhus, no reaction 
will appear, whereas on the control side a marked reaction o(;curs. 

Treatment. — As there is no specific drug for typhus, special care 
must be devoted to nursing. Strict attention must be paid to the 
hygiene of the mouth. Tlie recumbent position is absolutely essential, 
lied sores sliould be guarded against. It is equally essential that the 
{latient have as much fresh air as is possible. Stimulants must he 
given to maintain the cardiac action, the favourite being port wine ; 
but care must be exercised that it is not given, as is so often the case, 
in excess — 8 oz. in the twenty-four hours is sufficient. Tincture of 
digitalis, digitalin (gr. i), or digitoxin (digitaline crystallisee, gr. 
ar(‘ indicated as cardiac stimulants. Lumbar puncture may be em- 
ployed f.o ndieve flu* delirium and other cerebral symptoms ; as a 
rul(> there is excess of pressure in the cerebro-sjiinal tiuid. There are 
no special pn^cautions with ngard to diet, which should be nutritious 
and easily digestilile. 

Scrum frcdtmcut has been introduced in epidemics in Boutliern 
Jtussia by Asheshov. ddie serum itself is obtained from patients 
during convalescenci' after the temperature has been normal for a 
period of four to eleven days. When injected in doses of 20-00 c.c. 
it is said to mitigate the severity of the synqitoms, thougli it does 
not shorten th(‘ course of the disease. This method is applicable 
to a limited number of cases during an epidemic. 

^liihlens reports that two intravenous injections of uovasurol 
(\ c.c. of a iO-per-cent. solution) appear to cut the fever short. 
dduTe is some evidence that sulphanilamides exert a therapeutic action. 

Prophylaxis.- This consists almost exclusively in the destruction 
of body-lice. The body should he shaved — including the pubes 
and axilhe — and tlie hair of the head cropped. After a cresol bath 
the underclothing should be smeared with a preparation consisting 
of unwhipped na})ht haline 4 parts, soft soa]) 1 part ; but whenever 
possible all clothing, including blankets and bedclothing, should be 
disinfected, preferably by dry heat. To kill lice and their eggs with 
certainty, a temperature of .55° C. for 80 minutes, or of 60° C. for 
15 minutes, is required. Disinfestation of clothes on a large scale 
may be accomplished on the railway in luggage vans, by closing the 
doors and turning on superheated steam from the engine. The use, 
under field conditions, of the Serbian barrel, in which the clothes are 
saturated with steam under pressure from water within the barrel 
itself, is a practical method. In default of steam, ironing of the seams 
of the clothing has been found useful. Soaking in 2-per-cent, lysol, 
or in dettol, destroys both the pediculi and their eggs. 

Prophylactic inoculation . — Several methods of active immunization 
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against louse-borne typhus are at present in use in various parts of the 
world : 

(1) Vaccine prepared from the contents of the intestine of infect('d 
lice (killed virus) is known as Weighs method, and caji ho obtained 
from Trofessor II. Weigh Institute of General Biology, Lwow, Boland. 
Also from the Director, State Institute of Hygiene, Warsaw, Boland. 

(2) Vaccine made from rickettsiic of the miiriiK' ty]K' of typhus 
virus, grown either in the rat, or in tissue-cultur(\ is recomnu'nd(Hi by 
Zinsser (killed virus). It can he oldained from Brolessor Hans Zinsser, 
Harvard University Medical School, Boston, U.S.A. 

(8) Vaccine containing living attcamated \'irus (»f the murine type 
(Nicolle and laiigrd). It can he ohtaimal from th(‘ Din'ctor, Institute 
Basteur, Tunis. 

The most efficient is undouhtiHlly Weighs vaccine, lait it is difficult 
to prepare in large (|uantiti(‘S. Sliahin has published (1985) the results 
of inoculation of 1S8 persons with this vaccine; only two showed a 
rise of temperature and Jio cases of tyjdius occurred in those inoculatfal. 
Nicolle and Laigret describt* their vaccine which is made* from the virus 
obtained from ground-up brains of infecttal guinea-])ig and rats. The 
material is emulsified in egg-yolk and suspended in oil. Of 110 jtersons 
who were inoculated all were found to be subserjiuaitly immune to a 
test dose of the historic virus. 

Blanc (1986) states that 11,216 persons liav(‘ been \ accinated with 
living bile-treat(‘d ty])hus virus by hijiiself and his colleagues. Tla^ 
injected guint^a-pigs ar(‘ kilksl on the spot. Kmulsions are mad(‘ from 
th(> tunica vaainalis, s])l('en and suprarenal glands. ()\-la*l(‘ in a strength 
of 5 per ceiit. is added to tht‘ emulsion and allowed to act for tift(‘en 
minutes : then 1 c.c. of the vaccine is inoculati'd imder the skin. 

The material obtained from one guinea-pig suffic(‘S to inoculate a 
thousand persons. Out of 8,284 })ersons inoculat(‘d in one day, three 
developed a fever in the lirst twenty -four hours. No cases of typhus 
w^ere noted amongst those thus inoculated. 

H. FLEA TYBHUS— BEILL’S DISEASE OB 
ENDEMIC TYBHUS 

Described originally by Brill in New York, this form of ty})hus 
was looked upoii as a particularly mild or “ larval ” form of the 
epidemic or true typhus ; but it was sporadic in nature and is delinitely 
not carried by lice or spread in a manner peculiar to louse-borne typhus. 

From 1912 onward it has been shown that between the virus of true 
typhus and that of Brills disease a eross-iininunity exists, so that the latter 
came to be regarded as the inter -epidemic form of true typhus. It has also 
been shown that lice can be infected by anal injection with the virus of Brill’s 
disease by Weighs method and that rickettsia apjK'ar in the cells lining the 
midgut of these insects, exactly as occurs in true typhus. On epidemiological 
grounds the association of endemic typhus with rats and grain stores was 
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siipjgcisted by Hono (1922) in Australia, and again by Maxcy (1926) in Ainorica ; 
in 1931 exporitnental proof was provided by Mooscr, and by Dyer and his 
collaborators, that the* rat was the reservoir and th(i rat-lleas {Xenopsyfla 
astia and X, chr.ojjis) were the carriers of the virus. Rats were collected 
from tlie areas where numerous cases of endemic tyj>hus had occurred. On 
chloroh)rming them, the fleas were collected, emulsified and injected intra- 
j)eritoncally into <.!;uinea-])igs. After four days’ in(;ubation-i)eriod these* 
animals n'aeted w ith fever and swelling of the testes, and exactly the same 
reaction follow s i?i jection of virus of epidemic typhus (Xeill-.Mooscr reaction). 

In the same y(‘ar .Moos<t, (histaneda, and Zinsser in Mcxicf) demonstrated 
the j)r<'senc(‘ of endemic tv]>hus virus by injecting guinea-})igs w ith tlu* brain- 
emulsion of rats (viiight in tlie endemic area. Also Dyer and liis (rollalxavitors 
demonstrated that .V. rhffijtis fleas become infected when ferl upon inf(*cted 
wdiite rats, and can con\’ey the infection to other rats, and further, that the 
virus multiplies in the body of the flea, and that the fa*ces of this insect are 
infectiv(‘ and Kickettsia bodies can be demonstrated in them. Rrurnyit and 
other w()rk(‘rs in Kurope (1932) have confirmed Dyer's results. Zinsser has 
shown that the classical, or fnunnu rini.s, and the rat virus are two vari('ti(*s 
of the sam(* speeit's which resembk* one another in their antigenic prop(‘rti(*s, 
but are iiot i(l(*ntie;« !. He has never succeeded in transforming prntKUtrnt} ij 
the classical human virus into the rat virus. 

Appar(*nfly JRalTs disease is eoinparatively eoniinon in Ralestine. 
During 1927 tiuTe wen* 85 eases with one d(‘ath. Most of flie })atients 
came from the farming population. 

It may be asked why this form of typhus does not spread as plague 
do(*s, eonsi(l(*ring the close connection l)etw(*en the rat and jiian. Tho 
answer is that tla^ virus does not remain active in the rat for many 
days and that this animal do(‘S not dir of the disease as in B. prstis 
iidections, h(*nce the Ilea po])tdation is not forced to seek an alternative 
host as in })lague. 

The relation oj endeviic to epidemic typlnis can now be explained 
by the experimental wnrk recorded above. Louse-borne typhus 
spreads in ('pidemics directly from man to man, as no other animal 
host is necessary. The infected lice are dri\ en from the body of the 
infected })erson either by the high temperature of the body or by the 
death of tlie patient. 

The lice in epidemic typhus have been shown to be heavily infected 
with rickettsia, but the X. cheojris lioa in endemic typhus does not by 
any means show such a heavy infestation. 

The difference in the vectors of these two diseases also probably 
accounts for the fact that true typhus is a disease of the tvinter months 
and of crowded and insanitary peoples, whereas Brill’s disease occurs 
in warm weather, is not associated with crotvded humanity, and is 
definitely associated with rats. 

Other forms of typhius resembling Brill’s disease have been described 
in Australia and in North and South Africa, whilst the ship-fever of 
Toulon {fievre ^lautupie) a{>pears to be a local form of it. It is also 
possible that tho forms of trench fever with a rash wTiich was definitely 
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transmitted by rickettsia-iiifocted lice {E. quinfana) come into this 
^roiip. It has been pointed out that in trencli-fever-infected lice tlie 
rickettsia were found lying free in the lumen of tlie alimentary canal 
and were not enclosed in the epithelial ccdJs lining the juidgut as are 
the rickettsia of true typhus. 

The particuliir variety of tro})ical typhus {see p. 269) d(‘scribed by 
Fletcher and his collcMigues in Malaya as the url)an type (VV. form) 
occurring in towns, and spreading amongst- those engaged in the grain 
trade, probably belongs to this same group. 

III. TICK TYPHUS {Fibre -- TICK-IHTU FEVER 

Synonyms. — Marseilles fever : Eruptive fever : fievre exanihe- 
rnatique ; Tick-bite fevers, South African, Indian and South American 
forms. 

First described by Conor and Bruch in 1910 in Tunis as ''fievre 
boutonneiisef tliis typhus disease has been known to occur on the 
Mediterranean littoral and was later shown to exist also in i\larst‘illes 
and many other districts in Southern France, as w(‘ll as ir] Italy 
(Carducci), Portugal, Spain, (ireec(‘, and Roumania. It has now Ixmmi 
reported by Blanc from the (iuinea Coast and by Peltier, Carri^re and 
others from Senc'gal, while Uordon and Davey (1966) hav(* (]iscover(‘d 
a form in Sierra Leone. It was formerly thought to be Brill’s disc^ase, 
Imt can be differentiated from it on clinical grounds and also by th(‘ 
Weil-Felix reaction, whicli wais at first considerc'd to be negative in 
fievre bouioimeuse. The distinctive features of this fever are that the 
virus is transmitted by the common dog-tick, EJii picephal us sanguineus 
(Durand, Conseil and Brumpt, 1930), and that the dog constitutes the 
reservoir of the virus, for these animals hav(* been show'n to be suscej)- 
tible and th(‘ir blood has been ])rov(‘d to be inhH;tive both for man and 
monkeys (Durand). Another distinctive feature is tla' appearance of 
the primary son* at the site of the infecting tick- bite, whicli becona'S 
gangrenous and is known as “ f/iche noire ” ; it varies in size from a 
pin’s head to a ])ea, and it is not usually yiainful. Lymphangitis 
subsequently occurs, and this j)henomenon is comparable with that 
seen in tick-bite fev(T in South Africa (Troup and Pijper, 1931), and 
in Japanese river fever. Frimch investigators have hesitated to 
include it in the typhus group on the grounds that the Wei!-Felix 
reaction — XPJ — is negative, and nuictions in the inoculated guinea- 
pigs differ. 

The NeilLMooser reaction in guinea-pigs has not been obtained, 
but in 1932 Caminopetros, in Greece, showed that, if an emulsion of 
infected ticks is injected into guinea-pigs, these animals react in the 
same manner as when an emulsion of infected V. cheopis Ileas are used 
in Brill’s disease, i.e. fever and scrotal reaction. It has further been 
shown that the Weil-Felix reaction XPJ is really positive, and that 
the virus of Brill’s disease does not protect a monkey from the virus 
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of Marsoilles fever and vice versa. So it can be definitely stated 
that “ fihvre houtonneuse ” is merely a local variety of tick -borne 
typhus. 

Tick-bib^ f(*vor was originally described in South Africa by McXaught 
in 1911. It has been redescribed by Pi j per and l)au in Pretoria in 
1934. This form closely resembles houtonneuse, but is conveyed 

by larval ticks — Aviblyonima hebranuti, Iihiyicephalus appendiciilatus 
and lioophilas decoloratus. 4’he small t icks climb on to grass and attach 
tiiems(‘lv(*s to man or animals and, being veld dwellers, are therefore 
not found in houses or on domestic animals, and in this respect the 
dis(!as(‘ resembl(‘s Eocky Mountain f(‘ver. Eickett^ia can he demon- 
strated in the .Malpighian tubules of inft^ct(?d ticks, whilst an emulsion 
produces the diseases in man and animals, and a rising titre of 
agglutination for Proteus-X strains. In nature, infection is conv(‘yed 
by tick- bite. 

Two forms of this feviT an* met with the inild, or abortive, and the 
fully-d(‘veloped form. In the first, the only symptom noted may bo the 
j)resence of a primary sore at the site of the* bite, accompanied by a 
local lym})hangitis. In tla* fully-developcal form the fever lasts for 
eight to ten days, with a ])rimary sore, sev(*re la^adache, appearance 
of a rash on the fifth day, stithu‘ss of the neck, and conjunctivitis 
(Plate VI II, 3). 'riiis fully-developed form has been confused with 
UKUiingitis, with nu'ask'S and with tyjdioid lever. 41ie serum reactions 
are not (]uit(‘ clear-cut ; tluTi* is a didinite W(‘il-F(‘lix r(‘action to all 
three variations of Proteus X. In most cases O.XK was agglutinaE^d 
in a higlu'r titn* than 0.X19. (iuinea-])igs inoculated intraperitoneally 
witli [)atit‘nt’s blood responded by a h'brile reaction and slight scrotal 
sw(4lings. I'hey became immune to the virus of epidemic typhus, 
dear and Eevan have reported similar cases from Johamusburg, and 
this is apparently also the form of sporadic typhus found in Kenya, 
dear and Douthwaite regard the dog as the reservoir of infection in 
(’a[)e Colony, and suggest that the dog-tick Hcefuaphysnlis leachi may 
act as a vector in that district. 

In India, McKechnie in 1911 described a mild sporadic form of 
ty})hus in the Kumaon Hills in the North-West Frontier district, and 
in 1916 Megaw himself suffered from an attack which he attributed to 
th(5 bite of a tick. Since then, others have been described by Stott 
(1935) in Lucknow. The serum agglutinates 0.X19 in a high dilution. 
Idle exact species of tick vector is unknown. 

Similar tick-borne typhus eases have been described by Hone in Australia 
(1922), by Maxey in the United Statens. The distribution of sporadic tick- 
borne typhus thus appears to be a very wide one. 

South American form. — A form of tick typhus apjx'ars to be quite common 
in Brazil, and apparently resembles fiivre houtonneuse. The rat is again the 
reservoir of the virus, as has been described by Montiero. He has succeeded 
in transmitting the virus through the tick Amhlyomnm cajennense, and has 
produced intraocular lesions in guinea-pigs and monkeys b}^ the injection of 
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the virus from the blood ; and it has been possible to demonstrate the presence 
of Rickettsia in the endothelial cells of Desceniet’s membrane. Fialho (1932) 
states that in this form the Wcil-Felix reaction with X19, X2 and XK is 
usually present in low dilutions. 

Dias (193S) states that the natural reservoir hosts are the opossum, the 
domestic and wild do^ {CanLs the wild rabbit (Silrihufu-s 

'fninensi,^')y and the agouti {Dasyprocta). Vectors are several sp(‘cics of 
Ar}iblyo7n7n(t, viz., A. caycjDicnse.^ A, striatum and A. brasUumsc. 


IV. TICK TYPHLlS^liOCKY YOCX'rAlN SlTYrTKl) FKVEU 

Synonyms. — llocky ]\Ioniitain Fever; lUack Fever; lUiie Diseasi'. 

Definition. — A s])ecitic lever supervening on tin* of ticks - 
Demuiceiitor andersojii (and 7>. V(iriabilis) — and rest‘nd)ling, synij)lo- 
inatically, classi('al typhus. 

History. — For upwards of forty years a peculiar diseast', variously 
named “ spotUal fever,” ‘‘ blue dis(‘as(\” " black tevcT,” had biaai recognized 
as (uidemic in limited districts of Montana, Idaho, and A\\voming, America. 
Wolbach described in 1919 a rickettsia body as the gca in -cause of the diseast*. 
In 1906 King ascertained that the disease su]>ervencd on the bit-(‘ of 
D€7'77mc(‘7itor a7i(lersoiii (1). rcjntstus)^ (Fig^^- -90, 2tM, ])p. 970, t)77). In th(‘ 
eastern bordtuvs of its range the vector is J). iririahiHs (the common dog-tick 
of North America). 

Geographical distribution. — Tiie disease' has Ix'en report e'd 
from several of the western states of tlje Amt'riean Union — Idaho, 
Montana (Bittt'root Vallejo), Vyoniing, Utali. Nevada, 0r(‘gon, 
Colorado, and Wasliington Stat(‘s. Rt'caaitly it lias hei'ii reali/(*d tliat, 
it is S})reading eastward and is now r(‘])orted from Nhjrth and Soutli 
Carolina. It is believi'd to occur also in tlie Alaska Territory, and in 
1916 was definitely jiroved by Kelly and (hnnming to exist in North 
California. It is found princijially in valleys and near thi' foothills 
of mountains in sharjily defim'd and limited anais. It atta(d\S any 
age and either sex, and is not directly contagious. 

^Etiology. — The evidence is now conclusive that the germ {liickeilsia 
riclcettsii) of Rocky Mountain iV'ver is introducc'd by the bite of /). 
andersoni, locally known as the “ wood- tick.” It is only the adult tick 
that attacks man [see p. 976), who is very susce})tibl(‘ to infc'ction, as is 
shown by the numlx'rs of scientists who have fallen victims to it 
(Rrumpt in Ikiris became accidentally infect tul with this virus in his 
laboratory). Tin? Rocky Alountain goat, the dona'stic; sheej), black 
bear, coyote, l)adger and lynx also servo as liosts to the adult ticks, 
but the larval and nyjnph stages develop principally on tlie ground 
squirrel, Citellus coluinbimius, and tlie woodcliuck, Marmota jlariventer. 


* The names D.ve-JiushiaanniX 1), andernoni r«-*f<;r to the sanu* spocirs. Tho (JifTerenues in tlie 
mnnenclature of the tick used by various authors have resulted in a f^ood d(‘al of confusion. 
D. raticulalm and D. occidentalism apparently distinct species, have at various times been 
incriminated as carriers of the infectu>n. /). mriabilia is the eastern representative. 
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Tlio (lisoiise occurs in spring months (March to July) at a time when 
/). andersoni and /). variahilis are prevaleni,. 

The Columbian ground-squirrel lives amongst birch woods where it digs 
its burrows. It hibernates in winU^r and apparently in this state harbours 
the virus of Ko(^ky Mountain fever. The woodchuck is really a marmot 
and is about 2 feet in length. It hibernates in deep burrows over 50 feet 
in length during the winter. 

Wolbach noted small bodit*s staining with <demsa in the endothelial cells 
of th(‘ blood-V(‘sscls and in the testes of man and of virus-inf(‘C‘te(l guinea-])igs, 
as w(‘ll as a general distribution of the rickettsia organisms in the bodies, 
salivary glands, and eggs of inlected ticks (Df'rnidrf'ntor). Two morphological 
types are recognized : one a lanceolate diplococcal organism found in the 
circulating blood as well as in th(‘ endothelial cells, and c(mtaining chromatin- 
staining substanc(‘ ; the other staining blue, and rod-shaped. Originally 
known as I fcrnKiccnlroxcn us rirkdisi, the organis?]i is now known as Rickettsia 
rickettsii ( f'ig. 3S). Jii (amjunction with Sclilesinger, M'olbach has cultivated 
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the organism in the tissue-])lasma of guinea-pig testis, when numbers of 
tilamentous forms of the organism tlevelop in tlK‘ endothelial cells of the 
vessel- walls. 

Noguchi cultivated from the intestinal tract of D. andersoni a bacillus, 
B. rickettsiformis, which resembles the pathogenic Rickettsia. 

According to llickctts, the virus is easily inoculated into man, 
and can be [)assed through an indefinite series of monkeys and guinea* 
})igs, giving rise in them to the characteristic symptoms, in which a 
scrotal swt‘lling is held to he pathognomonic. Immunity is conferred 
u[>on these animals, showing the close relationshi}) of tlu* typhus 
groLij). Dyer has demonstrated tliat a crossed immunity exists between 
the virus of the South American tyjihus, Itocky Mountain fever, and 
the virus of fievre hoiitonneuse (Badger). The larva, nymph, and 
adult male and female tick are all of them ellicient intermediaries for 
tla^ })arasit(‘. Dyer and others have shown that the rickettsia is 
transmitted through the (‘gg of the infected tick to the larva in a 
luTeditary manner. Bicketts suggested— seeing that in one place 
(Montana) the cas(‘-mortality in man is as high as 90 per cent., whereas 
in another place (Idalio) it is only 5 per cent.— that tluTc were two 
difftTent speci(‘s of tick capable of carrying the infection ; in the former 
instance it is 7). andersoni, in the latter V. vnriabilis. The proportion 
of ticks infected under natural conditions is small — only 1 in 296 in 
Ricketts’s exiieritaice. 
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In conformity with the seasonal prevalence of the tick, the disease 
in man is most frequent in April, May, and JuneA 

Parker (1933) has shown conclusively that under natural conditions 
the infection is kept going amongst susceptible rodents by D. mriahihs, 
the dog-tick, and Hceinaphysalis leporis, the rabbit-tick. The latter 
does not bite man. After the ticks have fed there is a period of 
invasion which may last 12 days : the blood virus becomes changed 
into the “ tick virus.'' 

Pathology. — Post mortem, in addition to tlie skin lesions, there 
are marked hypostatic congestion of the lungs, subserous pet(‘chia\ 
softened myocardium, enlarged firm spleen and lymphatic glands, 
fatty degeneration of the hepatic cells, and congestion of the cortex 
of the kidneys. Constant lesions, both in man and in animals, are 
haemorrhages into the genitalia ; gangrene of the prepuce and scrotum 
are often noted. Proliferation of the endotlieliuin of the arteries and 
veins of the skin and subcutaneous tissues, with accumulation of 
rickettsia bodies, is a feature, the cells taking on phagocytic propertii'S 
and ultimately becoming necrotic. There is a perivascular mono- 
nuclear infiltration, as in typhus. 

Symptoms. — A short period of malaise is followed by chills, which 
are repeated with diminishing severity at irregular intervals through- 
out tlie attack. By the second day the temperature has riscai to 103° or 
104° P., and by the fifth day to 105° or 107°. A ty])hoid-lik(‘ condition, 
with low muttering d(4irium and semi-consciousness, is rapidly d(‘- 
veloped. If the patient is to recover the temperature begins to fall 
about the end of the second week, fever subsiding usually l>y lysis. 

About the fourth to seventh day an eruption appears on the 
wrists, ankles, or back, extending rapidly to the trunk, scalp, hands, 
and feet. At first it consists of minute rose-coloured spots : these 
soon assume a petechial character and, spreading, tend to become 

‘ Tick Paralysis. — According to Hudwcn, the tick, D. andtr,sorii, as it occurs in the dry 
district of liritisli ( olurnbia, Kerenieos, gives rise U) a peculiar form of parapJ(‘gia in sliccp, 
which, directly or indirectly, may prove fatal. In the same district it aih'cls man and f)thcr 
animals in a sinular way. Todd has called atUmtion to this discjiac, of which he has coIUhiUmI 
a considerable number of cases, some of them faUd, caused by the bites of this species as well 
as of HcBmapfifisalis cirntaJxirina. Niittall, w'orking at (’ambridge, Kngland, eonlirmed 
Hadwen’a experiments. He placed one of the ticks received from Hadwen on a healthy dog. 
Twelve days afterwards it became complebdy paralysed in fore and hind legs, and 
gradually recovered. According to these authors, a similar disease is produced in S)\ith 
Africa by the bite of pilmus. 

Pijper and Dau have also described a tick-bite disease in South Africa, and a sit ilar type 
occurs in Sumatra and is known as the pseudo-typhus of Deli, showing a primary ciitaneoiis 
sore with enlargement of regional lymph glands. 

This form of tick disease is manifestly clifTcrent from liocky Mountain fever, as it is 
nonfebrile, is unattended with eruption, and is not comrtiunicablo by inoculation. Possibly 
it is produced by a poison instilled by the tick during haustellation. The wound it niakes is 
very painful, is attended with oedema and, on forcible removal of the tick, with frcH) bleeding 
as if some anti-coagulin had been introduced. Th c sympt^)m8 of the discjise suggest infantile 
paralysis. 

In sheep, the favourite points of attachment of the tick are on the back along the course 
of the spine ; in man, the nape of the neck. 

A somewhat similar form of paralysis is described by Eaton and Dodd as following on 
tick-bite in Queensland, the incriminated ticks being Ixodes riciniis and /. holocyliis. Bancroft 
reported from the same country similarly-caused epileptiform convulsions in cats and dogs. 
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confluent, especially on the more dependent parts of the body and 
limbs. In otla^r instances the spots remain discrete, and are brownish 
or purplish in colour, giving to the surface of the body a speckled 
apf)ear{inc(‘. A certain amount of icteric tinting of skin and sclene 
is also presc'jit. During the third week desquamation sets in, the 
eruption fading as fever subsides. In some cases the skin of the 
elbows, fingers, toes, lol)es of the ears, etc., becomes gangrenous. 

Constipation is usual. The liver is slightly enlarged, the spleen 
markedly enlarged and tender. The scanty, liigh-coloured urine 
may contain albumin and casts. Early in all severe cases there is 
cedema of the face and limbs. Nausea and vomiting set in about 
tlie beginning of the second week, and persist in fatal cases. 
Respiration is rapid. Slight catarrh of the respiratory tract is present 
throughout ; the ])ulse loses in volume as it increases in frequency, 
d’here is but littk? diminution in the blood-count, and only a feeble 
leucocytosis — 12,000 to 13,000 ; the liaDinoglobin is slightly diminished. 

Comj)lications such as gangrene of the tonsils, scrotum, and 
pre])uce are more common in the milder type of the disease, as seen 
in Idaho. One attack of the disease confers immunity, and no instance 
is known of a second attack of this fever in man. 

Diagnosis. — The sudden onset, the joint pains, and the negative 
Widal r(*action ditTereiitiate this fever from enteric ; tb(‘ g(;ogra})hical 
distril)ution is th(' most important factor in <litTerentiating it from 
typhus. It was formerly thought that the Weil-Felix reaction-X19 
was n(*gati\t* (Kelly), but it has now beiui shown that with difl'erent 
antigenic strains of the organisms this reaction becomes ])ositive. On 
injection of infected blood into guinea-pigs the Neill-Wooser reaction 
of sw(‘lling of the testes and scrotum occurs as in true typhus {see 
p. 255), but furtb(‘r investigations are reejuired as to whether any means 
of diftenaitial diagnosis can b(‘ obtained on these lines. 

A differential table is given by Curnming and Milam for Rocky 
Mountain b'VUT and Rrill's disease : 


1 { ( ) C ' K Y I O l J N T A I N 

Fkvkk 

Rural 

History of tick bite. 

Children attacked. 

One or two cases in the same 
family. 

Clinical : 

Sudden onset. 

Fever up to lOT"^ F. — lasts 
we(^ks and ends by lysis. 

Rash on wrists, then general 
including palms of hands and 
sol(‘S of f(‘et. 

Mortality 25 per cent. 


Rhili/s Diseask 
(Endemic Typhus) 

Urban 

ITemises infested with rats. 

Adults and middle-aged. 

Sporadic. 

Onset sudden. 

Fever lo\ver. Crisis end of 
second week. 

Rash first on trunk, flexor 
surface of limbs, rarely on 
face, palms or soles. 

Mortality under 5 per cent. 



268 


TYPHUS GROUP OF FEVERS 


In Colorado a milder form of liocky Momitain fever is known ms 
“ Colorado tick fever ” (Parker, 1987). 

Treatment and prophylaxis. — Li the al)sonce of a sp(;citie 
remedy, treatment must be conducted on general ])rinci|)les, regard 
being bed to the natural liistory and character of tlie disease. 
Intravenous injections of mcrmirochrojne 220 soluble ha\’e heen tried 
in 1 -per-cent, solution. Recent reports from AnaTican sources speak 
favourably of sulphanilamides- Rro/zYo.vf/ nlbuvi — 1*5 grm. daily, in 
controlling the duration and s(‘V(Tity of the fever. Attempts at 
prophylaxis are now being carried out, based on the ahov(^-describ(*d 
mode of transmission. War is being waged on the ground-scpiirrel and 
the woodchuck ; domestic stock and goats are ladng syst^anat ically 
dipped to prevent the spread of and, if ])ossible, to (‘\t(‘rminate the 
tick. It should ])e borne in mind that IK audersoyri does not inf(‘st 
human dwellings. 

Frick, linding that /). andersoni, when placial on th(‘ tl(*(‘ce of an 
unshorn sheep, either dies or remains imimpregnated, and is manifestly 
on an uncongenial host, suggested, in addition to th(‘ measure's just 
mentioned, turning the badly-infected districts into sbeej)-runs. 

d’hose who w'ork in endemic areas should provide tlu'mselves with 
a working costume consisting of one piece ; tlu' trousers should b** 
tucked up inside woollt'U socks, and the sleeves at the wrists si'cured 
with a strap. Tick-bites should be cauterize'd or t'xcised. 

Prophylactic inoculation. — Parkt>r has published thi' results 
of ten years’ observation. Tbe tissues of virus-laden adult 1). andersoni 
are emulsitied in formol-phenol-saline, and for this ])urj)os(‘ 500 ticks 
make 400 c.c. of vaccine. Kach batch has to be standardiz(Hl by 
protection tests with guinea-pigs, and th(‘ dose is estimated at 1 c.c. 
for children and 2 c.c. for adults. It is (*(uicluded that the vac.ciiK' 
has a d(4inite pro})hylactic vahu', and in ’\Iontana thi' inoculated had 
mild attacks and recov('red, whilst the uninoculatcd dic'd. In t('n years 
up to 1934, 150,000 had been inoculati'd, and of these 64 d(welo])ed the 
fever. In the Ritteroot Valley the mortality in uninoculated adults 
was 82 per cent. : in the inoculated, 6-G pe r cent. 


V. MITE-TYPHUS, TROPICAL TYPHUS, JAPAN k:sk: 

RIVER FEVER 

Synonyms. - Tsutsugamushi ; Shimamushi ; Kt'dani Mite Disease; 
Exanthematous Glandular Fever ; Scrub TyjJius, “ K form.” 

Definition. — An acute endemic disease running a definite course, 
and attended with a considerable case-mortality varying from 
10 to 52 per cent. It is characterized by tbe presence on the 
skin of an initial eschar, supervening on the bite of a species of 
Troinbicula, or mite. This is followed by an ulcer, lymphangitis, 
fever, a peculiar eruption, bronchitis, and conjunctivitis. In all 
probability further research on crossed-iraiii unity tests in this, Rocky 
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Mountain fever, and allied diseases will show that they are similar 
in many ways. 

History. — This disease was first described by Palm in 1878, and sub- 
sequently, more fully, by Baelz and Kawakami. Ancient records indicate 
that it has been known for mf)re than a thousand years. In 1925, eases of 
ty])hus fever occurred in a military camp in Kuala Lumpur in the Malay 
States ; these were investigated by Fletcher, who, from a study of them and 
subsequent cast's, was soon able to show that two forms of mild typhus existed 
in the Fedt'iatt'd Malay States. The ont^ was kno\\’n as the urban type 
(W form), which occurs in the towns and spreads among th(‘ j)cople who are 
handling grain, while tlu* t>th(*r form, which is now known as “ .scrub typhus ” 
(K form), occurs in the country, especially on plantations, aiul has a close 
coniK'ctitm with tlie (blearing and j)runing of palm trees. Subsequently it was 
found possible to sej)arate these two diseases serologically. Delbove and his 
co-workers iiave described a similar disease in Cambodia (193S) and in 
Indo-diina. 

llatori })ublished (1919) a very full aecount of the epidemiology, while 
Hayashi described minute intracellular bodies in the endothelial cells 
resembling ricki*ttsia bodies. 

Geographical distribution and epidemiology. — Formerly it was 
thought that tsutsugamushi was confined to the banks of two rivi.'rs on the 
vvt'st side of the island of Xipjion, .Japan — the Shinanogaw a and one of its 
tributaries, and th(' Omonagawa. Every spring these riviu's inundate large 
tracts of country, and later in the year hem[) is raised on strips of th(' inundated 
distri(‘t. Th(' croj) is reajx'd in .July and August, and it is soUdy among those 
engagc'd in harvesting and handling this that the dist'ase occurs. It is not 
communicable by the sick to the luailthy. It now ajipears that the disease 
is w id(‘ly sjiix'ad in Formosa, ami jiossibly in Korea, l)oth among the Jajianese 
settlers and the aborigines. In Formosa it occurs in the highlands as well 
as in the coastal jilains. The epidemic commences in Ajiril and disappears 
in Novmnber. It has now been reported on certain estati/s in Malaya and 
an analogous fever has bet'n described as “ pseudo-tyjihoid " in Sumatra 
by Schiiffner, and is (‘arrii'd by mites, Trombicula ddiotsis. The Mosman 
fever in Xortlu'rn Qina'iisland is of the Siiiue nature, as also in the Philippines, 
Malaya, and Indo-China, when' it is knowui as scrub typhus. 

In IMalaya the urban disc'ase (\V form) is probably the same as Brilfs 
disi ase or endemic t\'[)hus (tlea-borne tyjihus), while in “ scrub typhus the 
actual vi'ctor is a mite. A complete study of this subject has recently l>een 
publislu'd by Anigstein (19.33). In this form it is now’ ]>ossible to make the 
following {lositive stateriK'nts : in contradistinction to what is found in true 
typhus, guinea-])igs and rats inoculated with troyiical typhus (K scrub) virus, 
show' a febrile reaction in only a small y)ro])ortion of cases ; but in those 
guinea-pigs which do not show such a reaction, the specific infection can be 
recognized by a loss of body-weight and by a swelling of the scrotum, while 
rickettsia-like organisms can be demonstrated in the tunica vaginalis of 
experimentally-infected guinea -pigs and rats ( Xeill-.Mooser reaction ). Ka bbits 
and rats inoculatt'd with human, or passage, virus of tropical typhus produce 
agglutinins of the 0 type against strains of B. proteus. The strains of Rickettsia 
isolated from tropical ty})hua can be divided into three groups and members 
of one of the groups show’ biochernit'al properties characteristic of the B. proteus 
group. In most cases Anigstein found that the strains cultivated bore no 
serological relationship to B. proteus, although rabbits and rats, when inoculated 
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with theso strains, developed a positive Weil-Felix reaction. Anigstein now 
regards these strains, including those of tlie B, prate as tyi)e, as biological 
phases of the causal organism of troj)ical typhus. The rt'searches of this 
investigator have therefore brought much more closely into line than has 
been done by previous workers, the association of Rickettsia with typhus, and 
they go far to explain the apparent anomalies of the Weil-Felix reaction. 

The organism of “ tropical scrub ” typhus is regarded as a local variety 
of Rickettsia orievtalis. Wild rats, such as the common urban rat {R. rattus 
diardi), the rural rat (R. rattus jal or en sis) ^ and the house rat (/?. concolor), 
collected from an endemic area, showed in 10 per cent, of cases a ])ositive 
Weil-Felix reaction, and moreover the rickettsia of tro])ical tyj)hus were 
demonstrated in the tunica vaginalis of wild rats in a j)rt)poition of tlu'sc^ 
animals which gave a positive Weil-Felix reaction. It may, therefore, be 
regarded as conclusive that th(> Malayan rat })lays the role of a virus reservoir 
of tropical scrub typhus. L(‘wthwaite and Havoor (1937) have carried this 
matter a stage further, and by means of elaboraU' and exhaustive cross- 
immunity exj)eriments complete proof exists of the identity of scrub ty})hiis 
and Japanese river fever, both by the intraocular and intradt rmal redactions 
in rabbits and in monkeys. 

^Etiology.- The Japanese have always attributed this disease* tn the 
bite of an acarus (locally called akainushi — red insect), the larva e)f TrombiruUt 
akarnushi^ (fe)rmerly incorrectly known as inicrotrombidium akainushi), 
resembling Leptus auturtmnlis of Europe, and popularly kneiwn as tlie' keelani 
mite or '' jiataii ” (Figs. 287, 288, p. 972). Men, women, and ediildre'n are* 
equally susceptible* ; from their oc'ciipatiem it is commeme'r in me*n. New 
arrivals in the endemic districts are said to be s})e‘cially liable*. One attae*k 
fioes not confer immunity, although it may render subsequent attacks le*ss 
severe. 

Scrub typhus is essemtially a place disease, for the infeedion ele)e*s not e*ling 
to man or his surroundings, but is found in the rank ve'getatie>n of ce'rtain 
limited le)e*alities. A striking example has been af}brde*d by an e)il-j)alm 
estate of 3,000 aeTcs in Malaya, where the African (^)il-])alm is cultivateel, 
and where several cases have occurred in almost any month for six years. 
The inlection does not appear to be generally distribuU*d throughout the 
plantation, but is concentrated in those parts where young trees an^ being 
pruned of dead flowers, and the disease is found in those (*oolies whose work 
brings them into close contact with them, while those employ(‘d in other 
work are rarely infected. The vector is thc'refore a mite, as (hiter has found 
that the dead palm flowers are infested by enormous numbers of T. deUensis. 
The ears of rats which live in the infected areas are also infestt d w ith these 
insects {Trontbicula deliensis and T, akainushi). This disease is, however, 
not necessarily limited to oil -palm estates, but is associated also with the 
coarse grass which is usckI as fodder for cattle. The; organism, RicketUia 
orientalis, has now been found in the salivary glands of mites taken from 
infected field-mice. 

According to Kawamura and his co-workers, the blood of patients is 
very infective in the incubation period of the disease. The minimum dose 
capable of infecting monkeys is 0*001 c.c. The infective agent is easily 
destroyed by heating at 55° C. for ten minutes. 

Culture has been effected by Anigstein in a special broth medium ( onsisting 
of diluted Hottinger broth. The patient’s blood is taken at an early stage 

* Also known in Japan as Trombicula coarotata (Berlese). 
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of the disease and is defibrinated by glass beads. The culture tubes are then 
ino(‘ulated with 3-e.c. quantities of the blood, and are afterwards incubated 
at 37 ' C. for 72 hours, and then at room temperature (26'^’-33^ C.) for four to 
fiv(} days. During this period a greyish layer becomes apparent on the 
surfaces of the sedimented blood, consisting of white corpuscles, blood-platelets, 
and juicro-organisms. Most of the strains cultivated from patient’s blood 
c'onsist of rod-sha[)ed organisms of a characteristic structure, and resemble 
Bacillus fnsiformis. These organisms have been isolated from human blood, 
urine, and brain, and also from infected rats and guinea-pigs. That these 

coc'coid ” organisins are a stage in the life-history of Rickettsia is now 
considered possible. 

Nagayo and his co-workers have succeeded in transmitting the virus by 
intraocular itioculation into the eye of a guinea-pig. The inoculum in each 
instance was th(‘ infected aqueous humour. Infective material can also be 
injected into the testicle of rabbits, in which it produces the characteristic 
r(‘action. Xagayo further claims that this rickettsia can be successfully 
cultivated in tissue-culture. For this purpose the endothelium of Descernet’s 
membrane of the eye is used with normal aqueous humour and rabbit plasma. 
The inoculum, too, in this instance, is infectcfi aqueous tumour. The mite 
o(!curs numerously on the ears of the held-vole, Microtus montebelloi, and other 
rodfuits — Mus jenloni, R. rattus rufescens, R. deruinanus^ R. agraius — which, 
however, have iK)t been ibund to be sulfering from any particular disease 
at the time. It also becomes more widely distributed by the agency of a 
small warbku- — Arrorcphalus orientaiis — domestic fowls, a pheasant — 
Phasiauus Jonnosanus — and a quail — Turnix taigoon. The mite will also 
attack dogs, cats, and the buffalo. Its life-cycle has now been worked out 
by Nagayo, Kawamura, and (^tluTs, and it is known to be the hexapod larva 
of Trorubicul/i akanutsfti, a red mite 0-9 mm. in length, living in grass, but 
which is non-parasitic in its habits. Kecent work suggests that the virus of 
tsutsugamushi also occurs in the body-cavity of the adult mite. 

In Sumatra and Malaya the vectors T. dclicfisis and T. schufjneri frequent 
the undergrowtli and long grass known as “ lalang ” in clearings of the virgin 
jungle ; th(‘y have been found also to infest the crow-pheasiint {Centropus 
javanicus) wliich inhabits that kind of eountry. 

T. deHensis is pale ochre in colour ; T. akamushi, bright vermilion. 

Nicolle and Sjiarrow carried out cross-immunity exixu’inlents, and it was 
found that the river-fever virus ])rotected against itself, but not against true 
tvjihus, nor did the tyjihus vims protect against the river virus. In lice 
ipcdirulus) the river virus remains active for seven days aftor the infective 
feed, but cannot b(‘ conveyed by their bite ; on the other hand it remains 
active in fleas (.V. rheopis) lor eleven days and can be conveyed by their bites. 

Pathology. — The lesion at the site of the bite undergoes coagulation 
necrosis, and affects the epidermis, the eorium, and the tissues surrounding 
t he puncture. It is well marked off from surrounding tissues by a boundary 
line. The spleen is generally enlarged, the capsule tense, and the substance 
soft and friable ; not infrequently areas of necrosis are present. The liver 
is enlarged, and shows cloudy swelling on sectitm. The lungs are congested 
and frequently hypostatic pneumonia is present. The bone-marrow shows 
signs of great activity. There is a generalized enlargement of all the lymphatic 
glands, but those in the neighbourliood of the lesion are esj>ecially affected, 
and may attain the size of a pigeon’s egg. The elements most affected appear 
to be the lymphocytes. Areas of patchy necrosis arc frequently encountered. 
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Symptoms.— The person aitaelved by the niii(‘ does not usiiaJly 
notice the biie, and iater onJy feels a prickin*,^ sensation \vjien lie 
happens to toucli the spot. The mite, or niitt‘s, can (easily ]>e seen 
l)j the aid of a strong magnifying gJasSy with their luauls and bodies 
buried in the skin, but only wlien they are earricTS of the diseas(‘ do 
any definite ])a(hological changes take place round tlu* lesicms they 
intlict. After an incubation period of from four to ten days the dis(‘ase 
usually begins with malaise, frontal and tenij)oral lieadache, anorexia, 
chills alternating with flushes of heat, and prostration. Presently 
the patient becomes conscious of pain and tenderness in tlie lynij)hatic 
glands of the groin, armpit, or neck. On inspection of the skin of the 
corresponding lymphatic area there is discovered— usually about 
the genitals or armpits — a small (2 to 4 mm.) round, dark, tough, 
firmly adherent eschar surrounded by a painless livid red areola of 
superficial congestion. Occasionally two or thn‘e such es(?hars are 
discovered. Although a line of tenderness may be traced from the 
sore to the swollen, hard, and sensitive glands, no well-defined cord 
of lymphangitis can be made out. The superficial lym})hatic glands 
of the rest of the body, especially those on the opposite side (!orn^- 
sponding to the glands primarily affected, are also, but more slightly, 
enlarged. 

Fever of a more or less continued iy]^e now sets in, the thermometer 
mounting in tlie course of five or six days to 104° or 105° F. The 
conjunctive become injected, and the eyes somewhat prominent ; 
at the same time a considerable bronchitis gives rise to harassing 
cough. 'I’he pulse is full and strong, ranging ratlior low— 80 to 100 — 
for the degree of fever present. The spleen is moderately but distinctly 
enlarged, and there is marked c()nsti}m,tiori. 

About the sixth or seventh day an eru})tion of large dark-red 
papules, tending to become confluent on the cheeks, and fading on 
pressure, appears on the face. It extends to the forearms, legs, and 
trunk, being less pronounced on the upper arms, tliiglis, neck, and 
palate. Simultaneously a minute lichenoid eruption breaks out on 
the forearms and trunk. This lasts usually from four to seven days ; 
if but slightly marked, the eruption may fade in twenty-four hours, 
becoming pigmented. 

■ During the height of the fever the patient is flushed, and at night, it 
may be, delirious. He complains incessantly, probably on account of a 
general hyperaBsthesia of skin and muscles. Ileafness is also a mture. 

As the disease advances, the symptoms become more urgent ; 
the conjunctivitis is intensified, the cough becomes incessant, the 
tongue dries, the lips crack and bleed, and there may be from time 
to time profuse perspiration. By the end of the second week — sooner 
or later according to the severity of the case — the fewer be^gins to 
remit, the tongue to clean, and, after a few days, tciinperature falls 
to normal and the patient speedily convalesces. There is a well- 
marked leucopenia. The red cells are normal, but there is a decrease 
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in the coagulability of the blood. Bronchitis, diarrhoea, or diuresis 
may occur during the decline of the fever. The circular, sharp-edged, 
deep ulcer left after the separation of the primary eschar — usually 
during the second week — now begins to heal, and the enlargement 
of the glands gradually to subside. The urine is albuminous and 
gives the diazo-reaction. 

Such is the course of a moderately severe case. In some instances, 
however, the constitutional disturbance is very slight, although the 
primary eschar may be well marked and perhaps extensive. On 
the other hand, the fever may be much more violent, and compli- 
cations, such as parotitis; melaina, coma, mania, cardiac failure, or 
mderna of the lungs may end in death. Similarly, the duration of 
the disease varies according to severity from one to four weeks, three 
weeks being about the average. Relapses do not occur. 

Pregnant women contracting tsutsugamushi mostly abort and die. 

According to Hatori, reinfection may occur. 

The death-rate in Japan is high — from 25-30 per cent., but much 
lower in Sumatra (0-15 per cent.). 

Diagnosis. — As in other typhus diseases, the \\'eil-Felix reaction 
is of great service in diagnosis. As more investigations on this subject 
are |)roceeding, the meaning of the reaction is becoming more apparent 
{see p. 258). According to Felix, the serum of tsutsugamushi does 
not agglutinate proteiis O. X19 or O. X2, but ordy 0. XK. (Kingsbury 
strain), and the type of main antigen is therefore 0. XK. The limited 
g(‘ographical distribution and seasonal incidence of the disease, to- 
gether with the initial necrotic ulcer and lymphadenitis, should prevent 
any error in diagnosis. Plague may possildy be thought of in the 
tirst instance, but, even if a primary vesicle or ulcer exists in this 
disease, the matting together and exquisite tenderness of the lymphatic 
glands should put one on one’s guard. Measles and dengue may also 
have to be dilTerentiated. 

Kuroda uses filtrates of O.XK for intradermal test for diagnosis. 
A positive' result occurred after a period of two hours, during the first 
few days of illness, but after the sixth or seventh day a negative reaction 
resulted. 

Treatment. — The site of the bite should be treated by cauteri- 
zation or extir{)ation. 

Recently stabilarsan in two doses of 01*5 grm. and 0*3 grin, at 
four days’ interval has been employed with success. Lumbar puncture 
and the drawing off of fluid under pressure has also been followed by 
favourable results. Hayashi and Mukoyama have employed the 
serum of cattle and monkeys which have recovered from the disease ; 
in severe cases in which it was injected in the early stages, good results 
were claimed. Otherwise treatment is symptomatic only. 

Prophylaxis. — In a mite-infected country all parts of the body 
should be properly protected. For this purpose a mite-proof suit 
has been devised by Hayashi and Nagayo. All articles of clothing 
18 
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used ill inflected fields should he slerilizrd, and tlu* jiarfs of fho body 
exposed to mite-bites bathed with Vlemiiiek’s solution, ddie most 
(‘ffeetive measure is the burning down of the bushes and grass in tln^ 
endemic anni before bringing it under cultivation. 

Prophylactic inoculation. Cultures from ex})erinu'ntally iiifeenHl rats 
were used for this purpose by Anigsteiu in Malaya. When t(‘sk‘d on rabbits 
they produced a positive Weil-Felix n*action in a dilution of I : 5000. 

Forty-eight-hoiir cultures from agar slopes wen; emulsified in siiline 
containing 0-3 p(T cent, formalin, and the vaccine was prepared in two 
strengths, namely, 200 million and 400 million organisms per c.c. Prophy- 
la(*tic inoculation on a large scale was comm(‘m;ed on th(‘ Palm-oil Kstak' in 
Malaya in 1930. Coolies receiv(‘d two injections at an interval of seven 
days, the doses being 200 million and 400 million organisms. 

Amongst a series of mvirly 300 coolies thus inoculated (1933) t luu'c a]>peared 
to be a marked diminution in tlie incidcuice of the dis(‘as(‘. Since the dak; 
of attemi)ted protection, th(‘re liavc been 48 cases, of which 19 IxOongcd to 
the vaccina k'd and 14 to the unva(;cinak*d grou})s. Tlic conclusion is that 
the; vaccine ])robably has some projjhylac-tic value, but any conse(|uent 
immunity is a fleeting one. 


VI. Q FEVl^li ” 

A new “fever entity” whicli was first noted in 1935 azjiongst worktu's 
in large meat-works izi Brisbane, Quetmsland (apjzarcntlv similar cases have 
occurred since 1933), has been studkal by Derrick, Buriut and fh’{;eman. 
Since that tune some twenty eases have been described. “ Q f(;v(‘r ” does 
not app(‘ar to correspond with any classical type, although it has certain 
resemblances to members of the ty])hus group, but can be distinguislasl in 
various ways, jzarticularly by the absence of a charack'rist ic rash and a 
negative Weil-Felix rea(;tion. 

Epidemiology — Idiis is obscure and there is no obvious rclationshij) to 
the season. Most of the cast's occurred in meat-workt'rs or tlairy farmers. 

iEtiology.^ — dlie virus is morpliologi(;ally indistinguishabh' from the 
Rickettsia of true typhus and jzroduces chara(;k;ristic jzat hogt'nit; effi'cts on 
monkeys and mice. There is a well-defiimd febrile rt'action during which 
the blood is infective for guinea-})igs and whitdi follows tht' subcutaTicous 
inoculation of tht; virus in the mtaikey. 

On the otht'r hand, mice inoculakal intra])erik)neally show t'ulargemcnt 
of the spleen and liver with characteristit; histt)lt)gical changes. Burnet has 
nt)w obtainetl definite evidence that the t;ausative organism is a Bicki'ttsia, 
which can be cultivated on minced chicken embryo. The organism, lilckeitsia 
hurnetiy reaches its maximum growth during tht; aectznd wt;ek ot culture. 
Additional evidt'nce t)f the rickettsial nature of tht; disease is affordetl by 
the finding of actual infection in bandicotits {Isoodon torosus) in Southern 
Queensland. This marsupial is sust;eptible k) infectitin and in dist;ast;tl 
animals the sjzleen is much enlarged. Sevt'ral laboratory inft;etions have 
ticcurred, and there is evidt;nt;e tiiat a mite, Lyponyssns bficoti, is rt*S])onsible 
for transmitting the infection to human beings. Furthermort;, the dtig 
appears to be susceptible to infection with “ Q ” fever. 

The virus is present in rhe blood of human cases, only during the fever 
period, and may also be present in the urine in later stages of the illness. 
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111 8<Htions and snicarH of infcck^d inoiiHc liver and Hj>k*en large; nunihers of 
rickedtsia organisniH are visdile and occur in relatively large intracytoplasmic 
colonics, 

Jkirnet and Freeman have found that the virus is filterable with difficulty 
through r(‘lativ(‘ly pemu'able (0-7 /x) gradocol membranes and it survives 
on the ehorio-allantoic membraiu* of the chick embryo. 

An agglutination rei ction of rickettsial suspensions by immune; human, 
meinkeyv anei guine'a-pig sera has be‘en eibserved, anel this reaction appevirs tei 
be spe'cifie'. The' elise^ase* yiroeluceal in the giiine'a-j)ig is mild anel the* mortality 
nil. but il the animal is killeal during the* fever, the* sjilee*!) is found to be en- 
largeal. One* attack in the guinea-pig confers immunity, anel this immunity 
has })re)viele*ei a means for eiiagimsis of “ Q ” fe-ve-r. Fats are milelly suscep- 
tible*, whilst albino rats and rabbits are re'sistant. 

Symptomatology, 'fhe* onse*t of the illness is acute anel suelele n, anel 
the* ee)urse' anel eluratie)n of the feve*r vary. Seimetimes the*re‘ is rapid eieier- 
ve'Sce'Tice* afte*r six to nine* elays ; se)metimes the course is protracted to the 
thirel or fourth \\e*e*k and the* te*mj)erature falls by lysis. 

There* is ne) rash as in true* tyjdius. The* outstaneling symptom is head- 
ache arid it may be* se*ve*r’e* anel fK*rsiste*nt, whilst the ])ulse-rate is slow. The 
dise*ase is com{)arativ<*]y milel anel there have been no fatalities. 
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PLAGUE 

Definition.-— Plngue is a specific, iiiocuJabJe and otherwise com- 
municable epidemic disease common to man and many of the lower 
animals. It is characterized by fever, adenitis, a rapid course, a 
very high mortality, and the presence of a specific bacterium, Bacillns 
j)estis (Pastcurella pesiis), in the lymphatic glands, viscera, and blood. 
In a large proportion of cases buboes form in the groins, armpits, 
or neck. 

History. — The first authentic account of plague in Europe relates to 
an outbreak in a.d. 542, which, starting from Egypt, spread over the Roman 
Empire. The disease visited England as a widespread epidemic for the last 
time in 1664-79, and in 1664-5 upwards of 70,000 out of the 460,000 inhabi- 
tants of the London of that day perished. In those days it was known as 
the “ Black Death ’* not, as popularly supposed, on account of the petechial 
nature of the disease, but on account of the “ terrible death ” it occasioned. 
In recent years, and from time to time, cases of plague have occurred in the 
Port of London in seamen from Eastern countries, and plague-infected rats 
are by no means uncommon in the docks of the metropolis ; but, with the 
exception of a limited epizootic in rats and rabbits, and several fatal cases 
in man in 1910 in Suffolk, there is no record of plague in Britain, apart from 
the cases occasionally seen in the seaports, since the seventeenth century. 
Plague reappeared in Paris in 1920 after an absence of three centuries. 

Geographical distribution.^ — Probably plague is always present 
in some part of India and in Uganda, especially among tlie rude bill- 
people. It is known to have been endemic in the south-west of China, 
in the province of Yunnan, for many years. The present extension 
of plague probably had its origin in that part of China, and it i> safe to 
prophesy that it will continue epidemic in that country for many 
years to come. Japan and the Philippines were both infected from 
China. 

Imported from Hong Kong, the disease appeared in 1896 in 
Bombay, and subsequently as a great epidemic spread to Calcutta 
and to many other parts of India, where it still prevails. In 1913 
plague spread from Negapatam to Ceylon, and in 1914 broke out in 
epidemic form for the first time in Colombo, where it remained confined 
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to one portion of the city. It may V)e said that India has suffered 
more than any otlier country ; there have been years when the plague 
deaths exceeded a million. The highest death-rate was reached in 
1907 when it was considerably above that figure, and it has been 
estimated that from the time of its introduction into India until that 
date- there was a total of nearly ten million deaths. 

Soon after its appearance in India, plague became extensively 
epidemic in Mauritius, and it still prevails there at certain seasons. 
Mombasa and British East Africa (including Nairobi), the West 
African colonies, Madagascar, Delagoa Bay, Cape To^vn, Port 
Elizabeth, and Durban, also Sydney and Brisbane in Australia, and 
Alexandria in Egypt, have all been invaded. 

Until its appearance in Brazil, Argentina, and other South 
American countries, and in San Francisco and Mexico, plague had 
never invaded the Western heniisphen* ; now the plague question is 
of considerable importance in California. Peru, into which the disease 
was introduced from India in 1903, was the first country on the West 
Coast of South America to be invaded. The infection reached Ecuador 
through Guayaquil and raged at an altitude? of 10,000 feet. 

Epidemiology and endemiology. — A(je, sex and occupation have 
v(‘ry little intluence in plague. The youngest children are susceptible. 

Aiviosplicric temperatures, if very high or very low, seem to have 
a repressing effect. On the other hand, plague on more than one 
occasion has tiourished during a Bussian winter. On the whole, the 
evidence points to moderate temperature — 50° to 80° F. — combined 
with a certain degree of dampness, as being the principal atmospheric 
condition favouring epidemic outbreaks and recurrences. 

In large towns and in some districts in which plague recurs for 
several years in succession there is a seasonal periodicity (which may 
not be the same in all places) of maximum and minimum prevalence. 

The duration of epidemics of plague is very variable. In large 
cities — Bombay, Hong Kong, Canton, for example — the disease when 
fairly established may not relax its grip for ten or more years. In 
smaller towns it may disappear in a few months. 

The extension of jdague epidemics is peculiar : the disease follows 
trade routes, and especially the grain trade. Sometimes it may spread 
rapidly from point to point ; more generally it creeps slowly from one 
village to another, from one street or one house to another. Some- 
times it skips a house, a village, or a district. 

These and many other facts in the epidemiology of plague are to 
be explained by the connection of the disease with the rat and its flea, 
and depend in the main upon the migrations of the former and the 
breeding seasons of the latter. 

Selvatic or unld rodent plague. — Formerly epidemiologists concerned 
themselves mainly in the study of rat epizootics, but more recently 
increasing attention is being paid to plague of wild rodents of the fields 
and woods, what is known as field-rodent, or selvatic, plague. It is 
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now realized tliat ])lague exists in a smouldering state ov(*r vast tracts 
of territory among the Asiatic marmots ; among the ‘‘ susliks,” mice 
iind jerl)oas of tlu' desert n^gion of south-i^astern Russia ; among the 
g(‘rbilles and niuriihe of the African high V(‘jd and coastal rt^gion ; among 
the chipmunks and ground-scjuirnds of California ; and in Soutli 
America among tin; cavic^s and otlier ])eculiar rodtaits of tlu‘ Pampas. 
Although field-rodent plagui' has given ris(' so far to comparatively 
littlt‘ human mortality in most countrii's, this is not tin* case in Xortli 
Manchuria, where the disease is (aidemic in tlu^ marnad or “ tarahagan,” 
from which source virulent epidemics of jthtffur ha\'(‘ 

emanated. 

Mv 

The micro-organism.- Akhe sjaa-ihc cause of ])lag\i(‘ is tla* hacilhis 
which was discovered l)y AoTSjn and Kitasato in iShi. It occmrs in 

great. })rofusion in the charact(‘risti(' 
huhoi‘s -genca-ally in j)un' cultnrt', 
although towards the iatc'r stage's it is 
oft (‘11 associated with the stre])tococci 
and staphylococci of sup])uratior). It 
is jiH'seiit, ])esi(h‘s, in gn'at ahundanee; 
in the splei'ii, inte'stines, lungs, kid- 
iu‘ys, liver, and otla'r visc(*ra, and 
also, though in snialh'r numbers, in 
the blood, while in th(' pneumonic 
type of tla* disease it is found in the 
ex])ect()ratioii in enormous numbers. 
It may occur also in the uriiui and 
fii'ces ; in the latter it may be hard 
to find by direct observation. To- 
wards the termination of rajiidly fatal 
cas(^s it occurs in great nund)ers in 
the blood. 

d'ho plague bacillus (Fig. 39), as s(‘eu in a bleKM-fdni, or in jireparations 
from any of the otlier tissues, is a short, thick, (!occo-bacillus (1-5 to 2 b^^ 
0-5 to 0-7 fi) with roiind(‘d ends, very like the bacillus of chicken cholera. 
A ca})sul(‘, or the afijiearance of on(‘, can g(‘nerally be mad(‘ out, (‘sjieciallv 
in bacilli in the blood. The organism is rciadily staiiK'd by anilire* dyes, 
especially by Romanowsky stains, the extremitic^s taking on a d(‘eper colour 
than the interjiolar jiart, giving it a bipolar ajijiearance. It is usually de- 
colorized by (jlram. Fpstein regards the bipolarity as a pluiiomenon not 
specially (jonbruil to B. pastis ; the fixing and staining of the specimen 
naturally influence the r(*sult. 

Culture characters . — When sown on blood-serum and kept at body- 
temperature, in from twenty-four to forty-eight hours an abundant moist, 
yellowish-grc'.y growth is formed without licpiefaetion of the culture medium. 
On agar, but better on glyc^erin-agar, the growths have a greyish-white 
appearanc^e. In agar plate cultures they show a bluish translucence, the 



Fig. 39.— R. peMis in peripheral 
blood in septicafmic plague. 

:< 500 . {Photorn icro : J)r. J. 

Bell.) 
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individual colonies being circular, with slightly irregular contours and a 
moist surface ; on mannite-neutral-red- bile-salt agar the colonies are bright 
red, but are colourless on a similar medium in which lactose is substituted 
for mannite. Litmus-milk and glucose-broth are rendered slightly acid ; 
lactose-broth is unchang(‘(l. Young colonies an^ glass-like, but older ones 
are thick at the centre and more opaque ; they are singularly coherent and 
may be removed en hloc with a platinum needle. Stab-cultures show aftt‘r 
one or two days a fine dust-like line of growth. According to Ycrsin, when 
sown on gelatin the bacillus gives rise to whitxi transparent colonies which, 
when examinr'd in reflecU^d light, })resent iridescent borders. In bouillon 
the cultures jiresent a charae.teristic aj)pearanee : the liquid remains clear, 



Idg. 40. — liatliL'i vorrcgicus. 

iiwi fiiiatomical cluiriu-tcrj of head and 
3kuli (nat. si/e). 



Fijj. 41. — rattus. 

rorirt<;nraO‘ori arid arialoinieal characters 
head and skull si/e). 
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whilst a granular deposit takes place on the sides and bottom of the tube. 
Cultivated on broth in which clarified butter or coco-nut oil is floated, B. 
pestis presents characteristic stalactite growths which gradually fall off, 
forming a granular deposit. Examined with the microscope, these various 
cultures show chains of a short bacillus, presenting here and there large 
bulbous swellings. In gelatin the bacilli sometimes form fine threads, some- 
times thick bundles made up of many laterally-agglomerated bacteria, and 
involution forms are common. The bacillus does not produce spores. 

The most favourable temperature for culture is from 36^^ to 39^^ C. 

The virus of plague can be modified by artificial methods ; it is well 
known that some process of this kind takes place in nature, for as a plague 
epidemic decreases, so the case -mortality falls. 

Experimental plague. — In the case of the guinea-pig, within a few 
hours of the introduction of the virus a considerable amount of tedema is 
already apparent around the puncture, and the adjacent gland is perceptibly 
swollen. At the end of twenty-four hours the animal is very ill ; its coat is 
rough and staring, and it refuses food, and presently becomes convulsed. 
If the body is opened imnuHliately aft<‘r death, a sanguineous (edema is 
found at the point of inoculation, with haunorrhagic inflammatory effusions 
around the nearest lymphatic gland, whicdi is much swollen and full of bacilli. 
The intestines are hyperamic ; the adrenals, kidneys, and liv(T are red and 
swollen. The much-enlarged s])leen frecjuently presents an (^ruption of small 
whitish granulations resembling in apjiearance miliary tubercles. All the 
organs, and even any serous fluid that may be present in peritoneum or 
pleura, will be found to contain plague bacilli. In the blood, besides those 
free in the liquor sanguinis, bacilli are to be found in the mononuclear, though 
not, it is said, in the polymorphonuclear leucocytes. 

Role of the rat in plague. — Although small and circumscribed 
epidemics of plague may occur without the intervention of the rat, 
as when it first appeared in Colombo, there can be no doubt that in 
most epidemics of the bubonic form this rodent plays an important 
part both in the introduction and in the spread of infection. The 
species principally concerned are liattus norve(jicus (or decumanus), 
the grey rat, and Eattiis rattus, the black rat (Figs. 40, 41). The 
mouse, Mus musculits, is also susceptible. The bandicoot and musk- 
rat are of little importance in these respects, althougli susce])tible 
to the infection. In Bombay the epizootic appears first in the liattus 
norvegicus community, Batius rattus — the more domestic species — 
being subsequently attacked. Later the disease appears in epidemic 
form in man (Chart 13). 

The seasonal prevalence of bubonic plague in rats is marked, and 
is not due to a periodicity in their reproduction, but is connected 
with periods in which fleas are most numerous. 

In places in which plague epidemics keep recurring year after 
year, the local rats acquire a considerable degree of immunity ; more- 
over, this immunity is transmitted hereditarily. Thus, in plague-free 
towns in India — e.g. Madras and Dacca — the mortality among the 
local black rats experimentally infected was 100 per cent., while in 
plague-stricken towns, such as Cawnpore and Poona, it was much less. 
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Another observation, already referred to, which together with 
the foregoing may have important bearings on the spread of plague 
and the yearly recurrence of epidemics in the same place, is that in 
certain rats the disease may assume a chronic form. 

Rats have been known to quit villages in anticipation of the advent 
of the disease. 

Other animals may die of plague during an epidemic ; oxen, sheep, 
deer, pigs, may all be attacked at times. Dogs are immune. 



Chart 13. Showing progress of plague in rats and man. 

(“ Report of Indian Plague Commission."') 

Infected It. norregicus. 

Infected K. rattus. 

' Human deatlis from plague. 


R61e of the marmot and other rodents. — Mongolian and 
Siberian pneumonic plague epidemics are associated with the occur- 
rence of the disease in species of marmot known as “ tarabagan ” 
{Arctoviys bobac, Fig, 42),^ and several smaller species (Ci'/e/Zits cifellus 
and C. viugozaricus) , locally known as “ susliks,” which can harbour 
the plague bacillus in their bodies without apparently suffering any 
ill effects during hibernation, thus constituting a more or less per- 
manent reservoir of the plague virus. Possibly the plague infection 
is transmitted to man by the fleas which infest these animals, but it 
is more generally considered that the rodent fleas play a minor part 
and that the infection is transmissible via the alimentary tract. It 
has been shown that in hibernating spermophiles B, pestis loses its 

‘ A Biib-Hpccios of A, hohac, Arctomys centralis^ was foiiiiid infected in the Narinsk epidemic 
of 11)29-30. 
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virnlenco and is loss easily cultivated. Epizootics of plague in th(?se 
regions geiK'rally bt'gin after hibernation. 

The pouched marmot of the Caucasus {SprrniopJnlus gutiaius) is 
extremely susceptible to j)lague infection, and is probably concerned 

in the S})read of ^the 
disease in that region. 
\ In Transbaikalia 



})lague occurs in Sper- 
m opJii lus evcrsni a ii i 
and in S. dauriciis. 
Tb(' latttu' animal is 
22 cm. long and 
rather resembles the 
tanibagan. It is said 
that its pHisence can 
be determined by the 
ajjpearance of cbar- 
acterist ic (‘xcremeiit 
at tbe niou th of the 


burrows. 


As an indication 


Fig. 42. — Arctomys hobac, Siberian marmot 

(nat. BiYA'). 



of tbe im})ortant part 
that many animals 
])lay in tlie s})read of 
liuman ])lagu(‘, ex- 
tracts from tht‘ report 
of th(^ tirst Idagiu' 
Congn'ss of Soviet, 
Itussia, 1927, may be 
taken as an (‘xample. 
In South-l^kist llus- 
sia, from October, 
1925, to j\fay, 1927, 
tb(Te w('re 42 plagium 
(‘pidemi(5S with 810 
cases. Tie? infection 
of 11 of these origi- 


nated from ({onu‘stic 


Fig. 43 . — CiteUus heecheyif ground-squirrel «iiid field mic(?, four 

of California (nat. size). from spermopbiles, 

thr(?e from jerboas 

{Dipodipus sagita), and four from gerbilles (Hhoiiihoyigs opimus), 
while seven outbreaks were traced to infection at slaughter of 
plague-infected camels. Fleas capable of biting man were found 
on nearly every rodent, and play an active part in tla^ spread of plague 
in llussia. Proventricular blocking (see p. 285) with the plague bacillus 
occurs in the gerbille fleas (CeniLophifllns tesquoruvi and C. Ixviceps). 
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riagiie is known to exist in the seven western states oi America, 
))ijt it lais not so far b(‘en noted east of Wyoming nor south of Utah, 
SMve in Ualifornia : the most northerly point is somi^ 150 miles north 
of the (’alifornian ])or{l(T. In California the gronnd-squirrel {Citellns 
heechei/i, Fig. 43), althougli it does not live near human habitations, 
inf(‘(‘ts rats tliat do, and thereby acts as an important reservoir of 
/). ] test is. 

S(‘ven s])(‘cies of ground-scpiirnds are now known to harl)our plague, 
including (^ifelliis hcrcheiji, U. (franufiurus, and (\ toviisendi. (Ither 
wild rodents from which ])lagm^-inh‘Ct(‘d tieas have been collected 
inclii(l(‘ a tTe(;-S(juirr(*l {Sriurus don(fhisii)^ chipmunks {Eutamias sp.), 
marmots (Martnola flartrenfcr nosophora and A/, fl. engeJIinrdfi), and 
also ])rairie dogs (Eipioniys parrideus). The last have oidy recently 
been ]a’OV(‘(l to bt‘ ])lagiie rodents. 

In South Africa, es[)(‘cially in the Cape Province, different con- 
ditions reign, for tlier(‘ it has b(*en found that tla; rodents of the inland 
Veld hav(‘ Ix'cona' iidectixl with ])lague, and by continuously passing 
tilt' diseas(? from one to anotluT constitute a persistent and dangerous 
source of human infection. On the high vtdd the gerbilles (Tafcrotui 
!(ihc}i(ful(v and I ^rsniodiliiis (luricidaris), tin* ground-s(]uirrel {(ieosciuiiis 
cdjH’fisis), and tie* multimammate mouse (Mastoniijs couclin) are the 
most important — tile latter forming a link by conveying inbrted fleas 
from g<‘rbilh‘ burrows into human habitations. In the 1ow(t bush 
country the stripixl mouse (hdi(d>d()tfi}fs puffiilio) [ilays the chief role, 
while the sjiringhaas (i\uletes caffrr), a giant ji'rboa, on account of its 
extreme mobility is capable of widely diss(uninating plague. Two 
carnivon's, th.e suriciit(‘ and th(‘ yellow' mongoose are susceptible to 
])Iagm^ by h'eding on dead and dying rodtaits, and it has been pointed 
(Hit by Mitcladl that the discoviTy of gerbille remains in the fa'ct‘s of 
these animals is a \aluabh‘ indication of th(‘ existtaice of a rodent 
(‘jiizodtic in the Vidd districts, as tbest^ animals do not normally eat 
gerhilles unl(‘ss tluy an* sick. 

South African rodents harbour a large number of species of fleas. 
Of these, tliree, l^ivopsifllvs lyjfusus, ('hiaiopsyUa rossi and Xenopsylla 
eridos have betai found, under experimental conditions, capable of 
(•(aiveying plague infection. 

4\) be effedive, the prophylaxis of plague in the w ilder regions of the world 
necessarily entails a know h'dge of the habits of these rodents. The ground- 
squirrels are really sfiennophiles which constitute a connecting link betw^een 
the true squirrels and the marmots. C round -squirrels are generally to be 
found in prairicvlike regions, w here they form an intricate system of burrows, 
at the main entraiKH) of which they may be eommonly seen standing on 
guard upright and motionless. 

The true marmots, such as the “ tarabagan,” an? characterized by the 
rudimentary character of the thumb, and their small eyes and ears ; the 
tail is bushy and comparatively short. The burrows which they excavate 
are very deep and are crowned by mounds of earth thrown tip by successive 
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generations of marmots and are known as “bootans” in Mongolia. The 
gerbilles are small jerboas ; they are rather smaller than the domestic black 
rat ; the hind legs are long, the front very short. In colour they are pale 
fawn with white bellies. Their habitat is sandy country where they live 
in families. Their warrens extend over an area of 30 square yards and to 
a depth of 3-4 feet. Gerbilles may commonly be seen sitting warily in an 
upright position at the mouth of their burrows with front paws extended 
horizontally. The warrens often harbour ground-squirrels, suricatcs and 
mongooses, all four species, apparently, living on friendly terms. It has been 
shown that plague is spread among gerbilles {Taterona lohenguloi) through the 
intestinal tract by the cannibalistic habits which these creatures develop 
when sick. 

The multimammate mouse is the wdld mouse of the veld and has much 
the same habits ; in country districts it invades human habitations. The 
striped mouse is diurnal in habit and is more numerous in bushy countr 5 % 
where it usually builds big nests of sticks on the surface of the ground and 
lives in large families. 

In Dakar (Senegal) a shrew {Crocidura starnfflii) plaj^s a part in 
the dissemination of the disease. On the Gold Coast, the giant rat 
{Cricetoniys gamhianus), and in Kenya the field rat (Arvwanihus 
abyssinicus) are important. 

In South America, in the Argentine pampas, Uriarte and Villazon 
have showm on several occasions that rodents of the cavy type sufTc^r 
in plague epizootics. The species specially concerned are Microcavia 
australis and ill. galea ; a cricelid also, Graomys griseoflav'us, has been 
shown to be experimentally very susceptible. It is arboreal in its 
habits and recently de la Barrera has found a small outbreak of human 
plague which was traced to this animal. 

On observations such as these the modern quarantine iigainst 
plague has been framed. 

R61e of the flea in plague. — It is now known that ])lagije 
is not communicable from animal to animal by simple contact, but 
is readily communicated by fleas, and principally by Xenopsylla 
cheopis (Fig. 352, p. 1018), the rat-flea of the tropics ; Ceratophyllus 
fasciatus, the rat-flea of temperate climates ; and Ciemeephalus emits 
and 0. feliSj which bite men, dogs, and rats indifferentl}' ; these act 
as passive intermediaries and carriers of the bacillus. B. pestis 
multiplies in the stomach of the flea, retaining its virulence for over 
twenty days, and is then passed out in the f®ces ; so that the flea 
serves not only as a carrier, but also as a multiplier of the germs. 
Wu Lien Teh has shown that in outbreaks of plague in Manchuria 
the human flea {Pulex irritans) may convey the bacillus direct from 
patient to patient without the intervention of the rat. 

Especially convincing are the experiments of the Indian Plague 
Commission, which clearly showed that, if fleas are excluded, healthy 
rats will not contract the disease, even if kept in intimate association 
with plague-infected rats. Young rats may even be suckled by their 
plague-stricken mothers and remain healthy. It suffices to transfer 
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fleas from a plague animal on to a healthy animal, or to place the 
latter in a room in which plague rats have died recently and been 
subsequently removed. The fleas that have left the body of the 
dead rats, remaining in the room, convey the bacillus. An anima\ 
placed on the floor cannot be infected if the precaution is taken to 
surround the cage with “ tangle foot,” so as to keep off the fleas ; 
but if it bo placed on the unguarded floor, either in its cage or allowed 
to run about, or even if suspended 2 in. above the floor — a distance 
not beyond the saltatory powers of the flea— it will become infected. 

jMartin and Bacot found that a proportion of the fleas fed on plague- 
infected rats develop a peculiar condition of stomach and esophagus, 



Fig. 44.- 0 , Flea viewed as a transparent object ; the proventriculus 
and stomach contain a mass of plague-culture, h. Flea’s stomach, 
obstructed by growth of plague-culture. 

(KS., Uist'ended ccsophji^is containing fresh Mood ; P.C., obstnicting mass of plagi:e- 

culture. 

This figure illust rates the mctiiod of transmission of B. posits l)y Ctraiophyllus fasciatui*. 
{By perniitision of Sir (’. J. ^fartiTl, '* Joum. of Z/i/f/.," ^rd Blague SuppL, Jan., 191-1.) 


these organs becoming blocked with blood -clot containing a pure 
culture of B. pcstis. When such a flea feeds on a normal rat, part 
of the culture regurgitates and communicates infection ; at the same 
time bacilli are passed in the faeces and may infect through any existing 
abrasion. They further observed that the ” blocked ” fleas died 
very rapidly, apparently of thirst, if placed in a warm, dry atmosphere 
(Fig. 44). ‘ 

In temperate climates fleas are most numerous during the warmer 
seasons of the year ; hence summer and autumn is the bubonic plague 
season in such climates. In warm climates bubonic plague is most 
prone to become epidemic at those times of the year when temperature 
ranges between 10° and 30° C. — temperatures favourable to the 
multiplication and activity of the flea. Temperatures over 30° C, 
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are unfavourable to it, especially if the atnios})lier(‘ is dry. Pneumonic 
plague, not being spread by this insect, is not inlluenced by temperature^ 
in this way. 

The flea, then, communicates plague either by its fouled mandildes, 
by regurgitation in the act of sucking, or by provoking scratching 
and e^onsequent inoculation of the bacilli deposited in its feeces. 

The capacity of a flea’s stomach is about I c.mm., and in most 
cases of human bubemic plague there are^ not suflicieuit plague bacilli 
in the peripheral blood-stre^am to infect it with any re'gularity, (‘xeM'])t 
in the terminal stages of fatal cases. The human 'flea, Pidex irnfans, 
which occurs in enormous numbers, es])e‘cially in I\lorocco, may Ix'come 
infected ; but tliere is no convincing ewiden(*e to show that it e'vor 
plays a dominant part. 

It has long been known that large traerts of country and inij)ortant eitie's 
in India, such as Madras, have remained immune from plague, though in 
constant communication with plague-infected centres. In J9U Jh)thschild 
and Jordan pointed out that the rat-fleas of Indian cities belonged to three 
closely allied species — X. cheojns, hrazilietifiiSy and nstia — and soon afU^rwards 
Hirst and Cragg poinU^d out that in those districts in which ])lague was 
uncommon A. astia replaced cheopis as the common ectoparasite of the rat. 
From this and other experimental evidence it is now assumed that this 
species is unable to convey the plague infection in tlie same manner as 
X. cheojds (see ]>. 1018). 

Bionomics of ihe rai-Jlca . — In ordinary circumsianc(‘S the rat- 
flea completes its devtdopmenlal cycle in from fourteen days to thn'e 
weeks, but in warm damp weather this may be shorteiual to ten days. 
The average life of a flea, separated from its host, is about ten da vs, 
but it is capable of remaining alive without food for two montiis, 
should the temperatun* of tlie air be low at the time. In tropical 
temperatures the insect can harbour the plague bacillus without teeding 
on ])lood for forty-five days. 

Apart from the very serious danger arising from vermin alTechd 
with chronic plague, which may hang about a house for a long time, 
it would appear that t he house itself does not retain th(^ infect ion 
for any length of time. The Plague Commission has shown tliat 
floors of cow-dung contaminated wdth Bacillus pestis do not remain 
infective for more than forty-eight hours, and that floors of “ chunarn ” 
cease to be so in twenty-four hours. 

Evidence of rat-mortality is not always conspicuous (‘\ cn when th(* 
epizootic is severe. No dead rats may be found in the o])en, but many 
if search is made in the right situations. In ]\ladagascar it has been 
shown that rat-fleas (X. cheopis) may survive in dust and spread 
infection long after the bodies of the defunct rats have* disapja^ared. 

Pathology. — After death from plague the surface of the body very 
frequently presents numerous ecchymotic spots or patches. The number and 
extent of these vary, apparently, in different epidemics. In some epidemics 
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the cutaneous haemorrhages have been both extensive and numerous.^ The 
characteristic buboes are generally apparent ; occasionally there are also 
furuncles, pustules, and abscesses. Rigor mortis is usually moderate ; some- 
times post-mortcun muscular contractions, like those in cholera, take place. 
Tost- mortem rise of tmnperaturi^ is oftcui obsi^rved. Decomposition is said 
to set in early. 

Th(i characteristic appearame of plague in a necropsy is that of engorge- 
ment and luemorrhage, nearly (‘.very organ of the body participating more or 
l(‘ss. There is also panuichymatous degeneration in most of the organs. The 
brain, spinal cord, and tlu'ir meninges are markedly congested, and there 
may be an increase of subarachnoid and ventricular fluid. There are numerous 
and ])ronounccd ])un(*ta cru(‘nta on the brain sections ; occasionally there 
may be considerable extravasations of blood into the substance of the brain 
(m(^scncef)halon and medulla oblongata). 

Kcchymoses are common in all serous surfaces ; the contents of the 
di fie rent serous cavities may be siinguineous. Extensive hiemorrhages are 
occasionally found in the jK‘ritoneura, mediastinum, trachea, bowel, stomach, 
pelvis of kidn(‘v, urcti^r, bladd{‘r, or in the pleural cavities. The lung fre- 
(piently shows cvidenct's of bronchitis and hypostatic pneumonia ; sometimes 
hamiorrhagic infarcts and abscesses are found. The right side of the heart and 
the great veins are usually distended with feebly coagulated or fluid blood. 
In pneumonic })lague the sujierfiiaal lymphatic glands are not enlarged ; the 
pl{‘ural caviti(*s contain blood-stained .S(‘rum ; the infected lungs are deepl}^ 
cong(‘sted and (edematous, and at a later stage pneumonic consolidation is 
found. The bronchi contain bkKxl-.stained serum, and the bronchial glands 
are swollen and luemorrhagic. 

The liver is congesU‘d and swollen and its cells are degenerated. The 
splctm is enlarged to two or thnv times its normal size. The kidneys are in a 
similar condition. The mucosa of the alimentary canal as a whole is con- 
gcst(Ml, showing here and there punctate occhyrnotic effusions and, occasionally, 
haMuorrhagic erosions, and even — especially about the ileo-ciecal valve — 
ulcerations. 

l^vidcnec is invariably discoverable of serious implication of the lymphatic 
system ; around the glands there is much exuclation and hyomorrhagic 
(‘Ifusion, with liyperplasia of the gland-cells, and an enormous multiplication 
of bact<3ria. 

Symptoms. Inrubation period. — Symptoms of plague begin to 
show thems(*]t(*s after an incubation period of from two to eight, 
rarely lifteeii, days. 

The (iveroije ease of jdiujue : prodroinal siage . — In a certain but 
small t)roportion of cases there is a prodromal stage characterized 
by physical and mental depression, anorexia, aching of the limbs, 
feelings of chilliness, giddiness, paljiitations, and sometimes dull 
pains in tin* groin at the seat of the future bubo. 

Stage of inrasion. — Usually, tlie disease sets in someAvliat 
suddenly with fever, extreme lassitude, frontal or, more rarely, 
occipital headache, aching of the limbs, vertigo, drowsiness or perhaps 

‘ It hiwj boon pointed out by MaoArthur that the term “ Black Death ” {Pestis aim) did 
not refer to these hionjorrliages, but to the terrible nature of the disease. 
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wakefulness, or troubled dreams. Rigor is rarely a marked feature ; 
more often the disease is heralded by feelings of chilliness. The face 
quickly acquires a peculiar expression, the features being drawn and 
haggard, the eyes bloodshot, smiken and staring, the pupils probably 
dilated ; sometimes the face wears an expression of fear or horror. 
The patient, if he can walk, drags himself about in a dreamy sort of 
way, or he staggers like a drunken man. There may be nausea and 
vomiting : in some instances there is diarrhoea. 

Pestis mmor, or ambulatory plague. — Abortive or ambulatory cases 
of true bubonic plague have been reported recently in connection with 
almost every true outbreak of the disease. Joltrain reported several 
of these cases in connection with the Paris outbreak of 1920 and also 
in Algeria ; Leger has described similar cases in Dakar, and Fonquernie 
in I\[adagascar. Clinically these cases present mild, general febrile 
symptoms with a bubo, and when that suppurates the temperature 
falls and the patient recovers. The diagnosis may be difficult because 
th(‘ plague bacillus may be very scanty in the pus. The differential 
diagnosis has, of course, to be made from climatic bubo (Lym 2 )ho- 
yranulorn a inguinale ) . 

Stage oj fever. — The stage of invasion may last for a day or two 
without a serious rise of temperature occurring. Usually it is of much 
shorter duration ; or it may be altogether wanting, the disease develo- 
ping abruptly without definite rigor or otlicT warning, the thermometer 
rising rapidly to 103'' or 104'', or even to 107° F.,with a corresponding 
acceleration of pulse and respiration. The skin is now dry and burning, 
the face is bloated, the eyes are still more inj(‘cted, sunken and fixed, 
the hearing is dulled. The tongue is swollen and covered with a creamy 
fur, which rapidly dries and becomes brown or almost black ; sordc^s 
form on the teeth and about the lips and nostrils. Thirst is intense, 
prostration extreme, the patient from utter wcuikm^ss bidng hardly 
able to make himself heard. Sometimes he becomes delirious ; the 
delirium may be wildly furious, or fatuous, or of a low muttering type. 
Coma, convulsions — sometimes of a tetanic character — retention of 
urine, subsultus tendinum, and other nervous phenomena may occur. 
Vomiting is in certain cases very frequent. Some patients are con- 
stipated, others have diarrhoea. The spleen and liver are usually l)()th 
enlarged. Urine is scanty, but rarely contains more than a trace of 
albumin. The pulse, at first full and bounding, in the majority of cases 
rapidly loses tone, becoming small, frequent, fluttering, dicrotic, inter- 
mittent. In the later stages the heart may be dilated, the first sound 
being feeble or absent. 

Bubonic plague. — In about three-fourths of the cases, some time 
between the first few hours and the fifth day, generally within twenty- 
four hours, the characteristic bubo or buboes develop. Usually 
(in 70 per cent.) the bubo forms in the groin, most frequently on the 
right side, affecting one or more of the femoral glands ; less frequently 
(20 per cent.) in the axillary glands ; and still more rarely (10 per 
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cent.), and most commonly in children, those at the angle of the lower 
jaw are affected. In rare cases the tonsil may be the source of infection 
and c(‘rvical bubcx^s may actually result. The buboes are usually 
• singh' : in about oiu^-eighth of the cases, however, they form simultane- 
ously on both sides of lh(^ body. VtTy rarely are buboes formed in the 
pof)liteal or in the (‘pitrochloar glands, or in those at the root of the 
m‘ck. Occasionally bulxx^s occur simultaneously in different parts of 
(he body. It is a curious fact that in squirrel-conveyed plague the 
buboes almost invariably occur in tfie axilla. 

The buboes vary considerably in size. In some instances they 
are not as large as a walnut ; in others they attain the size of a goose’s 
egg. Tain is often very severe ; on the other hand, it is sometimes 
hardly complaimHl of. Besides the enlargement of the gland, there 
is in most instance's distinct infiltration of the surrounding connective 
tissue. 

In a very small ])roportion of cases what are usually described 
as carbuncles, whicli are in reality small patches of moist gangrenous 
skin that may gradually involve a large area, develop on different 
parts of the integument. These occur either in the early stage 
or late in the disicise. Somc'times they slough and lead to extensive 
gangrene. 

Kirk and Crawford have descril)ed a generalized eruption which 
tak(‘S the form of a paj)ular rash on the hands, feet and pectoral region. 
Should lif(? be continued sulhciently long, the vesicles become con- 
verted into pustules. 'These observations confirm in a remarkable 
manner, as MacArthur lias })ointed out, those of the old writers in 
describing manifestations known in the Plague of London of 1665, 
as “ blains.” 

In favourable cases, sooner or later, after or without the appear- 
ancti of the bubo, the c'onstitutional symptoms abate with the setting 
in of profuse pt'rspiration. The tongue now bt'gins to moisten, the 
pulse-rat(‘ and temperature to fall, ajid the mild delirium, if it has 
been present, to abate. The bubo, however, continues to enlarge 
and to soft(*n. After a few days, if not incised, it bursts and discharges 
pus and sloughs — sometimes very ill-smelling. In rare instances 
suppuration is delayed for weeks ; whilst in some tlie bubo subsides' 
after a few weeks, or perhaps months, without having broken down. 
Ponvaleseeiice, when it occurs, sets in some time between the sixth 
and tenth day, although it may be delayed for a fortnight or three 
weeks. Occasionally a pyasrnic condition, witii boils, abscesses, 
cellulitis, parotitis, or secondary adenitis, succeeds the primary fevt*r. 

It is reported that plague bacilli can be cultivated from buboes 66 days 
after the patient has become ill, and in fact the first bacteriological 
examination may be negative. The sores left by the buboes and 
abscesses of plague are extremely indolent and may take months 
to heal. Secondary pneumonic plague with blood-stained sputum 
may supervene from which the patient may recover. 

19 



290 


PLAGUE 


HsBinorrhages of different kinds are not an unusual feature of 
])lague — eccliymotic effusions of a purplish or dull-red tint, and 
varying in size from a liemf)-seed to spots half aii inch in diameter. 
These haemorrhages are found frequently in certain malignant 
epidemics of plague. 

Abortion almost invariably occurs in pregnant women ; tlie foetus 
sometimes shows signs of the disease. 

Death may take place at any time in the course of plagiu'. Usually 
it occurs between the third and fifth day, with symptoms of pro- 
found adynamia, heart-failure, or ])erhaps from convulsions, from 
coma, from infernal Inemorrhage, or, lat('r, from exhaustion 
consequent upon prolonged fever or suppuration, or from secondary 
ha3morrhages. 

Certain epidemics are distinguish(‘d by the large [)roporfion of 
mild cases, the so-called pestis viinor. 

SepiicoiDiic pZa^wc, or pestis siderans . — In this type tlaa'c is no 
special enlargement of the lymphatic glands ap})areMt during lih*, 
altliough after death the glands throughout the body are found to 
be somewhat enlarged and congested. The high degree of virulence 
and the rapid course of the disease de])end on the entry of large 
numbers of the bacilli into the blood, where they can la* readily found 
during life. The patient is prostrated from the outset ; Ik* is ])alt^ 
and apathetic; there is generally little febrile reaction (lOtU F.). 
Great weakness, delirium, picking of the hed-clothes, stu})or, and 
coma end in death on the first, second, or third day, or, it may bt*, 
later. Frequently in these cases then* are hit*inorrliag(‘s. 

Pneuvionic plague occurs frequently among the marmot -tra})pers 
of Northern China, who live und(?r very insanitary conditions. It 
is especially dangerous to the patients, attendants, and visitors, bi*cause 
of the multitude of bacilli which are scattered about in the patient’s 
expectoration, and because the clinical symptoms are unlike those of 
typical plague and are apt to be mistaken for some ordinary form of 
lung disease. The illness commences with rigor, malaise, intense 
headache, vomiting, general pains, fever, and intiaise f)rostration. 
Cough and dyspnoea set in, accompanied by a profuse, watery, blood- 
tinged sputum. The sputum is not viscid and rusty, as in ordinary 
pneumonia. From the commencement the clouding of const*, icmsness is 
very marked. Moist rales are audible at the bases of the lungs, tlu? 
breathing becomes hurried, other symptoms rapidly become worse, 
delirium sets in, and the patient usually dies on the fourth or tifth day. 
This is the most fatal as well as the most directly infectit)us form of 
plague. Epidemics of 50,000 and more cases have occurred in 
Manchuria, where the plague bacillus exists as an intestinal infection in 
the marmot, which acts as a reservoir of the virus. JTieumonic plague 
has been recorded from Nigeria and the Gold Coast. It has been found 
that in these countries hemorrhage into the intestinal canal occurs in 
about 8 per cent, of plague-infected rats and the organism is passed 
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oni ill t ho hrc(‘S ; in this inannor the pla^j^no hacihus can l>o disseminated 
in (hist and inspinal hy man dir(‘Ct!y into tlie lungs. (Connal and 
I’aish^y.) 

Uelajises of all h^rms of plague, though ran?, do o(?cur, and are 
dangiTous. II has Ixmui point(*d out hy Kellog that, whereas in rat- 
hona^ plague ])n(*unKajia is rans in squirnd plague it is the reviTse. 

Mcnin(fV(il ])la(iue . — Meyer and liis colleagues liava* descrihed a 
chronic n'lajising m(‘niiig(‘al form of plague in California, in which tla? 
jialienls (‘xhihit m('ning(*al symptoms with high fever. The ])lague 
ha(*illus can h(‘ isolahal from the hlood. 

Mortality. — The case-mortality of huhonic plague varif^s in 
di flenait epidemics. It is usually greatest at the heginning and height 
of the epidemic. Tla* d(‘ath-rate may he anything from 60 to 95 per 
cent, of those atta(*ked. Much ajijiears to depend on the social cem- 
dition of the patient and tlie attention and nursing available. Thus 
in a Ifong Kong (?})id(unic, while tlu? case-mortality among the in- 
(lith'naitly fed. oviu’crowded, unwashed, and almost unnursed Chinese 
amount(*d to IKhd per cent., it was only 77 per (‘ent. among the Indians, 
tU) })(^r cent, among the Japanese, and 18“2 jier cent, among the 
l‘jiro])eans- a gradation in general correspondence with the social 
and hygienic conditions of these different nationalities. In the South 
AuH'rican i‘pid«‘mics and in the recent circumscrihed ejiidemics in 
Kuro])e th(‘ mortality was only about one-third of that obtaining in 
India and China. TiK'ninonic plague is generally fatal in from three 
to four days. A'an dtai Ilerg and Vos rejiort that in an e])idemic 
in Java (1990) in 66 cases of plagu(‘ the mortality was 76 per cent. 
The sixteen who r(‘co\ (Ted had all been suffering from bubonic plague. 
The chaiu'es of recovt*ry wtTe somewhat better in men than in wonuai. 
In this stTies there were 57 cast‘s of huhonic plague, two of plague 
ulcers, 29 of septica-mic plague, and one of jiriniaiy plague pneumonia. 

Diagnosis.' Th(‘occurn‘nce of fever and adenitis during a plague 
ejudemic, must^ invtiriahly he vi(‘wed with suspicion, and particularly 
if tlu‘ lever rajiidiy assumes an adynamic character. In the early 
stages diagnosis may he very doubtful, especially in pneumonic plague, 
and in the countries of high filarial endemicity and in which filarial 
adenitis is necessarily a conimon occurrence. Blood-culture is 
recommend(M] hy Onoto by inoculating hlood into broth containing 
1 p(T cent, of sodium citrati*. Hosier states that in Java splenic 
])uncture constitutes a valuable procedure in establishing a diagnosis 
and is not opposed hy the native population. In Western America 
the difienuitiation of mild cases of plague from tulanemia is important 
(p. 302). Th(‘ discovery of the bacillus in the glands, hlood, sputum, 
or discharges is the only thcmnighly reliable test, while there is an 
associated leuc(X*ytosis. Should a cocco-hacillus be found with the 
cliaractiTistic bipolar staining, it should bo cultivat(‘d hy Haffkine’s 
method in broth on whicJi claritied butter (ghee) or coco-nut oil is 
floated {see p. 278). In case of doubt, animal inoculation should be 
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resorted to ; a little of the virus from the patient or a culture is rubbed 
into a shaven area (1 in. square) on the abdomen (^f a white rat or a 
guinea-pig. B. pesiis inoculated in this way kills the guinea-y)ig in 
seven days, the rat sooner, and white mice in forty-eight hours. The 
latter may be inoculated at the root of the tail.^ 

B. pestis and B. pseudotuberculosis rodeutiutn (the cause of a distinct 
disease in rodents) closely resemble each other and are scarcely distinguishable 
by the usual cultural methods. There is no detectable difference between 
them ; neither coagulates milk, but in agar the former produces a more 
glistening membranous growth. B. pseudotuhercidosis rodentiurny however, 
produces a clear, yellowTsh growth on potato. On Drigalski medium it is 
said to produce blue colonies, and B. peMis reddish ones. The former also 
readily associates itself with the production of smooth and rough colonies 
with all degree of transitions between them. Tlu' smooth colonies show 
closest association to B. peMis and are the most virulent. 

The most satisfactory means of differentiation is animal inoculation. 
Rabbits, guinea-pigs, and white mice are susceptible to B. jiseMdotubercidosiSy 
but w^hite rats are not. The Indian ITague Commission laid stress on the 
latter point, as these animals are instantly killed by B. pestis. 

Differential diagnosis. — Bubonic pluguc has sometimes to 
be distinguished from other affections associated with (enlarged glands, 
such as streptococcal infections, lympho^ranulouia iiujuiiude and lilarial 
adenitis, and occasionally from an anthrax pustule. 

In filarial and streptococcal infections lym})hangitis tracks are 
usually visible, but in bubonic plague th(‘re is usually no visil>h^ sign 
of the primary infection. In glandular fever the cervical glands an* 
as a rule primarily affected and there is an (‘xcess of heterophil antibodic'S 
in the serum (goat’s corpuscle test). 

(Teneraliz(*d })iistular plague has to b(‘ diffcTentiated from chickcui- 
pox or smallpox : carbuncular plague may bt^ mistaken for anthrax ; 
and septica3mic plague may be confused with typhus. In the linited 
States, Ncjrth Europe and Russia, tularaemia may resemble plagues very 
closely indeed. 

Pneumonic plague differs from other forms of pneumonia in three 
main characteristics : (1) The patient is extremely prostrate, althougfi 
his critical state can hardly be accounted for by such physical signs 
as are present in the chest ; Imt by the time definite invoK ement of 
the lung can be demonstrated, he generally dies. (2) The sputum is 
watery, never thick, and soon becomes very blood-stained. (3) .Meural 
effusion is usually present in plague pneumonia. 

* Post-mortem indications of plague in the rai. — Before rats suspected of being jdagiie- 
infected are handled, they should be immersed in disinfectant t<j destroy ectoparasites. 

The lymphatic glands should be first exposed. If the rat is infected, subcutaneous injection 
around the glands is generally recognizable. If the gland is itself inflamed, this is almost 
diagnostic of plague ; in which case the liver will be of a yellow colour and sprinkled with 
innumerable pinky- white granules. The spleen is enlarged, congested, and occjwiionally 
granular. Serous or blood-stoinod serous effusions are present in 72 per cent, of such rats , 
if, on microscopical examination of scrapings from glands or spleen, bipolar-staining bacilli 
are detected, the case is probably plague. Too great stress must not be laid on bipolar staining 
alone, as this feature depends somewhat on the method of staining : it is best demonstrated 
by the Leishman eosina/.ur stain. 



SERUM -therapy : MERCUROCHROME 


293 


Treatment. — The treatment of plague is mainly symptomatic. 
The asthenic tendencies of the disease must ever be borne in mind, 
and depressant remedies of all kinds carefully av()id(‘d. 

During tlie earlier stages, when headache and perhaps high fever 
are urgent, much relief may be obtained from ice-bags to the head 
and neck. If it ])e deemed advisable to attempt to lower the tem- 
perature, sponging of the body every hour with warm water is a miKjh 
safer measure than the employment of antipyrin and similar drugs. 
Vomiting is usually relieved by a full dose of calomel followed by a 
saline. If not, or if diarrhcea be present, Lowson recommended ice 
j)ills and an efhirvescing mixture containing morphia and hydrocyanic 
acid. Sinapisms to the epigastrium are useful. In collapse, stimulants 
of various kinds, including strong ammonia to the nostrils, and ether 
hypodermically, are indicated ; tlu^y sometimes succeed in resus- 
citating a sinking patient, (liven with judgment, morphia is by far 
the best hypnotic. Hyoscine {o/m. chloral (20 gr.) and 

bromide of potassium (30 gr.) are of service for the same purpose. 
])iarrhma, if urgent, is b(‘st tr(‘ated by intestinal antiseptics, as salol 
in 10-gr. doses every four hours, ddie buboes in the early stage may 
be treated with a})plications of glycerin and belladonna. Should 
th(^y become red and inflamed, they must be ]:)oulticed and, on softening 
occurring, incised and dressed with iodoform. Indolent bubonic- 
swellings should be treated with iodine liniment. Feeding and stimu- 
lation art‘ to b(^ conducted on ordinary principles. The injection 
directly into tlie bubot's of iodiia* and a solution of camphor and 
thymol mixed in (^qual jiarts, in doses of I to 1 c.c., according to the 
age of the ])atient. has hern advocated. Intravenous injections of 
iodin(‘ havt^ gain(‘d a ccTtain n‘])utation. A l-])er'Cent. solution with 
doubb' tla‘ amount of potassium iodide is inj(*ct(Ml in doses of 5 to 
10 c.c. daily fur four days. 

IScrufn-ikcriij)if. Yersin, Calmette, and Borrel immunized a horse 
by intravi'iioiis inj(‘ctions of living virulent cultures and })roduced 
an effective antiserum. It must be given intravenously in large 
duses (100-250 c.c.), and frequently repeated. The injections, in 
order to be effective, must be made earl}’ in the course of the disease. 
More reccuitly the effect of an anti-plague serum lias been tried out 
in India, and Dawson re])orts that in bubonic plague, in doses of 
30-40 c.c., the results have been more encouraging. Kobic has given 
plague serum intravcaiously in plague pneumonia. IhV., an avirulent 
strain of B. yestiH, is used for producing the serum. 

Merciirochrome 220 soluble (dibromo-oxy-mercury-tluorescein).-~ 
The success attending the intravenous injection of this drug in various 
septiciemic states led to the hope that it w’ould prove of use in septi- 
ciPinic plague. The drug is given in a 1 -per-cent, solution in water 
and the tolerated dose is 2 to 5 mg. per kilo of body-weight. It has 
been given to a few cases of plague with encouraging results. The 
dose is 20 c.c. of a 1-per-cent, solution, an amount which can be 
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increased in subsequent injections. In Java a substance called Oujiia- 
din, in 2 c.c. doses, ijas been injected in cases of pntMiinonic ])la^Mie. 

Sul])]i(t}iil(uui(](\'^. - Scbiitze (1989) lias testtnl llit‘ cdiiciency of tlu‘St‘ 
pr<'})arations, (‘spi'cially M & V> 898, against ])lagu(‘ inf(!ction in rats 
and mice. The drugs wen^ given by the mouth and subcutaneously. 
j\l ct ]] ()98 })roved to be most efficacious, and had also a slight prott^ctive 
value. Given siibcutaiKamsly the sulphaiiilamid(' gavt' n^sidts com- 
parable to that of Of ten’s antiplague serum. 

Carman has reported encouraging results in the tn'atment of human 
plague with prontosil soluble rubrum. ITjt^ injections were' made 
intramuscularly 1 wict‘ daily in doses of 2 *5-0 c.c. 

• Hacieriophage (Pestifage). — Bacteriophage suhHtance.s jire r(*gard(“d by 
d’Herelle as se])arate self-multiplying particulate organisms ])reying upon 
bacterial cells. Others, like Bordet, regard them as th(‘ products of a clKunical 
perversion arising in the bacterial cell. On the lines laid down by (THerelle, 
a potent antiphage serum has been prepared in India, but tlu* tluTapcaitic 
results so far obtained have been distinctly disa])})uinting. In bubonic 
plague the phage is administered subcutan(‘()usl\- into the bubo in dos(‘s of 
2-3 c.c. on the first, and again on the second days. In s(‘})tica‘mic plagu(‘ 
3 c.c. or more have been given intravenously. (_V)uv'v and his (o-workers 
report upon 21 seven' cases of butemic ])lague w ith 15 rec(A (‘l ies, and a 
pndiminary densensitization by subcutaneous injt'ction of tlu' patient's own 
blood (autoaunotherapy) is recommended. 

General prophylaxis. — The pnqdiyhixis of plague*, as of other 
infectious diseases, has to be considered from the* standjioint of the 
community and also from that of the individual. As re'gards the 
former, it includes measures for ])n‘Vt3nting the itif roduct ion of 
the virus, for staying its spread if introducc'd, and for st'ciiring 
its destruction. 

Quarnntine . — Modem systems of land or sea, ((uarantine dir(‘eted 
against plague take cognizance of the facts that the incubation jieriod 
of the disease may extend to ten days, and that jilague affects c(*rtain 
of the lower animals as well as man. Ten days is the minimum jieriod 
that should elapse between the time of departure from an infect(‘d 
place, between the date of the last death, or between the tirrival of 
a ship or batch of travellers with cases of plague in progress among 
them, and the granting of free pratique. Moreover, as Kitaiato has 
shown that the specific bacillus persists in th(? bodies of tho e who 
have recovered from plague for at least thn^e \v(M*ks from the cessation 
of the active dis(*ase, convalescents should be isolated for a month 
before they are allowed to mingle with an uninlected communify. 

In ships coming from an infected port the rats, mice;, and similar 
vermin should be destroyed, thrown overl)oard and sunk before harbour 
is entered. The generation of sulphurous-acid gas under pressure, 
especially by the Clayton system, has been found useful for their 
destruction. 

The most suitable and practicable disinfectants are steam, 
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1 : 1000 (corrosive sublimate in carbol-sulphuric acid, lysol, chloride 
of lime in 1 -per-cent, solution, carbolic acid 5-per-cent., and formalin 
2-per-cent. 

On plap;ue breakinpj out in a small village community, as soon 
as the disease is recognized, measures should be taken to prevent 
the inhabitants hniving the locality and thus dissemfnating it. There 
is little danger of this until the inhabitants become alarmed by a 
rapid extension of the disease. If possible, after the patients have 
bt!en isolated in a s])ecial hos])ital, the village should be evacuated for 
a month. Tlio safest and most tliorough form of disinfection is by 
tire, and in the case of an isolated village })rom])t destruction of the 
infect «'(1 hous(‘S by this m(*ans is the surest method of stamping out the 
inf(‘ction. Tin* clothes and bedding of all patients should be bunied. 
The (lead should, with as little delay as possible, be buried in deep 
graves or cremated. Isolated observation cam})S should be organized, 
in which “ suspects ” and “ contacts ” may be s(‘gregated for a time 
(‘(jual at least to the incubation period of the disease. War should 
1)0 waged against all rats and mice, and their corpses burned. 

In the event of an outbreak in a town, it must be borne in mind 
that ])lague, once established in human i>eings, is (*ommunicable to 
others and to rats by means of tla^ ex})ectoration, by the discharges 
from th(* bowels, l)y the urine, and by discliarges from the Iniboes 
or glandular swellings ; and that a ])lague in rats usually })recedes 
])lagu(‘ in human Ix'ings. In addition, therefore, to promj)t notifi- 
cation of ])lague ])ati(‘nts, a system designed to obtain information as 
to th(^ occurrence of })lague in rats should l>e instituted. Kvery rat 
(lestroyiMl must b(* bacteriologically examined. 

For tile (h‘t(‘ction of ]>Iagiu‘-infected houses, guin(‘a-pigs, which 
do not harbour fleas as a ruli‘, are turned loose in warehouses as con- 
venic'nt traps for rat-fleas. 

In India the compulsory inspection of all dead bodies prior to 
burial has b(H*n found a valuable measure for discovering infected 
hous('S and localities. 

Destniclion of and other measures in aniinpaiion of the 

infroduciion oj plague virus. — The campaign against rats is usually 
carried on by the emjiloynumt of rat-traps and rat-catchers, and the 
cautious laying down of ])oisons such as arsenic, phosphorus, and 
baryta. As no one nu'thod is satisfactory, it is usual to employ several 
at the same time. The ])umping of SOg gas under pressure is useful 
for ships and for warehouses. So long as the sulphurous-acid gas is 
dry and is not ustnl on damp articles, no damage is done to merchandise. 
Care lias to be taken with damj) things, as they may get discoloured. 

Where jiossible, houses and warehouses should be made rat-proof 
- not an easy measure, considering the burrowing and climbing habits 
of the rat,. ]{attus norve(jmis can penetrate ordinary lime-mortaf 
or soft brick, but is stopped ])y cement and concrete. Its burrovvs 
may attain a depth of 18 in. Baftiis rattiis is not so active in this 
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respect. Simpson recoinmoiids timt walls should ho a I, K^cst 6 in. 
thicdv when made of liard brick or coiicreio, and lhat Mioy slionld 
extend to not less than 18 in. below the level of tiu' ^Toinid lloor, and 
the latter shonld he paved with concnde 8 in. ihick, covenMl with 

1 in. of cement. All ventilators shonld he protected with iron p;ratiiip;s, 
and all openings around wires and pipes cenieiitcHl. In N(‘W Orleans 
some warehouses are elevated, li‘aving a clear open sjuice Ixaieath : in 
others an impervious wall is built around the ground floor, })en(‘t rating 

2 ft. into the ground. In a third, and a most (d'fective tyi)(\ the ground 
door is laid out in concrete with a ]irotective wall round tht* edg(‘S 
sinking 2 ft. into the ground. Tht‘ mooring caildt'S of shi])s should lx* 
shielded in such a way as to pr(‘vent (‘gress or ingn'ss of rats, and all 
gangways should be taken up at night or wlaui not in us(‘. Native 
food -stores are, as a ruh*, set out on poles and can lx* ])rotected from 
rat-invasion by the introduction of suitable wooden discs. The sprink- 
ling of chloride of lime in the vicinity of tlu‘ burrows has a dett'rreiit 
effect. 

In South Africa rigorous measures have been adopkd by the Health 
Department to prevent the sj)r(‘ad of rodent ])lagu(‘ ; they have endeavoun'd, 
apparently with success, to place a barrier in th(‘ shaf)e of a gcTbille-free 
belt between the mountain range and the sea. things working under depart- 
mental rodent officers em])loy two main method.s — poisoning and gassing. 
The poisoning is effected by spreading strychninc-im})ivgnated grain by 
dropping it into gerbille burrows. Near homesteads, gassing is performed. 
A Capex cartridge is lighted, plunged into a burrow and the o})ening closed 
with earth. Meyer has shown that methyl bromide, s})rayed at the rate of 
30 c.c. per burrow -oj)ening, is efficient in controlling burrow rod(MJts and tlaur 
fleas. Care, however, must be taken in its apj)lication. 

Attempts have been madi' to set u}) in rats an epidemic diseast*, 
other than plague, which should not b(‘ comniunicabh* to man : for 
this pur})osc the bacillus discov(Te.d by Danysz was recommend(Ml by 
him ; but experiments on these li les have not been very succi'ssfiil. 

Fro])]iylactic nieasiirrs based on a consideration of iJie jlea fauna. 
- Should further reseandi demonstrate the inabilify of X. astia to 
transmit plague, it should he possible t(j divide a counfry into })otenfiaI 
and non-potential plagm^ zones ])y a survey of the rat-il(‘a ]X)pulalion. 
The energies of the Sanitary Department can by these leeans 
focused on the danger spots. 

Personal prophylaxis.— As regards the individual, all mine essary 
visits either to plague patients or to plague; neighhourhoods should he 
avoided and, if possible, prevented. 'JTie attendants on the sick ought 
to take care that the ventilation of the sick-room is thorough, tliat. 
cubic space is abundant, and that the utmost cleanlin(*ss is jiractised. 
Nurses must not hang over patients unnecessarily ; they must also 
be careful to seal up and cover any wounds, no matter liow trifling, 
they may have on their hands. Stools and urine must be disinfected, 
and hands frequently washed. To obviate risk fnun wounds and to 
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pruv(?n< the arccvss of fleas and similar snetorial insects, those engaged 
on ])lagu(‘ duties should wear hoots and have the legs protected by 
trous(‘rs tied tiglitly round the ankles or, better, by puttees. Leather 
gloves are advisa])le if thenj is much handling of furniture or of any- 
thing likely to abrade the skin. Cats or dogs should ywt be alloived 
near jdague patients. In the interests of pul)lic health it is imperative 
in isolate all cases of bubonic and sc'pticaunic plague and their contacts. 

Th(^ attendants on pneumonic castes slandd provide themselves 
witlj masks of muslin, thn'e- or four-fold, changt^d when at all damp, 
and also with goggles to prot(*ct the eyes. In pneumonic plague 
('pid(‘mics g(‘n(*ral inoculation with }>lagu(* vac(ane is advisable. In 
i\Iuk(l(ai a mask of absorbent cotton-wool (IG by 12 cm.) enclosed in 
muslin, and retained in po.sition by a many-tailed gauze bandage, 
tog(dh(^r with goggles, ruidnT gloves, and cotton uniform, proved 
thoroughly effective. Kvacuation of the people from insanitary and 
overcrowded dwellings and installing them in camps wlu're better 
liygionic conditions can be arranged is imperative. Lhurches, schools 
and theatre's iTiust be closed. Cordons within the affected area, to 
limit the infection to a circumscribed portion, may assist. 

Prophylactic inoculation. HaJJhine's uwculations. — Early 
during the Lombay epidemic. Haffkine introduced a system of pro- 
])hylactic inoculation which is of proved value, both in reducing the 
number attack(*d with plague to the extent of from 77 to 85 per cent., 
and in diminishing by 80 per cent, the mortality in those attacked. 
It ccaisists ess(aitially in the subcutaneous injection of six-weeks’-old 
cultures of f)lague bacilli incubated at 25-30° C. and killed by heat — 
G5° C. for one hour ; carbolic acid 0-5-per-cent, is then added ; up 
to 4 c.c. are inject(‘d according to the size and age of the individual. 
The Indian Plague C'ommission reported strongly in favour of these 
inoculations, which furnish a prott‘ction that lasts about twenty months, 
(ilen Liston stated that in the inoculated the incidence of plague was 8 
])er 1,000 of the f)opulation concerned, whereas it was 34 pen* 1,000 in 
the uninoculated in tlu' same communities ; the case-mortality in the 
ino(‘ulated was 39-5 jycr 100 attacked, in the uninoculated 78 per 100. 
The best rc'sults are obtained from a two-months’ growth which has 
b(>en stored about eightetai months. Th(‘ prophylactic needs great 
care in its ]>reparation. Its storage in hermetically sealed bottles 
should be insisted upon, and every bottle ought to be tested before 
use. Th(‘ residting reaction is sometimes severe. The efficacy of 
th(‘ vaccine depiaids upon the virulence of the bacilli comj)Osing it ; 
cultures made from non-virulent strains are useless from the pro- 
])hylactic point of view. The potency of plague vaccine is enhanced 
by the incubation t)f plague cultures at 37° C. in place of 2G° C. 

So far, Haffkine’s prophylactic is the one most frequently used 
and gives the best results. In 1927, 90,000 inoculations with plague 
vaccine prepared at the Entebbe laboratories were administered in 
Uganda. As an index of its elticacy it was noted that amongst 232 
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cases subsequently attacked by plague the recovery-rate was 40 
per cent. 

Those in attendance on plague patients should rec(‘i ^'0 20 c.c. 
of Yersin’s anti-})lague serum, and 3 c.c. of Haffkine’s vaccine on 
the same day ; ten days later a second dose of vaccine should be 
given. Attendants should wear lysol-impregnated gowns fastcaied 
at the wrist, ankles and neck, rubber gloves and gum-boots. They 
should not shave, but they should disinfect themselves and their 
clothes daily. 

Prophylactic inoculation with arirideni lirlmi pJfKjue harilli has b(H*n 
practised in Java by de Vogel and Otten. The smooth variety on 
culture has been used as antigen, and 400,000 persons wen^ immuniz(‘d 
in this manner without incident or accident. The plague strain 
“ tjiwidej ” which is (miployed was discovered by accid(‘nt, and is so 
avirulent that both rat and guinea-])ig can withstand a whole culture 
when inoculated. Th(< animal experinuaits, as regards the ])roduction 
of immunity, with this living vaccim* arc* much superior to those 
obtained with dead culture's. Ottcai's mc'tliod was commc'nced in PJde 
and up to date 2,363,642 inoculations havc^ been carried out . Excc'llc'nt 
results haA'c; bc^eii obt aim'd and the })n‘sent decline in tin' ('pidc'inic is 
attributed chietiy to this vaccine. Girard has now rt'porled upon 
similar results obtained with his living vaccine in Madagascar. 

Jn Indo-China a dc'ad plague vaccine' made by the Pastc'ur Institute 
is used ; in French West Africa a li})ovaccine and an aqueous vaccine 
of the Pasteur Institute (IkSTj is favourc'd. 

An oral plague vaccine (Pestedo) has been prepared by I'oiilenc I^ren's 
and is well taken by natives who object to inoculation, but the results are 
unsatisfactory. 

DeSCUIPTION of the CoMMONEIl Sl'ECUES OF PiA'I’S ('() N C El{ M] I ) IN 
THE SpJCEAD OF Pj-ACiFE 

The spread of plague and epizootics amongst rats S('(‘ms to be 
by the fierce R. norm(jicus. The more delicate R. rattus rc^ceives 
its infc'ction from the sewer rat. Both these s])eci(*s a^e ])('sligenic. 
Whe]i the* rat dies the tleas dc'sert the body and seek a jk'W iajst ; thus 
the sewc'r rat (R. norvegicusi) dies in the basemc'iit ; the flc^s attach 
tlK'inselves to the black house rats (/A ratins)^ and an* spread lo human 
beings. 


Terms employed. — llodc'jits which are capable of being iiitech'd with 
plague arc divided into pestiferous and pestujenie ,* thus tlie coimuou mouses 
is a j^estifer, but is not ordinarily a transmitter. Selvatic plagiK* is the ])lagu(‘ 
of the hinterland. In North Africa, for instance. j)]aguc of the “ bled ” of 
Tunisia has bec'n regarded as selvatic and due to desert rod(‘nts ; further 
south in the Sahara a mouse {Psammoniys ronduird), though ])r(‘dominant 
and a very susceptible animal, has hitherto not been alfecU^d. 
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An iiitinuito knowledges of the appearanee and ha])its of the many 
sp(‘eies of rats is hardly necessary to the tropical specialist : considering 
the imj)or<ant role several specitis play in the spread of plague he 
should, howeA e*r, l)e able to ideiilify the nioro domestic varieties, 
hor this ])urpose th(‘ following Table, contrif)utod by ]\rr. M. A. V. 
Hinton, will l)e found used’ul : 

Rattus rattus, Linn. — -Build slender ; muzzle sharj) ; ears large, trans- 
lucent ; tail usually luucli longer, never niueli sliortcu* than head and body ; 
hind toot (heel to tip of longest toe, without claw) 35 40 nim. ; weight of 
adults rarely mon* than 8 oz. Indigenous, wild, iiion^ or less arboreal in 
Indo- Burmese eountries. The chief domestic races are distinguished as 
follows : 

4. Back reddish or gr(‘vish-brown. 

u. lhi(l(‘r })arts pure white' or pale lemon, /f. r. fnujirorus Kaf. 

( t(cloruni). Common in M(‘dit<-rranean region, li. r. kijahius. 
Hganda. 

h. lbid(‘r parts darkened. 

ub N'entral hairs with rusty tips. R. r. rufosrrns dray, dommon 
rat of Indian house's. 

\5*ntral hairs without rusty tips. R. r. uyin>Irift ns i^ooff. 

Ji. Back black ; iinde'r j)arts dusky or slate-grey. Ji. r. rattus Linn. 
L.ssentially a dome'stic form which has iH't'n e'volved in cold temperate 
countries. 

The forms frugivorus, atexaudrinus, and rattus have now acepiired an 
almost world -wide* distribution ; frugirorus is the least, rattus the* most 
modilie'd race. These are* climbing rats, ce)mmon on ships ; freepieiit in 
(lwe*llings in warm countrie*s, and ne>t sliuiining man ; they are of e'special 
impe)rtance as })lague'-e*arriers ; attain sexual maturity early (min. weight 
se*x-mature 70 grm.) ; breed threiughout the year ; gestation about 21 
(iaN's, hut with ce)ncurix*nt lactatie)n about 31 days; litte'r of freim 4 to 11 ; 
ave*rage* litte*r 5 e)r h. 

Rattus norvegicus, Berkenhout ( decumanus). Be>bust ; muzzle 
l)lunt ; ears small, e)paejue* ; tail noti(*eably shorter than head and body ; 
hinel fe)e)t 40 to 45 mm. ; weight e^f adults commonly 17 oz., ofU*n much 
me)re' ; colour brown or grey above, silvery beknv. A melanic form (often 
confuse'el with R. rattus) epiite common. 

Ineiigenous to Central Asia ; now common in all temperate countries. 
Ifdests eirains and watt'rways; common in ce*llars and basements, but 
shunning mankind as a rule. Bre'cding and gestation as in R. rattus (min. 
weight sex-mature 1(X) grm.) ; litter of from G to 23 ; average litter 8 to 10 

Bat Destruction (Deratization) 

d'erriers may b(' used, the rats being driven (nit of their holes by flooding 
from a watercart. ('ats are useful, but it must be rememben'd that they 
too an; susce])tible to jilagiie. Traps of all descriptions are of value, and 
rats readily enter a funnel-shaped trap showing a light at the far end. Runs 
may bo made with double closing doors, or gins or nipper traps may be placed 
in the path of rat-runs. One man can attend to 1(K) to 200 traps a day. In 
towns and ports where plague exists, 40 to 50 traps should be set per day per 
1,000 inhabitants. Bats which are caught alive must be asphyxiated and 
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then combed for fleas. The flea is placed for twenty -four hours in pure 
phenol to make it transparent, so that species and sex may be determined. 
The total number of fleas divided by the numb(*r of rats ^nves the “ flea-ind(*x.” 

One of the modern methods of rat destruction is tiie use of lithographic 
varnish or ‘‘ ratsticker.” The varnish is s})read on a board in a plac*(‘ fre- 
quented by rats, with a piece of cheese or other mat('rial as a bait. On 
coming into contact with this substance, the rat becomes hoi)elessly (uitangled 
and its squeals attract other rodents to the rescue, so that they in turn become 
trapped. Hat traps should not be handled, except with gloves. They may 
be covered with mud or anointtal with oil of anist'ed, w hich nmioves the 
human smell. 

Baits. — A good bait is one which differs from food usually found on the 
premises. In fish sheeps, meat, cheese or bread should b(‘ used. In grain 
stores, bloaters, cheese, etc. Dry bread is always a(‘ceptabl(', v\'hil(‘ oatmeal 
and tallow can also be used. It is said in the tro})ics that tomato is specially 
tempting. 

Poisons. — Squill {red squill) pancakes are madf* with betT dripping to 
which has been added 20 per cent, of timely chopp(Hl Vrijined warituna (red 
variety). The pancakes are cut into baits each Din(;h s(juare. \’arious squill 
preparations are on the market. Scpiill is mixed with ecjual parts of milk, and 
8 lb. of bread, soaked, for every gallon of solution. The toxic dose for a 
rat is 1 .30 c.c. of a liquid extract. Its action on the rat is slow ; the first 
symptoms being excessive purging, thirst, and general discomfort, follow (*d 
by paralysis and convulsions. Death is hastened by drinking. The ground- 
up bulbs make the best bait. On the basis that a rat eats one-tenth of 
its body-weight every 24 hours, each bait should consist of 00 gr. 

I’owdered squill is quite dangerous to handle and liquid extract is th(‘ 
safest preparation. Bowls of milk accessible to rats alone, ])oiHoned with 
this, are effective. In autumn female rats are espt'cially attracted by them. 

Barimn carhonnte, 1-2 gr. kills a rat. Oats and chickens can stand 
10-15 gr., w'liilst dogs can take 100 gr. This poisr)n drives rats to s(‘ck water 
so that they die in the open. A 10-50 ])er-cent. mixtun* of barium carbonate 
with fatty basis (?.e. tallow) forms one of the safest and most eflV'ctive rat 
poisons. “ Zelio ” ])aste or poisoned grain (Bayt'r) in w hich th(‘ grain is 
thoroughly soaked is said to be absolut/ely tasteless and readily (‘at<‘n by 
rats. The bait is s(T at night and removed in the morning. .After touching 
the poisoned bait the hands should be washed. 

Effective, hut dangerous to stock, -(a) Strychnine and barium Battle's 
vermin killer, (b) Arsenic and barium- Bough on Bats.” (c “ Bxtermo,” 
“ Rodine,” ” Farmer's paste,” ” Roth’s })a8te,” and ‘‘ Sandford's ])a.^t<* ” 
(phosphorus). 

Partly effective hut dangerous to The virus of Danysz and similar 

viruses, which are bacillary in f)rigin, vary very much in lethal effects and 
have been known to cause ” (diokwaic. ” sym])to!ns in man. In tin* tropics 
they require frequent subculture. 

Various poisons for use in selected cases. — (a) Ars(mic, 2d ])or cent, with 
meal, (h) Dish of oatmeal mixcul with sugar, grated I\'irmesan < hec'se, and 
a small quantity of strychnine, (c) Disli of chicloui heads. A }>inch of 
strychnine should be placed in each neck wdth a dro]) of bk od. 

Cultures. — Danysz virus and other bacilli have Ix^en used with the 
object of causing epizootics in the.se rodents, but they have not l)(‘en successful 
on the whole. In South Africa similar attempts have been mad(^ to extirpate 
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the gerbilles by an organism known as the Tiger River disease {B. monO' 
cytogenes) (E. (t. Murray), and this has been partially successful. 

Flkas 

lieaders se(‘king iMfoniiation upon tlu! natural history and 
classification of these insects are referred to j). 1017. 
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TULARAEMIA (Francis, 19*21) 

Synonyms.- — Deer-ily F(‘ver ; Pahvant Val](\y Plague ; .Pabhit Fever; 
Ohara's I)is('ase. 

Definition. — Tiilara'inia is a S])eeili(' infect i(*us disease* of rodents, 
caused hy B(tcieriu}}i {P(is1rurrJl(t) inlarcnsr. and is traiisniitted fj'oni 
tliese animals to man l>y the* bite of inh'cted blood-sucking insects, 
or by the handling or dissection of infected jack-rabbits. From groeip 
agglutination tests it ^^(>uld appear that 7b iidaroisc is closely allie'd 
to the Brucella grouj). 

History and geographical distribution. P. tuhncHsf was discovcnal 
by McOoy and (liaj)in in 1911 in a }>lagiic-likc dise'asc* of lodt'nt.s, nton; 
cspt'{*ially tlu* ground-sfjuirrcls, of ( ’alifornia. .As far as is know n, the disease* 
is at pre‘sent confined to the StaU*s eif ( ’alifornia. Ineliana, iveaitinhy, Ohio, 
and Utah, in the* Unite*(l States. Although first Idunel in Tulare* Count \-, 
California, by 192S, bbO cases liad ))(*cn r(*pe)rted in all States in the* Union, 
with the e*xce*j)tie)n eif W'ise-euisin, Washington and the* Xeu Ihiglanel State*s. 
In Pussia, the^ disease has be*e*n noted in native* hunters of tlie* inusk-rat and 
the water rat, which are killed fe)r their fur, and the Itussian obs(*rvers have 
noted that the* infectieai is widespread amongst rexlents in place's whe*re no 
exainpl(*s of the human disease have* been identified ; it appears that e)e e*asion- 
ally tularicmia may oe*cur amongst sht'ej). In ltl2.') it was found by Oliara 
tej exist in man in da])an. In 19^11 it ap])ears fre)m the* e*pidemie)le)gieal re*pe)rts 
of tlie ]A*ague of Natiems that the* di.se*ase has be*(*n ree*ognized lieith in llussia 
and in Xorway, wliilst Olin and Schlste*dt have* reex)gnize'd ,‘11 e ase's in Sw(‘ele*n. 
The se>ur(*e of infectiem is the* liare*, and CZ/n/.s-o/Js* disralis the* transmitter. 
Diseased sc|uirri*ls may also be* re‘S])onsible. d'nlara'inia has neiw be*(‘n ree*orele*el 
in (Jermany (1931, 1933 and 193b), l^ower Austria (1925 anel ag iin in 193b), 
Czeeheislovakia (193b), anel Aleiravia, as well as in Turkey in fairojie* (193b, 
at Lulebiirgaz in Thrace). In South Moravia, thirty to forty-five oays jirior 
to the ne^tibeatiem ed human eases, a gre*at mortality was re*])07ie*J ameaig 
field voles and hares. 

Epidemiology and endemiology. In its eueieinic are*Ms the 
disease is most prevalent in the mejnths e)f June, July, and August, 
when it is conveyed by a blood-sucking fly, 67/n/.s'op.s- e//.sro//>, fre)m 
one infected jack-rabbit to another. Jn this maniier the* elisease is 
usually transniitte'd tee man, Tulara'inia is a elise'ase ed‘ thee rural 
population, particularly att.acking field worke*rs, but it has also been 
recorded among dealers in rabbits whe) handle infected jack-rabbits, 
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and those wdio ])re|)are tlieir skins for market. In 1924 Parkes and 
S[)enctT found that the ti(dv (I Jcrtnacmior andersoni) could act as a 
liost and as \’ector of the disease in man and in rodents, and demon- 
strated that lienHiitary transmission takes place in this tick. They 
further showed that the rabbit tick {Hernia plujsalis leporis-palustris) 
act(‘d as a vector of the virus in rodents. Olin studied a serious outbreak 
of 115 cases in Swtnlen in 1987 which occurred es})ecially among j)easant 
womtai, who in summer-time go har(‘-footed and who are stung by 
niujH'rous mos(juit(K‘S, and h(‘ consid(‘rs that thes(^ ins(*cts may act as 
Vi'ctors. Four species of Aedes and one of llicobiddia have i)(‘en shown 
under experimental conditions to transmit the disease to guinea-pigs. 

^Etiology. — B. iidarcnsc is a small non-motile, Gram-negative 
organism, measuring O'B-O’? |x in length ; whim staimsl in the tissues 
it giv(‘S the a))pearance of h(*ing surrounded by a capsule. Though 
normally occurring as a rod-like structure, it fre(iuently assumes a 
coccus shape. It stains h(*st in tissue ])reparations with Gi(ansa’s 
stain, hut in smears from cultures it shows uj) well with aniline gentian- 
violt‘t . 

Th(.* orgatiisai is ditllcult t(» cultivate ; it will not grow on plain agar or in 
bouilloTi, and, until recently, liad been cultivated only Uf)on th(‘ coagulated 
yolk of hen’s eggs, but Francis has siicceedtHl in getting an abundant 
growth upon serum -glucos<:*-cvstine agar. The cystiiu' medium is inoculated 
with the lieart’s- blood of the iidected animal, or a small piece of the liver 
or spleen is rubbed on the surface and allowed to remain in contact with the 
medium. (Irowth a})pt‘ars about tht^ third day, and nourishes luxuriantly 
on sub(‘ulturcs >\ ithout the addition of fresh animal tissue. In order to 
ensure tlu* primary grow th, it is necessary that a j)iece of animal tissue be 
added to the medium. 

(\)tn posit ion of cystine ayar. Cystine agar consists of beef-infusion agar, 
having a pH of T li, to w Inch 0 02 jht cent, of cystine is added, after which 
it is sterilized for fifUen minutes in a steam sterilizer, and subsequently 
incubated for twenty-four hours to ensure sterility. 

(ailtur(‘S of li. tuhirense are extraordinaril}' infectious, and should be 
handled with great care. 

In its serum reactions cross-agglutination occurs in connection with 
Jirucclla nulitensis and JJr. abortus. About 23 per cent, of tulara'inia sera do 
so, and about 35 jmt cent, of undulant fever sera agglutinate B. tulurense to 
some degree. 

The organism is ])athogenic for guinea-pigs, rabbits, wdiite rats, 
mice, ground-squirrels {Citellus heecheyi), gophers {Thoviotiiys batta^), 
and lihesus monkeys ; while Norw'egian rats {B. iion'eyicus) ^ calves, 
])igs, goats, cats, dogs, and pigeons are found to be refractory. The 
organism is transmitti‘d in a mechanical manner by Chrysops discalisy 
{IS wadi {IS by the stable-fly, Btomoxys calcitrans, thc^ bed-bug, Cimex 
lectularius, the squirrel-llea, Ceratopfiylhis acutus, the rabbit-louse, 
Hceniodipsus ventricosus, and the mouse-louse, PolyjAax serratus. 
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Ticks can also act as vectors —i.e. Derm a ecu tor andersoni, D. 
variabilis, D. occidentalism Ixodes ricinus, var. cniijornicus, Hanks, and 
the rabbit tick (H an nap) ly sal is leporis-paliistris) . 

The disease occurs as a natural infection in wild rodents. The 
most important reservoirs of infection are the cotton-tail rabbit 
{Syhyilacjus) , the jack-rabbit (Lepus), and tlie snowslux^ rabbit {L. 
hairdi) ; other reservoirs are the Californian ground-squirrel, wild 
rats, and meadow mice {Microtus calif or niciis). It is prcdjable 
that the opossum and coyote may play a })art ; also tlu* rutiled 
grouse {BoJiasa wnbellus) and the sage hen (Centrocerens urophasiafius) 
(Montana). In fact this disease has betai responsible for the 
disappearance of these beautiful birds in parts of America. 

Man is extremely suscei)tible to infection frouj animals, coiisequixitly 
laboratory infections are very fre(iuent. 

The nasal secretion and the urim; of inh'cted mice and ral)bits 
are infective for otiu'r animals. 

Of the vectors, tie* tick {Dernuwentor andcrsoni) is particularly 
ijnportant^ since the Bacterium is found distributed througliout the 
body, being found in the lumen of tht! gid, in the cells of th»‘ gut wail, 
in the body fluids, and in tlje fa'ces. Tlie organisju is harboured 
throughout the winter months and infection is transmitted to its (‘ggs. 

Pathology. — The ]uithological appearances of infected guinea- 
pigs and rabbits at autopsy much r(.‘semble those of plague in the 
same animals. Li an (‘xperinKUilally-infectc'd guim^a-])ig tliert* is 
haemorrliagic mdeina at the site of inoculation, with blood -staim'd 
peritoneal exudate, and diffusely (ailargod spleen, in wliicli character- 
istic small necrotic foci can be found. Similar lesions may be detected 
in the liver ; on microscopic section of these organisms a dense 
infiltration with polymorjdionuclear cells can be found, but the 
organisms can with difficulty be detecUxl. In the spleen of t ht3 mouse, 
on the other hand, little or no leucocytic respoiise occurs ; and when 
stained with Twmrt’s light-grecai neutral-red stain, B. iularense can be 
readily demonstrated in large numbers. The incubation period appears 
to be from one to ten days. 

Symptoms. -Unrecognized cases of tulara;mia are probal ily common 
in the endemic areas, for it may occur as a generalized diseast' witliout 
local lesions, or local lesion smay he present with a secondar} iym])h- 
adenitis, which may not cause grave constitutional disturbances. As a 
rule, in the cases which liave been so far recorded, a definite type of 
fever is present. The onset is sudden, with }ieada(die, backa(;he, 
and fleeting pains, remarkable lassitude, and pyrexia which may last 
for three weeks or more ; the extreme range of temperature is about 
104° F. The pyrexia may subside to normal, or nearly so, from the 
third to the sixth day. The pains commence at some particular point, 
and persist for two weeks to a month, though localized ones of greater 
or lesser degree may recur for the succeeding twelve months. Epistaxis 
and dizziness are common ; the weakness and lassitude persist for 
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weeks after the pyrexia has subsided, and it may be months before 
the normal health is restonal. The spleen is not palpable. 

8u(*h is the description of the generalized disease as it is met with 
in man. When infection results from inoculation, the effect is purely 
local ; an inflamed pa})ule occurs at the site of inoculation, with 
secoiidary lymjdiadenitis. Following the bite of an infected chrysops 
or oth(‘r fly on some exposed surface of the body, the onset is suddem, 
with ])ains and fever. The initial ulcer ])resents a process of diffuse 
necrosis with infiltration of the base. Sometimes subcutaneous 
nodules n'sembling sporotrichosis appear on the anterior and posterior 
aspects of the forearm and along the lymphatics between the ulcer and 
t he regional glands. They are firm, movable and tender, and 4-10 mm. 
ill diameter. The patient may be jirostrated and have to retire to 
bed ; th(^ lymf)h-glan(ls draining the bitten area subsi^quently become 
inilamed and swollen, and suj)puration may occur. 

Infections of the eye and conjunctiva, causing acute conjunctivitis, 
have be(‘n recorded by Vail, Lamb, and others. In America an ocular- 
glandular process is well recognized. The primary lesion is of the 
conjunctiva and then; is a regional lymphadenitis of the head and 
neck. ^J’here is severe conjunctivitis with chemosis and oedema of 
the lids and surrounding tissues. There is now little doubt, as pointed 
out by IltTrenschwand (11)35), that “ Parinaud's conjunctivitis,” first 
described in Paris in 1889, is none otluT than ocular-glandular 
tulara'inia. Parinaud rt‘cognized that it was infectious and that it was 
associated in some manner with animals. It is characterized by the 
granular condition of tlu; lids, with chemosis of the conjunctiva, 
intlammation and eidargcmenf of th(‘ preauricular lym})hatic glands. 
In 1917 and again in 1918 Herrenschwand observed two cases in 
Austrian soldi('rs, and isolated a bacillus ])athogenic to guinea-pigs 
(undoubtedly l>. tidarense) ; a small portion of a culture, accichaitally 
(lro])ped into tla* cantlius of the eye, iminediat(*ly produced the typical 
conjunctivitis. In 19P2 McCoy and Chajiiii noted a conjunctivitis in 
California associated with ground-squirrels, and this was iindoubtedlv 
the same condition. 

Three cas(‘s of laboratory infection of tulaneinia have been recorded 
in England. Though the debilitating effect is very marked, only one 
death in a series of seven cases reported from Utah has been recorded, 
and this took place from apical pneumonia. There is, apparently, a 
lasting immunity in man. There is no record of a second generalized 
attack, though, as in the case of Francis himself, a local reinfection 
may occur. 

Diagnosis. — The diagnosis is most readily effected by inoculating 
material from the patient’s ulcer, or gland-juice obtained by aspiration, 
into guinea-pigs, mice, or rabbits, thereby producing generalized 
disease in these animals, when the organism may be isolated with ease 
from their tissues on special media. The organisms are rarely present 
in the blood of human cases. Agglutination tests can readily be 
20 
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performed ; the serum of patients suffering from the disease will 
agglutinate suspensions of the organism in liigli dilutions, but, as 
pointed out by Ledinghain, where cultures of B. tidarense cannot ))e 
obtained, the spleens of infected mice contain tli(‘ organisms in such 
large numbers that an emulsion may be made of that organ in formaliri- 
ized citrate solution. Qji centrifuging this then^ may bo a dense 
deposit of organisms, which can be used for th(‘ pur[)ose of agglutination. 

The diagnosis of this condition has to be made* from plague aijd 
from rat-bite fever. In both cases alike it depends upon the recog- 
nition of the respective specific organisms. 

Treatment.— This is symptomatic only. The patient should 
be kept in bed for several weeks after the subsidtaice of the fever. 
Convalescence should be prolongcal. 

Prophylaxis. — Prt'vention depends in part upon the avoidance of 
contact with infected rabbits in the ('ndeiiiic an^a. The dangers of 
experimental work with B. iuJarense in the laboratory hav(^ aln'ady 
been sufficiently emphasized. The ])rev(‘ntion of th(^ disease, from 
the public health point of view, should not cause any gr(‘at difficultii'S. 
Sick or dead rabbits must be handled with great (auition, and rubber 
gloves must b(‘ worn by laboratory workers, niarketnien, cooks, (dc., 
in view of their great liability to inhx’tion. Cooking destroys the 
infection, as does also prolonged freezing. 
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MELIOIDOSIS 

Synonyms. — Stanton’s T^isoase ; J^icunio-cntcritis ; Pseudocholera. 

Definition.— This is a rare, p;landers-]ike disease occurring]; in 
Purina, the Malay Statics and possibly C'eylon. Tlie name melioidosis 
was su< 4 ‘,mst(*d by Stanton and Fletcher in order to describe its close 
relationship to ^danders ((ireek, viaJifi or inelis). According to Alcock, 
the correct but imP'gant terminology ought to })e “ melidoidosis.” 
A monograph on this disease was published ]>y the ab(>ve-nanied 
worluTS in 1932. 

History. This disease is due to Bactprium {Pfeifferrlh) whitmori (Whit- 
more, 1911), found at autojKsies of beggars in Rangoon. In 1917 Stanton 
and lhainessy found similar organisms in patients dying from choleraic 
symj)toms. According to Krishnaswainy the disease is specially common 
in Rangoon. Other castvs hav(‘ been found in Singa})on‘ and at Saigon 
and, according to Duke, it may occur in Fganda. In 1913 the infection 
ap})eared as an epizootic' amongst the laboratory animals at Kuala Lumpur. 

^Etiology. — Bacterium whitmori closely resembles B. mallei. It is 
a small bacillus about the same size and shape as tlie latter organism, 
and occurs in very large numbers in all the acute lesions of the disease. 
In hlms stained l)y Leishman's method, bipolar staining is very com- 
mon. On culture also it resemldes the glandi^rs bacillus very closely, 
but it is more actively motile and liquehes gelatin more rapidly. It 
grows luxuriantly upon jiejitone agar, forming a dense wrinkled culture, 
especially when the medium contains gha'erin : on broth cultures 
a pellicle is formed. Pro\Mi, Duncan and Henry liave sho\\m that 
B. whituiori can be distinguished from B. mallei by means of its be- 
haviour on a peptonized medium containing 1-per-cent, sodium 
fumarate. This organism is patliogenic for most laboratory animals ; 
for guinea-pigs, at any rate, the infection is more rapidly fatal than is 
glanders, but in eacli case, in the male guinea-])ig, acute orchitis is 
produced on intraperitoneal injection — the so-called Strauss reaction. 

The organism is excreted in the urine and fieces of infected 
laboratory animals, while several cases of natural infection in these 
animals, especially rats {Mus griseiventer^ Bonhote), cats and dogs, 
have been observed. In 1927 the first case was reported in a horse 
from the Malay States, when the bacillus was isolated from pus from 
the nose. 
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Pathology. — The^ lesions produced appear to vary very con- 
siderably. Apparently, numerous small pulmonary absci^sses, rouj^hly 
resernblin" those of miliary tuberculosis, are ])ro(lu(*ed. Nodules 
which coalesce and break down into abscesses are found in tla‘ liver ; 
they somewhat resemble those of portal pyamiia,, and have to be 
distinguished from aiufebic abscesses. The organisms have been 
recovered from the blood, urine, sputum, and lluid from cutam‘()us 
vesicles of patients dying from the diseas(‘. 

Symptoms. — The accounts so far published of lh(‘ symptoma- 
tology are meagre. The lirst cases observed by Stanton in IfMT w(‘rt; 
suffering from an acut(i diarrhoea, with colIa})S(‘ roughly r(‘sembling 
that of cholera, and it appears that. Si*veral ])atit‘nts who n*coven‘d 
from the initial intestinal attack died later from a form of sc'pticamiia 
with pulmonary k'sions resembling tubercidosis. During 1821 a few 
more cases were encountered, with similar syni})tonis. Oidy two 
patients are known to have recovered. There is usually a high rcanittcait 
and somewhat irregular pyrexia. Delirium aTid mania aj)})(‘ar to l)e 
frequent terminal symptoms. AVhat appears to lx* a chronic form of 
the disease is also knoAMi ; in this the lesions are contim'd to the skin 
and subcutaneous tissues, leading to cutaneous absc('ss(*s and collec- 
tions of pus in the liver, lungs, and s})ieen. Thv initial signs may bt* 
those of acute parotitis. Aery few cases have been n'cognized in 
women, but in them the brunt of the disi‘as(* falls upon tin* liladder 
and the kidneys. The disease is said to be s|)(‘cially common in 
morphia injectors, but this is probably a coincidence. How man is 
infected, as a general rule, is still uncertain. 

Diagnosis. — This is obviously best carricxl out by isolation of 
the bacillus from the fa'ces, urine, or blood, jind diffenmtijiting it 
from the glanders bacillus. In one instama* the organism was obtained 
from the c(‘rebro-spinal fluid (P. H. Martin). Stanton and Pkdcher 
report that the blood-serum agglutinates cultun^s of the organism in 
high dilution (1 : 25(J0 to 1 : 3000), a fact which is extrenudy useful 
in diagnosing the disease. Differential diagnosis from malaria, 
typhoid, dysentery, general tul)erculosis, plague, cholera and even 
liver-abscess, may be necessary. 

Prognosis. — Most patients die witliin ten days of tiie onset ; 
in chronic cases they may be ill for three to eight months or more. 

Treatment. — Cases were treated by Stanton with autogenous 
vaccines, which are said to modify the acuteness of the disease. 
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THE UNDULANT FEVERS (BRUCELLOSIS) 

Preliminary statement. -Ori.i^nially ilu* i(Tin liiidulant f(,‘ver was 
<o (K‘si;^niate a tyjx? of fevt;r, cuinmonly found in Malta and 
the Medit(‘rranean ar(*a pjenerally, wlii(di was usually referred to in 
medical literature as ‘‘ Malta f(?ver.” Recent experience, how’ever, 
lias shown that several closely allied fevers are to he classified under 
this headin^^ Thesi' fevers are due to infection by or^uinisins of the 
^enus Brunlhi. d'ht* followin'^ varieties of these or^uniisnis and their 
associated fex'ers are now recop^nized : 

1. lirurdln ))te1i1nisis (formerly known as Mic rococcus uicUtensis) 
which is ori^^inally a jiarasite of the ^^oat and which is usually 
conveyed to man in goat’s milk. 

2. liruccUa ohortiis (formt'rly known as Bocillus oJcorfus, Rang) 

which is an affection of the cow, in which it causes abortion. A 
strain (Brucella suis) also occurs in tln^ The infection appears 

to he convi'viMl to man through cow’s milk. 

Although Brucella viclitcnsis infections have more or less a tropical 
and suhtro])i(‘al distribution, those of the abortus type are now found 
all over the world, wherever epidemic abortion amongst cattle occurs. 

I. UNDl'iLANT FEVER (Melite.vsis Type) 

Synonyms.— Fehris I'ndulans ; Malta Fever ; Mediterranean 
Fi!ver. 

Definition.- — A disease of low mortality, indefinite duration, 
and irregular course, undulant fever is the result of infection by a 
specific germ — Brucella inelitensis. In its more typical form it is 
characteriz(‘d by a series of febrile attacks, each individual one, 
after lasting one or more weeks, gradually subsiding into a period of 
absolute or relative apyrexia, also of uncertain duration. Common 
and characteristic complications are a rheumatic-like affection of 
joints, profuse diaphoresis, anajiuia, liability to orchitis, and neuralgia. 
Although only occasionally fatal, the disease is a fruitful source of 
inefticiency and invaliding. 

History and geographical distribution. — Fornierly confounded with 
typhoid and malaria, undulant fever has been established as a separate 

* Anotluir sp;'cic8 of Brucella ia found in pigs {Hr. hronchifu’pticas ) — but there ia no reason 
to believe thal it is oornmunicabh' to man. 
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disease by the labours of various observers — Bruce (1887), Hughes, Gipps, 
Wright, Semple, and Bassett-Smith. Undulant fever appears to be more 
widely distributed than was formerly thought to be the case. It is not 
confined to Malta, or even to the Mediterranean ; it occturs in Italy, Francis, 
Spain, the Bed Sea littoral, India (Punjab), China, South Africa, Somaliland, 
West Africa, the West Indies, the Philippines, South America, and the 
United States, especially in New Mexico and Texas. Owing to the close 
relationship between Br. yneliicnsis and Br. abortus and the clinical resemblance 
between the two forms of fever they produce in man, it is extremely difficult 
to state the exact geographical range of each. 

Epidemiology and endemiology.— The following figures, supplied 
by Basseft-Sniitli, show the importance of undulant fever in former 
years to the British naval and military services in the Mediterranean : 


Incidence of Undulant Fever 



r- Army 

Strength Cases Deaths 

/ Navy — 

Strength Cases 

Deaths 

Total days 
sickness 

1900 

. . 9,203 

171 

10 

14,250 

356 

6 

22,998 

1901 

. . 9,384 

288 

10 

14,070 

286 

3 

16,987 

1902 

. . 10,889 

198 

10 

18,470 

436 

3 

27,432 

1903 

. . 10,608 

507 

11 

18,410 

400 

6 

30,541 

1904 

.. 10,615 

429 

15 

19,590 

430 

9 

28,458 


The most susceptible age is between the sixth and the thirtieth 
year. J.ength of residence does not influence susc(*ptil)ilitv. In 
Malta the natives suffer as well as visitors, while there and in other places 
where the disease is endemic it occasionally assumes an t‘pidemic 
character. The period of its greatest })revalence is the season of 
lowest rainfall, embracing June, July, August and Sey)temb(T, the 
disease differing in this respect from typhoid, which, in Malta, is more 
prevalent during the succeeding months, but cases may occur all the 
year round. This is cx})lained, not only by the greater use of milk 
during the summer months, but also by the fact that, following the 
birth of the kid in spring, contamination of the milk is mon* marked. 
The goats are not necessarily ill at all, excepting for their liability to 
abort. The disease tends to occur in particular towns villages, 
in particular houses, barracks, hospitals, and rooms, and in p 'rficuiar 
ships, manifestly originating in limited foci of infection. (V^rtairi ships 
were notorious foci Of the disease. All classes w(Te liable : the officer 
and his family as well as the soldier in barracks or tlu? sailor on ship- 
board. The organism has been found in motlu'r’s milk, so may 
presumably be transmitted to sucklings. 

It is not exactly correct to assume, as has so often Ixnai done, that 
because of these essential discoveries, undulant hwer has been banished 
entirely from Malta. The cases amongst the J^ritish military and naval 
population dropped from 245 in 1905 to 12 in 1907, but during the 
years 1929-35, there was a great increase in the number of cases among 
the civil population. Gatt (1938) reports that among the latter the 
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incidence of the disease increased till 1934, when as many as 7-25 per 
mille were infected. Among the indigenous inhabitants there is a 
deep-rooted prejudice against boiling of the milk, and they are not 
content unless the goats are actually milked on their doorstep. How- 
ever, tinned preserved milk is coming rapidly into favour among the 
poorer inhabitants as an infant food. 

Although the possibility must not be ignored, undulant fever is not 
generally transinitt<‘d directly from one person to another ; that is to say, 
is not, as a rule, directly communicable from the sick to the healthy. The 
germ is readily conveyed by inoculation ; the prick of a contaminated needle 
will sufVice. Moreover, it is a well -recognized fact that undulant fever is the 
most easily acquired in the laboratory from the handling of cultures. Living 
emulsions of the micro-organism should never be handed round for class 
work ; similarl}', infection may be conveyed by sucking a thermometer 
rec(‘ntly used by a patient. A very striking circumstance is that in some 
hospitals the nurses and attendants in the fever wards are ten times more 
liable to contract the disease than people not so employed. 

Milk . — It is now known that the infection is most usually conveyed 
in milk, and it has Ixh'II suggested that it may be introduced in other 
kinds of food, or in wat(‘r. Facts pointed very distinctly to goat's milk 
as the most im})ortant nu*dium. The organism was present in the 
milk of 10-50 j)er cent, of Maltese goats, and monkeys were easily 
infected hy feeding them on it. Immediately on the goat’s milk 
supply to the naval and military hosj)itals in ]\Ialta being stoj)ped, 
the cas(‘s of locally acquired undulant fever practically ceased. For- 
merly this fever was very common in Gihraltar. The milk supply of the 
garrison at that time was largely from animals imported from Mata. 
(Iradually these goats have died out or been got rid of, and no more 
have been imported. Concurrently with this there has been a marlo'd 
and proportional reduction of undulant-f(‘ver cases in the garrison, so 
that as a cause of disability it has now quite disappeared from the 
records of the Army and Navy there. There is one well-authenticated 
instance of wholt‘sale infection from this source in the case of the 
s.s. Joshua Nicholson, which shipped 65 goats in ]\[alta ; an epidemic 
of undulant fever broke out on board, and nearly all those who drank 
the milk of the goats were attacked. 

Cheese . — There is a considerable amount of evidence that undulant 
fever can be acquired by eating cheese made from the milk of infected 
goats. Several varieties of cream cheese made in the South of France, 
and even ripened cheese such as “ Camembert,” have fallen under 
suspicion. 

Manure . — In the department of Aude near the Pyrenees, cutaneous 
infection by manure soiled by urine of inf eel ed goats and sheep is 
regarded as possible. 

iEtiology. — Bruce in 1887 demonstrated the presence in the spleen in 
undulant fever of a special bacterium — now' called the Brucella meliiensis, 
and by a series of experiments proved that it was the cause of the disease. 
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Unfortunately, as the bacterium occurs only sparsely in the general circulation 
(unless in the earlier stages, when the temperature is high), to search for it 
in the blood in the later stages of the disease does not aid in diagnosis. The 
organism is present in abundance in the spleen pulp, and also in the lymphatic, 
glands, in which it j)ersist8 longer than elsewhere, and from both of which 
it can be recovered by cultivation. Bruce found it in the spleen in ten 
fatal cases. His results have been confirmed by many otlu^r obst^rvers. 
Injections of pure cultures give rise to a similar disease in monkeys and other 
animals, from whose blood the bacterium can be recovered, cultivated afresh, 
and injected into other animals, when it will again give rise to the disease. 
In five recorded instances, inoculation — intentional and accidiMital -of 
cultures of the bacterium into man has bt^m followed by the characteristic! 
symptoms after an incubation jK^riod of from five to fifteen days. 

A variety of the organism. Brucella jmramelitvnms, which givt*s diffident 
serological reactions from those of the original strain. Inis b(*eii recognized 
as responsible for those cases of clinical undulant fever in Tunis and Algcuia 
which do not give an agglutination reaction with culture's of inrliteusis. 

Br. vielitcnsis measures 0*33 /x in diameter. It occurs generally singly, 
often in pairs, sometimes in fours, but nc'ver, unless in ('ultun', in longer 
chains. It is CJ ram -negative and readily stained by a wab'rv solution of 
gentian-violet, and is best cultivated in a 1 |-|>er-cent. very fec'bly alkaline! 
peptonized beef agar ; in this medium, some time aftc'r inoculation, it appears 
as minute, clear, pearly specks. After thirty-six hours the cultures become a 
transparent amber ; later they are opaque. No liquefaction occurs in g('Iatin. 
The individual colonies are small, round, somewhat rais(‘(J discs growing to 
2-3 mm. in diamc'ter about the ninth day. The o{)tin]um temperature for 
growth is 37"" C. In bouillon it may produce a general turbidity. As a 
rule, the organism cannot be cultivatexi under anaerobic conditions. 

At one time believed to be a delicate organism, recent investigations 
have shown that the bacterium <‘an live for a long time in water, in dust, 
or on the cIoIIk'S of patients, and that it is not killed by cold or desiccation. 
Moreover, it is now known U* be (‘xen^ted in the uriiu! of man in 10 jK'r (‘('lit. 
of convalescent ('ases, and to o(‘cur in great abundance in the milk and urini' 
of apparently healthy Maltese goats (50 per cent.), and probably of cows. 
It is also found in dogs (9 per (rent.), sheep, and hors('S. 'j'hesi' tacts account 
in part for the great frequency and dissemination of the (liseas(' in such 
insanitary places as Malta, to which place they specially n'fer. 

Br. melitensis (;an be cultured from the blood-strt'am during th(' height 
of the fever in a considerable proportion of cases ; for this j)ur})(> e 5-10 c.c. 
of blood should be withdrawn from a vein, and w(dl diluted in tlcsks, (!ach 
containing 50 c.c. of brjuillon ; these should be examiiual daily during a 
week’s incubation, or even longer. Sometimes it can b('. grown mon easily 
from the blood-clot, and successful isolations have obtained after 

26 days’ incubation. It has occasionally been obtained from the faa^cs. 
The serum of undulant-fever cases of this and the abortus tyjx', as well as 
the milk of infected goats will agglutinate it. The organism has been 
recovered from the gall-bladder by Eyre. Amongst the smaller laboratory 
animals, the guinea-pig is highly susceptible to inoculation — a minute dose 
injected intraperitoneally causing prolonged infection. 

Br. melitensis was stated by Evans, Myer, 8haws and others to be morpho- 
logically, culturally, and serologically similar to Bacillus abortus (Bang) 
now known as Brucella abortus. Three strains, melitensisy 'paramelitensisy 
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and abortus, arc separable one from another only by means of absorption 
tests. Cultures of Br. abortus are agglutinatt^d in high dilutions of the serum 
of patients suffering from undulant fever. The most satisfactory method 
of differentiation of the varieties of Brucella is agglutinin -absorption : this 
criterion must be applied to infections in animals and in man in order to 
determine their aetiology. 

It is well known that Br. melitensis may yjroduce abortion in goats, though 
the animals themselves may exhibit no other eliriical changes of disease. 

In monkt'ys intramuscular injecti(>n produces within three days a ris(‘ 
of Uunjx^rature and death within three weeks. According to Burnet and 
Conseil, melitensis is at k^ast a thousand times more pathogenic for monkeys 
than is abortus. Indeed, only enormous doses of abortus will produce any 
effect at all in small monkeys. 

Pathology.-- -The disease has almost no pathological anatomy. 1’he 
spl(‘en is the only viscus which is distinctly disf^ased. In undulant fever 
tliis organ is enlarged (average 17 oz.), soft and diffluent ; on microscoy)ical 
examination the lymphoid e(‘lls are found to be increased in number. There 
may be sf)me congestion and even uh‘eration of the intestinal mucosa, but 
this is not an essential feature. Other organs show ehielly cloudy swelling, 
and glomerular lu'phritis may be pr(‘sent. 

Symptoms.— The [H'riod of mcuhniion in tlie iiaturally-ac(|uired 
distais(‘ is dilliciilt to fix. C'ases have occurred as early as six days 
aft('r Jirrival, otluTs as late as fourteen and sin enttn'ii days after lea\ ing 
Malta. SoiiH' hold that the distaist^ may nunain latent for inontlis. 
It begins generally with lassitude and malaise, such as we associate 
with th(‘ incuhation of maiw specitic fevers, ])articularly typhoid. 
Ther(‘ are lieadache, honeaclie, anorexia, ami so forth. Tain in the 
(‘y(*s, (‘Specially on lateral movement, is ^■(‘rv characteristic. There 
may h(‘ a pi'culiar s(*nsitiveness of tlu* alv(‘olar margins of the jaw 
and painful mo\(‘ment of the t(‘ni[)oro-mandihular joint. At first 
th(‘ patii'iit may go ahout liis vork as usual, (iradually the daily 
task h(H’om(‘S increasingly irksome, and he takc'S to hed. Headache 
may now become intiaise, and, in addition, the i)atient will suffer 
from thirst and constipation. At the conmu'ncement the symptoms, 
ex(*t‘}U that, there is wry rarely diarrlicea, resemble those of typhoid. 
Th(‘re are no rose spots, however, then or at any subse(|uent ])eriod. 
TIk'H' is evidc'iice, in tlie coated tongue which looks as if covered with 
white })aiTit, in th(‘ congested pharynx, the anorexia, and the e})igastric 
tcuiderness, of gastric catarrh ; and the occasional cough and harsli, 
unsatisfactory breatliing at the bases of the lungs indicate some degrees 
of bronchitis or of puluKuiary congestion. There may also be 
d(dirium at night, but as a rule there is insomnia. The fever is usually 
of a remitt(‘nt type, the tempt‘ratur(^ rising about midday (geiu'rally 
about ‘2 p.m.j and falling during tlu' night, and th(‘ patient htvoming 
bathed in a profus(* perspiration towards morning. The splet'ii and 
the liver, hut (‘S})ecially th(‘ foriiuT, ar(‘ somewhat (‘n larged and 
perhaps, t(*nd(‘r. Jjumhar pain may be si'vere, while insomnia is a 
distressing feature. 
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After a week or two of this type of fever, 
specially distinguished by pains and perspira- 
tions, the tongue begins to clean and the 
appetite to revive ; but, notwithstanding 
these signs of amendment, the patient still 
remains listless and liable to headaclie and 
constipation. He continues feverish and at 
times j)erspires profusely. Gradually, how- 
ever, although the })atient is amemic and 
weak, subjective symptoms become less 
urgent ; he sleeps \v(dl now, h(‘ has no de- 
lirium at night, and lie can take food, and 
this although th(^ ])ody-tem})erat un^ may still 
range slightly above the normal. Tlu*n once 
more, and perhaps over and over again, 
fever with all the former sym])t()ms gradually 
returns : and now, if it has not declared 
itself before, the peculiar fleeting rheumatic- 
like affection of the joints or fascia*, so 
characteristic of the disease, shows itself in 
a large proportion of cases. One day a kne(* 
is hot, swollen, and ten(h‘r ; next day this 
joint may be well, but anotla'r is affe(*ted ; 
and so this metastatic, rheumati(*-like con- 
dition may go on until nearly all tlu* joints 
of the body have bf*en involved om* after 
the other. The patient may suffer also froin 
neuralgia in diff(*rent nerves— intercostal, 
sciatic, and so on. Orchitis is an occasional 
early complication, and may lx* mistaken for 
testicular mumps. In some cases these com- 
plications are severe and characteristic ; in 
others they may be mild, or absent alto- 
gether. In this n^spect the same infinite 
variety exists as in other sf)ecific fevers. 
In severe cases a })urpuric condition with 
bleeding from the gums is oce'asit nally ob- 
served. Epistaxis may occur. 

The most characteristic fc^ature of un- 
dulant fever is the p(!culiar behaviour of 
the temperature (Chart 14). In a mild case 
there may be a gradual ladder-like rise 
through a week or tt‘n days to lOB"" or KfE E., 
and then through aiiotla^r wc*ek or si) a 
gradual ladder-like fall to normal, the fever, 
which is of a continued or slightly remitting 
type, leaving for good without complication 
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of any sort in about three weeks. Such mild cases are the ex- 
ception. Usually, after a few days of apyrexia, absolute or relative, 
the fever wakes up again and runs a similar course, the relapse 
being in its turn followed by an interval of apyrexia, which is again 
follow(‘d by another r(‘lapse ; and so on during several months. This 
is the “ undulant ” type from which Hughes derived the name he 
suggestcid for the diseasti — fehris undulans. A factor of practical im- 
portance from the diagnostic point of view is the tendency for the 
fastigiuin of tlai temperature curve to occur towards midday, or 
early afternoon (geiuTally about 2 p.rn.) ; this feature distinguishes 
it from typhoid, in which the maximum rise generally occurs tow^ards 
6 p.m., or from other long-continued septic fevers, such as that in 
hepatic a])scess, in which this takes place towards night-time. 

In cases of another class a continued fever persists for one, two, 
or more months, with or without the usual rheumatic, sudoral, and 
otluT concomitants — the “ continued ” type of Hughes. 

Usually remittent or nearly continued in type, in a proportion 
of instances (generally paramelitensis infections) the fever exhibits 
distinct daily intermissions, tin* swinging temperature chart suggest- 
ing sepsis, (‘iidocarditis, or malaria. Hut then* is no local evidence of 
sup})uration : tin* malaria parasite cannot be discovered in the blood, 
the quotidian rise of temperature is accomjianied by no ague-like 
rigor, or at most only by a feeling of chilliness, nor is the disease 
amena})le to quinine. This is the* “ intermittent ” type of Hughes. 
In otlii'r instances tht*se ty])es may be variously blended. 

In some patients, two to three months may elapse before they 
are finally rid of the tendency to h'brile attacks and characteristic 
pains and a(*hes. According to Hassett-Smith, the average duration 
of the disease is four months, but it may last tw'o years. The shortest 
period is about three w’eeks. 

As in other zymotic diseases, cases of all degrees of severity are 
met with in undulant fever. Bassett-Smith recognized five types : 

{(i) A nihuhint . — The patients have no symptoms, but are excreting Br. 
nieliiensus in tht'ir urine and are naturally potential sources of infection. 

(b) Mild cases . — These last about a fortnight and are apt to be 
mistaken for paratyplioid. 

(c) The ordinary type. 

{d) The malignant type, with hyperpyrexia and toxaemia. This 
may be fatal, and considerable difficulty may be experienced in 
making a diagnosis, as in the case re})orted by Archibald in which 
death took place on the twenty-seventh day. 

(e) An mtermittent type with hectic fever, sw^eats, and general 
waisting. This is liable to bo mistaken for tuberculosis, and appears 
to be common in South Africa. 

Hydrarthrosis of a single joint cavity and superficial abscess 
formation on the chest or abdomen, without evoking a generalized 
fever, may also be produced by Br, melitensis. The Editor has seen 
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one such case from Somaliland in which, had not the organism been 
isolated from the abscess pus, this possibility could Mev(T liavo been 
suspected. Chronic infection resulting in osteomyelitis of the long 
hones has lan^n recorded. 

Complications and sequelae. — As a rule, by far the most serious 
consequences of undulant fever are the debility it entails, the emacia- 
tion, the profound anaunia, the rheumatic-like pains, the neuralgias, 
and such sequeke as abscess, orchitis, mastitis, j)ar()titis, boils, etc. 
It is estimated that orchitis occurs in four per cent, of cas(‘S. It is 
prone to give rise to ovarian pains, dysmenorrlnea, amenorrlKBa, 
menorrhagia, and to favour abortion and ])remature labour. In the 
male, intermittent ha'inorrhages from the urethra are not uncommon. 
The germ may pass into tlie fcetus ; childn'ii horn in such circum- 
stances are weakly. 

Complications such as splenic and hi'patic enlarginnent, enlarge- 
ment of the mesenteric and cervical glands, sn])}uirat ion, ])hk*]»itis, 
chorea, various psy('lioses, arteritis, endocarditis, mekena, hauna- 
turia, etc., are mt‘t with occasionally during tht‘ long course of this 
disease. AMam d(‘ath occurs it is usually from suddenly develop(*d 
hyperpyrexia ; occasionally it is brought alxnit hy exhaustion, hy 
hamiorrhages and })urpuric conditions, or ])y son)e pnlnionary (‘om}>li- 
cation such as pneumonia. Fatal gastric* and intestinal hannorrhagc'S, 
as in the abortus type, have hec‘n dt*scril)e(l on many occasions. In a 
f(‘\v instances tlie ievtT is a fulminating type, ra])idly ending in death 
from hyper])yrexia. 

After such a long, debilitating illness the snsc(‘i)tibility to tuber- 
culosis is much enhanced. 

A comparatively common scupiel is chronic inflammation of the 
sacro-iliac joint ; there*, may be Innmorrhages into the vesicula 
seniinalis, a fact noted lyy earlha* writers on this subject. 

Diagnosis. — d’he diagnosis of undulant lever from typhoid is 
an important practical matter; it is exceedingly difhcult in the early 
stages, lleliance has to la; placed princi|)ally on the characteristic 
temperature curve, the prc‘sc‘nc*c* c>r absence cjf rose spots, of diarrheea, 
of joint complications, and of swraits, the locality where; and the season 
in which the disease was contrac*ted, and the agglutination test. There 
may be considcTable h(‘sitancy in ditlerc ntiating it from poimonary 
tuberculosis, esp(;cially in the intcTinittent form, and there arc; cases 
of undulant fever with pulmonary signs and symptoms which may 
resemble that disease*. Again a meditensis iidect ion may “ light, up ” 
a quiescent tuberculosis. 

An intradermal or “ nielitene ” reac;ticm (Jhirnet, 1922) has hc*c'n intro- 
duced. Fen* the purpose; 0-2 c.c. of a killcxi broth-culture, (;ontaining half a 
million organisms, is injected into the skin. If the reaction is ])ositive, a red 
cedematous area results at the site, and persists for sevcual days. Adecpiate 
controls with broth and cultures of other organisms sliould be performed in 
adjacent areas of skin. According to Nattan- harrier the melitene reaction 
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IS best performed by injecting I’o-oo filtrate of a 20 days’ broth 

culture into the skin 4 in. above the elbow. In ty]iical cases the reaction, 
which consists of a red pla(pie 4-6 cm. in diameter, becomes positive in six 
hours and piu’sists for two days. The reaction is positive on the scviMith to 
tenth day of the fever and persists for ten months after recovery. ]t has 
b(‘en asserted by Wilson and others that if this reaction is rcjieated abscess 
formation may result ; even gangrene of the skin has b(‘eii olisiTvcd. 

Hamiomlture . — As early as the second day of the disease the organism 
may be recovered from the blocxl -stream. For this ]nir])Ose l-o c.c. of blood 
should be drawn off by mi^ans of an aseptic syringe and ^\ ith grc‘at precaution 
distributed into several llasks of broth. The broth should bi* incubated 
twenty-four hours, or for as long as five days, somi^times eviTi longer, and 
subcultures made from time to time on tryjisin-agar slop(‘s. On the fifth 
day, on further ineuliation, minute dewdroji-like colonies should bicome 
apparent, aial the (‘inulsion should be tested against a specially jirepared 
immune serum in dilutions from 1 : 40 to 1 : 400. It is said that cultures 
from the blood-clot may somidimes give* b(‘tt<‘r r(‘sults than those* from the* 
wheile blood. The* eirganism may be obtaiiu*d by sjilenic puncture, though 
this method is rarely justifiable*. 

Isolation from tla urine . — This is much more* difficult to obtain than from 
the blotKl. The urine must be obtained eithe‘r by catheter or niielstream 
s}H‘cimen after the fifte‘enth da}’ of the disease. Every jirecautiem must be 
taken tei pr(*vent contamination, to which BracdUi is very sensitive. 

Aiiijluimaiion tc.st . — Agglutination, if pe-rfornied by tlie inacro- 
S(*o})ic nie'thod and with nioclern te*('lini(jn(*, will g(‘ne*rally give p(tsiti\e 
n'sults, though this reaiction is not always so reliable* as tlie* Widal t(‘st 
in typlioid fev(*r. There are several inij)ortant j)oints wbieh it is 
nece'ssary to reineinber in connection with the reaction. 

Sfr(rin of organiani eniyloyvd for ayylutiuoikm . — The serum, as 
a rule, contains no agglutinins till after tlie second week of tin* disease. 
It may be lu'cessary to (‘inploy several strains of Br. vicliicfisis, as 
W(*ll as cultures of Br. ]}arcnticlitensu. 

Titres of agglutination as high as 1:6000 have been reported 
in man. 

As other seTa are known to agglutinate tlie organism in low 
dilutions, it is recomnu'iided that tlie blood be lu'ated to 06 ’ C. for 
half an hour before being used for the test, in order to dt'stroy non- 
specific agglutinins. I'he occurrence of a jiroagglutinoid zone (or 
zone of no reaction) may be a source of (‘rror, but only in higher 
dilutions, and it is possibly due to the presence of anti- 
agglutinins. It is nt'cessary, therefore, to employ a considerable 
number of dilutions (xcc ]>. 1080). 

According to Iwedingham the serum of tulanemia agglutinates Br. meJi- 
tensis. A problem of differential diagnosis may arise when a s(‘rum agglutin- 
ates both B. tularense and Br. jnelitensis in equal titiT\ This can only be 
settled from a serological asfiect by testing for the absorption of agglutinins. 

After the fever has gone on for several weeks, diagnosis is, of course, 
easier ; in the early stages, on clinical grounds alone and, apart from 
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the agglutination test, it may be, as already stated, almost impossible. 
Tuberculosis, abscess, empyema, malaria, relapsing fever, and all the 
causes of continued high temperature of a sej)tic type, liave to b(^ 
carefully excluded in attempting a diagnosis. The possibility of the 
concurrence of another infection — typhoid, for example — must not bo 
overlooked. 

Prognosis. — As a geiuTal rule, in military and naval forces the 
mortality-rate is low, from 2 to 6 per cent., but in the civilian 
population it may be considerably higlier. Death may occur from 
hyperpyrexia , heart -failure, or pulmonary com])lications. Bassett - 
Smith pointed out that a piTsistent temperaturi^ of 104° F. may indicate 
a grave prognosis, as may also an intcu'mit tcait ])nls(‘. Alarming 
symptoms may develop at any stage of the disease, especially in 
relapses. Though it may be unwise to for(M*ast how long a feveu 
may last, yet when the pyrexia has subsided for moia' tlian t('n days, 
and the patient’s tongiu'. is ck‘an and his aj)p(‘tit(' good, no furtluT 
relapses may be expect tal ; but a short terminal ris(^ of t(‘mj)erature is 
frequently met with. 

In the malignant type of case tla* deatli-rato may be 10 p(‘r cent, or 
more. A persistent temperature of 104° F. and an intermittent pulse 
are to be regarded as grave, as are also ])neumonic com})lications. 
The after-effects of the disease are often incapacitating, (‘S[)ecially 
as regards the production of neurasthenia, neuralgia and cardiac 
weakness. The de])ility wdiich r(*sults makes tlie convalescent 
an easy prey for any intercurrent disease. It is normally considiTed 
that, as a general rule, a lasting immunity is ccmfernHl by one attack. 

Treatment. — AVhen the diagnosis is sure? it is wdl to give a purge — 
none better than calomel and jalap- and to instruct the attendants 
to keep the patient’s temperature systematically l»elow 103° F. by 
cold sponging with vinegar and water or, if necessary, by (*old bath 
or by ice variously applied. In view of the ])rolonged nature of the 
fever this measure is one of importance : at the same tiiias such treat- 
ment need not be aj)plied too energetically, or so as to depress : a 
fall of 2° or 8° is all that is d(^sirable. 

Phenacetin and siinilar antipyretics are also ofttai given to bring 
down temperature : but the wisdom of employing d(‘pressing drugs 
in so chronic and asthenic a diseast^ is, to say the least, quet ionable. 
Threat of hyperpyrexia is best met by early employment of sjaaiging, 
the wet pack, or, if necessary, the cold bath. Sleeplessne.-s may 
demand hypnotics, such as trional, veganin, or allonal; h<‘adach(‘, if 
severe, moderate doses of phenacetin, pyramidon, or a similar drug ; 
inflamed joints or testes, the usual local applications ; constipation, 
enemata or aperients. In fact, the treatment resolves itself into a 
treatment of symptoms. 

X-ray therapy, — Eudnew and Krumberg have instituted a now 
treatment by X-rays. The region of the spleen is irradiated for fifteen 
minutes with a fixed dose, filter 4 A. 1., tube 10 ~|- 15, 2 milliarnp^res. 
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Vaccine-therapy . — The therapeutic use of vaccines of dead 
orgajiisnis, prepared and administered according to Wriglit’s metiiods, 
has bec^n favourably reported on. 

Autogenous naccine . — Jn the bidi tor’s experience, stock vaccines 
are of little beneht. The vaccine should be autogenous and prepared 
from the })ati(?nt’s organism isolated from l)lood-culture. In tlie 
latter instance*, as a general rule, a considerable local reaction devehjps 
at the site of injection. In these cases where blood-culture has been 
successful the initial dose should be 50,0(10, 000 organisms, and it 
should 1)6 progressively increased at lhri*e-day intervals, up to 
200,000,000. hi intractable cases the administration of \accine in 
this manner certainly results in the lowering of temperature and in 
th(*. clinical improvenu'iit of the patient's condition. Occasionally 
a })ooled vaccine mad(* from sev(*ral dilTi*rent strains ])roduct*s l)ettor 
results than do<‘s an autogenous oin*. According to modt‘rn conceptions 
of tli('rapt*utics vaccine tiuTapy is host combined with sulj)hanilamide 
treatment . 

Pwfebi-shocJ: iherapy with non-sj)ecii‘ic jirotein (T.A.lb) has been 
found to have the effect of cutting the fever short Iw jiroducing a 
febrile reaction with rigors p. 328). 

Serum-therapy . — Sergent and Lheritier have ])rodiic‘ed an anti-melitvnsis 
.‘^erinn by intravenous inoculation of cultures into a horse. They say it is 
efTeetive if givt‘n in doses of 50 e.e. on three consecutive days. It is useful 
in I'hronie as well as in acute eas(‘s. An anti-inelitensis serum is also })ut 
u}) by Mulford, and is given in do.ses of from 50-100 e.c. It may be given by 
the intravenous route and re}H*ak*d at twenty-four-hour intervals. 

Sulyhauihufinles. -The treat nH*nt of fevers of tins ty))e with 
])rontosil or other sulplianilamides is now being tried out. .Neumann 
and Petzetakis refiort that their results are on the whole favourable. 
Apparently prontosil is b(‘st given intramuscularly — 5 c.c. of prontosil 
soluble by injection for Um days, and simultaneously 1-5 gnu. (3 
tablets) daily by the mouth. After an interval of seven days, the oral 
treatment is recommenced for twenty days, and thereafter, if necessary, 
further treatment on tin* same lim‘s is instituted. Tlie n*sults in children 
were specially favourable, and in these 4 tabhds (2 grm.) are given 
daily for a week or ten days. (1 roues has furth(*r reportt'd good results 
in eight cases from combined treatment with vaccine and sulpha nil- 
amides, It appears necessary tluit large doses of M. and B. 093 should 
be employed, and that tlu) treatment should be persistt*d in, but the 
editor, from his expc‘ri(‘nce do(‘S not recommend intraviuscular injec- 
tions of M. and B. 093, which liiay ])roduce painful and intractable 
local reactions. Becent ex])t‘rience has shown that failure of 
sulplianilamides is j)robably due to insulticient dosage, and adults 
should be given 4-9 grm. daily for courses of four or five days each, 
what is known as “ 8toss-Therapie.” It is curious that infants and 
small children tolerate sulphariilamides better than do adults ; even 
a child of two months may tolerate 3 grm. daily. Toxic sequelie are 
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metha3inoglobintpnia and a morbilliform rasb. Debono (1938) in 
Malta, in severe cases, lias been unable to find any advantages from 
this treatment, when be gave 4*5 grm. prontosil daily by tbc moutb for 
seven days. 

Fovadin. — Nc'iiinann from Malta has reported favourably on a st'ries of 
eases treated by intramuscular injections of fouadin. This is a trivaliuit 
antimony compound (pyrocatechin-disulphonic acid, sec ]). 725). Beinj; 
non -irritating, it is given into the glutt‘al region in doses of 1-5 c.c. on the 
first day and 3-5 c.c. on the second, followecl by 5 c.c. on alternaU' days. 
The maximum dose for women is 4-5 c.c. Th(‘re is no pain at th(‘ site of 
injection, the drug is well tolerated, and no secondary effects have been 
observed. In a series of (‘ight cases the temjxwature settled to normal in 
ten days. 

Tile did at first sbould consist of milk (in Malta, boiliHl) ; later, 
of broths and eggs and, if necessary, stimulants ; but note that on 
SKlphanihiDiide treatment the latter should be omitted. Solids must 
not be freely given during high fever or when tbt^ tongu(‘ is coated. If 
appetiti^ is ])r(‘S(Mit, ordinary simple food may be taken. Lemonade or 
lime-juice sbould be given after a time ; not nuTidy as a pleasant, 
tbirst-r(}lie\ ing beverage, but wdtb a view to averting scurvy — not at all 
an improbable complication, if the dietary be too r»‘strict(xi over a long 
period. Feeding must b(^ conducted wdtli the greati'st circumspection, 
avoiding overfeeding on the one band and a low monotonous di(‘t on tla* 
other. The tongue and the appetite are the best guides. 

Exercist', travelling, and anything that tends to induct* fatigue 
an* })rone to jirovoke rt'lajise if indulged in prematurely ; lint a couch 
or chair in the garden is to be encouragcal, weatlu^r permitting. The 
paticait should rest for at least three w^eeks after the temperature has 
become normal. 

Flannel cJothing should be worn, and frequently changed if then: 
is much sweating. 

AVhen j)Ossible, tlie subject of undulant fever would do well to 
avoid the endemic area for one or more years after recovery. In 
chronic cases a change of climate wmild appear to })e the only thera- 
])eutic measure of value. 

Prophylaxis. -Malta and those Mediterranean ])orts in which 
this fever is endemic should b<i avoided by pleasure- and lieaLii-seekers 
during the summer. Those who are obliged to live there all the year 
round would do well, at this season, to leave the towns and reside 
in })laces of healthy repute in the country. As a matter of precaution, 
in the endemic areas the drinking-water, fo(jd, and drains ought at 
all seasons to receive si)ecial attention. All vnlk should ha avoided^ 
or sterilized by boiling, and food dishes should be washed with boiled 
water. Every care should be taken to avoid insect- bites and other 
skin lesions. Laboratory workers must be careful in handling cultures 
of the bacterium ; the accidental introduction of the organism into 
the conjunctival sac has sufficed to cause the disease. 
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The discovery tliat goat’s milk is the principal medium through 
which undulant lever is communicahai to man has led to very striking 
and im])ortant resuKs. Unfermcailed claa^se is a frequent source of 
infecfion and should ho ])r(‘vented. Jn Toulon the disease has ])een 
traced to “ fromage cervelle ” made from the milk of sheep and goats. 
Propljyljict ic measures should therefore he l)ased on the considerations 
that ey)idemic al^ortion in cattle and undulant fever in man may be 
closf'ly connected. 

On th(‘ recoin nieiidation of the Mediterranean Fever Commission, the 
us(“ of the milk of the iMaltese goat was inU*rdieted for the naval and military 
forces of that island. Imm(‘diat<"ly the ini'idcaice of undulant fever began 
to droj)- in the Navy, from an average f)f 240 per annum up to 1000, to 
3 in 1010, and in tlie Army, I'rom a previous average of 315 ])er annum to 
0 in 1007. Jn 1000 the hf/alth authorities in Malta w'er(‘ authorized to kill all 
goats whose blood or milk gave the Jirnrella Tneiitfthsis reaction, Tlie goat 
})opulation of the island vas consequently reduciai from 17,110 in 1007 to 
7,(>10 in 1010. Concurrently the f(‘ver incidence in the civil population fell 
IVom an annua average of (>32 to 318 (lyyn*). At present, con.s(‘C|uent u[)on 
the issue of condensed milk in j)lace of goats’ milk the incidence of undulant 
fever has b(“(>n gi'catly reduc(‘d in Malta (Stephens), ^\hile it has completely 
disa})}>ear(‘d as a factor in the sick-list of the Army and Navy ; ind(H‘d, it is 
correct to state that no authentic ease has been recorded within the last 
tlirc'c years. 


These facts suflice to indicate the direction jtreventive measures 
sliotdd take. It must be borne in mind that certain products of 
milk— clieese, butter, etc.— may communicate the germ, and, further, 
that infected goats may appear to be in perfect health and may milk 
satisfactorily. 

The ])r(‘valence of infected animals is best determined by cultivating 
the organism from their blood or milk ; failing this, serum reactions 
(j). 317) and Zammit’s test are employed. Tin* latter, which is known 
as the lacio-rcaciion, consists in diluting the milk to 1 : *20 and mixing 
it with a dense emulsion of Br. vicJiicusis or ])arin)icriimsis. The 
mixture is drawn up into a cajiillarv tube and ydaced in the incubatc'>r 
for tw(‘nty-four hours, when any sedimentation present may be 
detected. It is better to heat the milk first to 50^ C. for half an hour. 

'Idle pro})ortion of infected goats lias been estimated as follows : 


Malta 

Algeria 

Fuiiis 

Marseille's 


50 per cent. 
3-4 „ „ 

30-7 „ „ 

34-2 „ „ 


Zaminit and Debono attc'mpted to immunizes the Maltese goat by 
employing dermal immunization. A filtrate of a broth culture is 
sprayed over tlui manimary region and into the mouth, and 1 c.c. 
is injected intradermally in four places. The treatment is rejieated 
four times on alternate days. 

21 
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Prophylactic inoculation . — Nicolie and Conseil conducted some 
experiments on man wliich seem to show that it is ])()ssible to immunize 
against undulant fever by subcutaneous injections of killed cultun's 
of the organism, and similar results were obtained by giving 100, 000, 000 
organisms by the mouth on three consecutive days, and again on the 
fifteenth day. These results were controlled by subsequently injecting 
cultures of living organisms ; the controls in both cases developed 
undulant fever. 

Dubois and Sollier have employed a vaccine of ^'arious strains of 
tnelitensis mixed with two strains of (tbortns. The coinphde vaccine 
made up of five strains contains 2,000,000,000 organisms per c.c. 
The first dose is 0'2r) c.c. or 500,000,000 ; the second 0*75 c.c. or 
1,500,000,000; the third 1 c.c. or 2,000,000,000. The full course of 
injections was given to 111 persons engag(Hl in dealing with infected 
animals, and none of these developed undulant fever. 

II. UNDULANT FEVEK (Ahoktus Type) 

Synonym. — Abortus Fever. 

Definition. — A definite variety of undulant fever in man produced 
by Brucella abortus caused by infection by the organism of contagious 
alDortion of cattle and swine. 

History. — In 1878 l.(e}mert transmitted contagious abortion by intra- 
vaginal inoculation of pregnant cows with the vaginal discharge's of aborting 
animals, and in 1896 Bang and Stribolt demonstrated small dram -negative 
bacilli in the uterine exudate of infecU'd cows, and isolaUid the organism 
in pure culture. This was later confirmed by Pnasz (1903), Nowak (1908), 
McFaydean and vStockinan (1909), and by MacNeal and Kerr in the United 
States in 1910. 

In 1918 Miss A. C. lOvans first showed the close relationshif) between 
Bang’s bacillus and Brucella 7/Lelitensis. Later she showed also that a close 
association existed between Br. hronchiseplicus, an organism whicdi jjroducos 
a distem})er-like disease in dogs and pigs. There appears also to b(‘ some 
connection with B. tulareuse.y the organism of tularauuia. 

In 1911 Schroeder and (xjtton in the Unik'd States found that as the 
result of injecting guinea-pigs with cowls’ milk, 14 per cent. wer'> infected 
with Br. abortus. In 1914 Kennedy, in London, noted that agghitinins of 
Br. abortus (which was then thought to be inelileusis) were to be found in the 
blood serum and milk of London cows, and shortly afterwards this was 
confirmed by Bassett-Smith. These observations liave bec'ii extended by 
Wilson and Nutt in 1926, and extensive investigations on commercial milk 
were undertaken by Walker Hall, of Bristol. 

In 1922 Be van suggested that a type of undulant fever in Rhodesia, 
which had in recent years become very prevalent on farms where there were 
large numbers of cattle themselves infected with ej)idemic abortion, was 
really caused by Br. abortus. He considered that the cow in this case was 
the source of infection. In 1924 Bevan’s suggestions were amply confirmed 
by Orpen, who on comparing strains of Br. abortus isolated from human 
cases and those derived from cattle, pronounced them to be identical ; in 
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the same year Duru^an isolated in London Br. abortus from the })lood of a 
Rhodesian nndulant fever case. From this time onwards it came to be 
recognized that sjmradic cases of nndulant fever occurring in European 
countries were of the abortus type. In 1928 Aiiblant, Dubois, Lafenetre, 
and Lisbonne found that in France between 3,000 and 4,(X)0 persons had 
suffenui from nndulant fever within a space of three years, and in the South- 
East Mediterranean arf‘a thf‘y attributed the prevalence of the disease to 
herds of sheep inf(‘cted with Br. abortus and the infection of man to the 
drinking of sheei)s’ milk. In 1925 the Editor described cases of nndulant 
fever of the abortus typ(‘ in England which undoubtedly were attributafjle t(j 
cow’s milk. Madsen in 192S found abortus fever wid(*spread in Denmark. 
In 1920 Huddl(‘ston reported three cases of Br. abortus inf(‘ction amongst 
students engagi'd in hanrlling cultures in l.^.S.A., and in (h'rmany there are 
recorded the cases of five veterinary surgeons wlio contract(‘d nndulant 
fever from abortus- infected cattle. In 1931 over 1,545 cases were notified 
in the l/nit(‘d States. Horning (1935) has re])orted a severe outbreak of 
this fever in (’oniu'c ticut in which Br. suis, the variety found in pigs, was the 
cause. Thn'c cases wvro fatal. In this outbreak the cows had become 
infected with th(‘ Br. suis from the pig herd. 

Geographical distribution.- riidulant fever of the abortus 
fy])(‘ in man has now hi*en reported from the following countrit^s : 
Italy, ('anada, E.S.A., Dr-nmark, Swed(*n, (lermanv, Holland, Switzer- 
land, Austria, Roland, and f’alestimo In England the number of cases 
identified as alxu'tus ft vtT is growing ytairly, and in 1983 over 140 sucli 
w(T(‘ re(‘ogniz<‘d and reporttal. En‘vi(uis to this sporadic cases had 
het'ii n^porttal from time to tina* ami an atfem})t liad been made to 
ascribe them to occasional drinking of goat's milk. Such cases were 
report(‘d by Dyam in 19IS, and by Damforth and th(‘ Editor in 1927. 
Since that tiiiK' the organism (Br. abortus) has been cultivated from the 
blood, urine, and fa-Ci's of man, in British cases. 

iEtiology. — Traum (1914) isolated BrurcUa from a ]hg fevtus. Br. suis 
is traiismissibk' to cattk‘ and also to sh(‘ep. and Huddleston has isolated the 
organism from the diseased testicle of a dog. Huddleston and Hardy, in 
Iowa, U.S.A., have established that in that State Br. suis is the cause of 
niany cases of abortus fever in man. There arc many refenmees to the 
concurrence of Br. abortus in the lesions of ])oll evil and of fistukuis withers ” 
in horsc's. Tlie organism is commonly associated with tlu'se lesions, but 
there is some difference of opinion as to whether tliev have' not merely 
migrated to a suitable s])ot, for th(‘ filaria worm Ou('hocf>’co crrvicalis is 
frequently associated with it. 

In England, the cow is considered to be the main reservoir of infection. 
Menton (1937) found no evidence that goats or other animals are infected 
with Br. nielitcusis in England, although cows can be artificially infected 
with it, and the organism will appcair in the milk. It has been shown that 
Br. abortus can be recov(‘red from (>-3 per cent, of cow’s milk. 

Since the discovery of the porcine strain of Br. abortus {B. suis) the 
Umdency in America is to ascribe human cases to this source. In the case 
of the pig, evidence in IJ.8.A. is to the effect that infection is acquired by 
meat packers from direct contact with the carcase. Doyle has now found 
that a small proportion of sows in England are infected with it. 
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Differentiation of Brucella abortus ivom Brucella vuHte nsis. — Br. abortus 
is usually somewhat larger than Br, melitensis, being from 0-4 fj, to O-b /x 
in thickness, and varying in length from 0*8 ^ to 2-5 or (‘ven 3 /x. TIk* 
organism is remarkably pleomorphic ; involution forms are of unusual occur- 
rence. The organism is isolated from the milk and uterine discharge's of 
infected animals. Normal strains of Br. abortus of bovine origin cannot 
be grown in primary eailture at the ordinary carbon-dioxide tension of the 
air, and to ensure growth it is necessary to raise* the* propoition of carbon 
dioxide to o per cent, or 10 per cent, by volume. I'lc'se reephre'nu'nts diminish 
as the strain is ])ropagated on artificial media. The simplest incthoel of 
growing this organism is in a Bullock’s jar in which cultures have Ix'en ])la< e(l 
for incubation, and adding a suflicii'id anuaint of pun* carbon dioxide to 
})rodTice the o})tinuiin concentration. 

The organism grows best on glucose^ agar by adding 2-])er-c('nt . glucose 
to a simple meat-extract agar medium set to reaction of 7-4, or in bild(>s’ 
medium. On jiotato slojees of alkaline rt'action, differences in the grov th 
charaeb'r of Br. abortus and otlu'r organisms of the grouj) may b(‘ found in 
week-old cultures; tlu* former gives a lunform crea my-ycllow grovAth, while* 
Br. melitcnsis and Br. jHirfuuelitcnsis yiedd a grf'yish-chocolate* or even black 
grow th. 

The reaction to dyes is important. 4’hc oborlus type is inhibited by the 
])res(‘ncc of thionin in suitable concentration, the porcine abortus ty[)e by 
th(' presence* of basic fuchsin, methyl viok't, or pyronin. Tin* bovine luditnisis 
type grows in the jjn'scnce of all four d\es. 

The formation of hydrogen sulphide? from ])re»te‘ins oi* aminobodie's ceni- 
taining sul])hur is one e)f the* nrnst important bioche-mical re*aetions. d'he* 
organism is grown eeii Staff setlfs liver-infusion agar me'elium at a re'action 
of pH ()•() and, atte-r sowing, a strip of l(*ael-ace*tate* paper is introeluce'd into 
the tube*. Aft(*r foity-cight hours’ incubation a distinct lelacUening of !e‘ad 
acetate e>e*curs in tid>f*s .sown with Br. abortus, while* Br. noUtrusis proeluce'S 
710 IKS at all. On s<*ie»le)gie‘al gre)unels, l)y me*ans oi the* absorption ed 
agglutinin ine*thoel, the* bovine* anel pore-ine* edyea7//.s' t vjm's may he diifci’cntia leei 
fre^in tlie* fuel itcusis t \ pe*. 

Jir. (it)ortus fi*oni cattle* is gretwii be'st by se*e*e}in*j gl see*: in agar slope's with 
tin* ut(*i*ine“ exudate, and insulating the'in uneh'r a. le»w(*re‘d prcssnie* of oxyge*n 
or in an atnie^syelieie ejf 1 0-j»er-e*ent . ’The* best ni(*the)d e»j asce'rtaifiing 

the })iesenc(‘ of y>?-. abortus in rjiilk' is b\ tlie e*n1tural me*t!iod. The* jnilk is 
seeded with a liver extract })e[)fe)ne-agar etemtaining 1 : lt>,0(M) gi ntian vir>le't 
in a ('()^ atmosphere. Altei-natively, O-b c.c. of the milk nia\ b** inje*cte'd 
sube'utaneously into the hind l(‘g of a guinea-pig, and the* anifnal i dle'd after 
three or four weeks; at the ])ost-mortem the inguinal and luinbo lymph 
glands will be slightly enlarged and (congested. 

For isolation oi Br. abortus ivom human blood, urine* or fiece'S, the* ()[)tir7ium 
or culture is a medium of pH b-N, a tx'injM-rature* of 37 ( and an at mosplu'ix^ 
of COg. When first isolat(*d from the blood or the syelccn, tlu* enganism may 
fail to show' vi.sible growth on the plates until after tlirei* da\s. Minute 
dew-dro]) coUaiies ai’e then st?en, which later b(*c,ome oj>a(|ue, aiul are* 3 mm. 
in diamet(*r on the terith day. Kvans considers that 1 p(‘r c(*nt. e>f glue'osc* 
greatly enhances the vigour of the growth 7ind that the n(*w grow th is obtained 
when liver is substituted for ordinary infusion -agar. I’or the first few' gamera- 
tions of culture an atmosphere of carbon dioxide must be maintained, though 
this is unnecessary for later generations. Huddleston and Ala*!! havt* shown 
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that the growth of Hr, abortus is inhibited by gentian violet, and that this 
can be ns(*d as a ini'ans of differentiation from Hr. m.ditrnsis. 

\Vh(Mi cultivated from thi^ blood the growth may be exceedingly slow. 
In one of the f>ditor’s casi's Wilson succeeded in demonstrating a growth 
on the twmity-lirst day of incubation, and Hainsforth (1933) has recorded 
success aft(‘r bO days. 

TIh; isolation of Hr. abortus from the fieees is no (‘asy matter. Amoss 
and Poston have succeeded b}' employing the following tiehnir|ue : a stool 
suspension is heaUul with an immune serum and clumf)s any organisms 
})r(‘scnt in the sediment, which is then sr‘eded into Teague’s medium. Two 
])lat<‘s are incubated in an atmosphere of air and two in a ( 'Oo atmosphere. 

Hr. abortus iti rattb . 3'his organism ])rcKluces abortion in otherwise 
hiNilthy cows by causing inflammation of the uttwine mucous membranes, of 
the J'o'tal namibivines, and of the fodus itself. The infection has become 
wry pre\'alent in highly bnal catth* herds when stabh* fed, both in England 
and in the Tnited States. 

The organisms occur first in the vaginal discharges as well iis in the 
exudate fiom the utiaus, while they are exereted in the milk of infecU'd cows 
loi many W(H*ks and even months, so that Jir. afjortus is frequently found in 
commercial milk. In Washington 14 jmt cent, has b(‘en found infectiHl, in 
Chicago 3n per cent., and in J)n‘.sden 32 per emit. When injected into 
guinea -j)iLC'^ tlu‘ infe(’t<‘d milk produced small tubercle-like foci in the lungs, 
Ii\'er, and kidneys, and swelling of the spleen, which takes about seven weeks 
to de\ (‘lop. Sheep and pig^s are less susceptible than are c*ow s. Tiie 
symptoms of th(‘ aff(“cti‘d cow are the (‘scapi^ of varying amounts of greyish- 
bi’own mucous discharge from tht“ muciuis membranes (»t the uterus and the 
chorion. It also alf<‘cts the udders and jirobably sjin^ads via the lymjihatic 
channels. When a pregnant cow is infectial the bet us is expelled within 
(‘ight to fourteen days, 'fhe fodus it.self shows infiltration of the subcutaneous 
and int ramuscidar tissiu's with Hr. abortus; the calves are born covered 
with a purulent i xudate and the chorion is converted into a leather-like 
substance, with buckling and wrinkling of the intercotyledonous parts of 
t he numibrane. 

Appaixaitly the bull may play an active part in conveying the inha-tion, 
loi’ the organisms have Ixam found rejieattally in its genital organs. 

The commoiK'st tinu' for abortion to be produced in cattle is from the 
fifth to the s(‘venth month and th«* incubation pi'i'iod lasts from oiu; to 
thirty-thi’e(‘ w (‘cks. 

When introduced into a fresh herd the dis(‘ase usually spreads ra[)idly 
and assumes (‘jiidmnic projiortions ; then it passes into an endemic state 
in w hich it itunains for ymirs. As a rule, the uterus frees itself quickly from 
the infection aiul Hr. atuirtus is to be found in the udder, and in the supra- 
mammary and pelvic lymjih glands, where it persists. From the udder the 
organism is excreted into the milk, and so it comes about that 34 per cent, ot 
cows which give a jiositive agglutination reaction excrete Jh\ abortus in the 
milk, and it has been jiroved that they continue to appear there for three years. 

ruder exjHU’imeiital conditions abortion may bt' produced in goats, 
guinea-pigs, rabbits, rats, and mice, and only rarely does it ])rove fatal. 
(Juinea-pigs may be infecU'd by rubbing eulturt's on to the depilated skin ol 
th(‘ abdomen, and w hen these animals are infeett'd artitically in this manner, 
they devidop lesions simulating tuberi’iilosis. 

Diagnosis. T^yuV/e/zc/c abortion in cattle. — Th(' diagnosis of this infection 
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in COWS is made by serum agglutination, which takes place in a titre of 1 : 100 
to 1 : 10,000, and the agglutinins can also be proved to be present in the milk 
of infected cows. For this purpose Bevan has introduc(‘d the “ abortoscojie,” 
which consists of a tube containing a standardized suspension of Br. abortus, 
closed by a cork to which is attached a double loop of thin wire coated with 
sterile paraffin. On the ba(*k of the tube is pasted a label marked “ infected.” 
Before use the suspension is thoroughly shaken up, and one loopful of blood 
from the animal to be tested is taken up in the wire, and on the latter being 
returned to the tube it is thoroughly shaken to mix the blood with the 
suspension. The apparatus is then stood upright at room temperature so 
that in infect('d cas(\s the suspension and the blood-c(^lls settle down to the 
bottom of th(‘ tube, leaving a clear su])ernatant fluid through which the 
word “ infected ” can be read. 

(hmerally spc'aking, in cows no attention is ])aid to an agglutination of a 
titr(‘ less than 1 : 50 in cows’ serum. In a ])regnant infected animal the 
litre gradually rises before abortion from 1 : 200 to 1 ; 1,000, whih* a ])er- 
sistent infection of 1 : 400 or over is indicative of an udder infection. 

The iuiradermal test or the ahortiri reaction in -This test, on the 

same lines as the tuberculin, was introduced by MacFaydean and Stockman 
in 1900 in an attein])t to introduce one based upon the hypersensitiv('ness of 
infected cows. Hoitun (1928) has described a double intradennal t(*st in 
which 0-2 c.c. of a 5-per-cent, phenolized suspension of Br. abortus heated 
to 65' C. for thirty minutes is twice inoculated into the sam(“ site at an 
interval of forty-eight hours, when the maximum infiltration of the skin is 
attained forty-eight hours after the inj(‘ction. 

Abortus Infection in Man 

Diagnosis. — The agglutination test in abortus inf(‘ctions is luueh 
tlje saine as in vielitensis. An agglutination of 1 : 10 fo 1 : SO in tlie 
ahseiRT' of clinical syniptoins indicates a past inbadion, wliile a titre 
of 1 : 100 or ov('r, in the absence of clinical symptoms, probably 
indicates a latent infection, and a litre of I : 100, or over, in the ])res(‘nce 
of pyrexia and other symjdoms of dist'asi*, may be considered as 
diagnostic of an active infection with Br. abortus. 

The Editor has seen one cas(i which showed a titre of 1 : 10,000, 
and other typical ones with a titre which nev(*r rose abo\ e J : 80. 
4’he agglutination test is best performed by tla^ macr(;sco])ic metliod. 
A practical method of making a diagnosis by the agglutination test is 
by means of the “ glutoscope,” an apjiaratus devised by Bevan on tlie 
same lines as the abort()scoj)e. 

The intradennal test, or “ ahorlin ” reaction, is as iis(‘ful in the 
diagnosis of abortus infection in man as it is in fla* fnelitmsis infections, 
and is performed in the sanK^ manner (sec j). 816). 

Diacjiiosis by blood-culture is the same as for Br. melitens'isy and is 
successful in about 16 per c(‘nt. of cases ; it has already been referred 
to on p. BIT. A certain amount of diagnostic assistance may be obtained 
from the leucocyte count. There is usually a slight leucopenia with 
a relative increase in the lymphocytes. The average in seven cases 
of aborhis infection under the Editor’s care was leucocytes 6,800, 
with polyrnorphonuclears 48 per cent, and lymphocytes 48 per cent. 
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Symptoms. — Cohen divides a])ortns fever into five types : (1 j The 
classical iindulant form ; (2) the arthritic ; (8) the abdominal ; (4) the 
genital, of which orchitis is the chief f(‘ature ; and (5) the “catarrhal 
jaundice “ type. It is doubtful whether there are any signs or ^^ymp- 
toms sulliciently obvious to enable a differential diagnosis })etwe(*n 
abortus and luditensis to lie made from the clinical aspect of the case. 

On the whole, abortus infections in man run a much milder and 
shorter courst* than those of goat-borne vielitrusis infections. Some 
cases may be so mild that no obvious clinical signs are produced at 
all beyond the characteristic pyrexia. As a general rule, however, 
prolong(‘d jiyrexial cases lasting many months, as in true uiidulant 
fever, art* not met with. On the other hand abortus infections may 
be n*markably yiersistent and persist over a pc^riod of a year or more, 
but a continued abortus fever of over three months duration is rare, 
though cases with multiple rigors and the characteristic undulatorv 
febrile curve have lieen seen. Bomt; of the most severe clinical in- 
h'ctions se<ui in England have been the result of la])orat()ry contracted 
infections. 

The splef'ii may be distinctly ])alpable as in uidifensis infections, 
but is by no iiK'ans invariably so. The premonitory signs of abortus 
fev(*r are important ; the infection may commence with pain behind 
the eyes and in tie* alveolar margins <tf tla* ninuth. Unilateral or 
l)ilateral orchitis has bem noted. There is usually an initial rigor 
which is followed by ht'adaches, profuse sweats, and arthritic y)ains. 

Ihvuiorrtuujv is a somewhat unusual feature. It was noted in 
5 j)t‘r c(*nt. of cases collected by i)alrvm})le-Chanipn(*vs. Kjiistaxis 
was th(‘ commonest manifestation, but melama, ha*moptysis, h;ema- 
teniesis, ha'inaturia, ni(*norrhagia, and bleeding from the gums may 
occur. Robinson (EJ8S) has reported a case in which continuous 
oozing from tlu^ mouth and gums, associati'd witli purymra, almost 
prov(‘d fatal. 

Jaundice . — A form rt*semhling epidemic jaundice has been described. 

Localizinc/ si/}uj)fofus. — I’sually tla* arthritic pain and jieriarthritic 
effusions which are so charact(*ristic a feature of uiditensis infi‘ctions 
are not so prominetit in this type. It is, ]iowev(*r, necessary to refer 
to two instances of isolated joint affections which the Editor has 
S(*en. Ill both tla'Si* casi‘S tlu* shoulder-joint was affected, ayiyiarently 
due to localized abortus infection. Jjocaliz(*d abst‘esses and even 
fixation abscesses in bone due to Br. abortus have been reported, and 
constitute “ surgical brucellosis,’’ as described by Edwards (1937). In 
Iowa, U.8.A., osteo-my(*litis of long bones, including those of the wrist, 
has been described. ^lild or masked cases of abortus infection are also 
met with. In these asctTtainahh* physical signs are absent, but small 
rises to 99° and 100° E. are seen to occur when a four-hourly chart is 
kept, and usually only a low-grade agglutination with abortus in a 
titre of 1 : 20 can be demonstrated in these cases. There may be 
remarkably few symptoms, except, perhaps, headache. 
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Treatment. — The treatment of ahorlus infections does not differ 
materially from that of the classical disease. As a rule the symptoms 
are not so iirp^ent and tlje span of the disease is sliorter, so that drastic 
remedies are not usually called for. 

The cutting short of the fever by protein-shoek f('V(M -ih('r{i])v has been 
found to be effective by Dr. S. Miller ( Harrogat(‘). Ih' has shown that a 
fever of several months duration can be terminated in a few days l)y three, 
or even four, intravenous injections of typhoid- para ty])hoid organisms, in 
doses ranging from 50-1 r)0,()0(),00(). The Editor alst) has treat<‘d uith sueec'ss 
three eases, tlie fever being cut sliort by a ])rotein -shock rigor two days 
subsequent to the isolation of the bacillus from the blood -stn'am. This may 
be profitably combined with sulj)hanilaniid(‘s. 

Fonadin has boon tried, as in ]h\ inclifensis iiilections, but 
resulfs liavo not been very striking (see ]). 320). 

Treatment ])y ,ml})ha?uJfn)iidcs Ijas btaai ext(‘iisi\( ly tried out, and 
rests upon tlie experimental evid(‘nce of W ilson and Maii'r. ddi(\v 
found that these com])ounds did (‘fh'ct iially extirpate t}j(' organisms 
(Br. ahorivs) in experiment ally-inf<‘cti‘d guiiu'a-pigs wlnai administt'rt'd 
in larg(‘ and almost sublethal dosage for sonn‘ weeks. A sunmiarv of 
the results obtained up to NovemlxT, IffffS, in 18 casics from various 
sources (French, English and (lerman), shows that the fe\’('r deferv(‘sced 
on an average in lo days from th(‘ commenecnKMit of sul]>}ianilami(h‘ 
treatment, and that. th(‘S(‘ drugs wen^ exliibited fo]- a piahxl of 17 days. 
(Taffney consid(‘rs that, even wlieii cases ri'lapse, as tliey frecpuaitly 
do, on cessation of sulphanilamide medication, tlu* febrih' remission 
wall ])(' of short, duration if this tnajinuait is again persist (xl in. ddie 
drug has a definite intluenc(^ in d(*creasing tlu' length of the disease. 
Thomson (IffffS) has found that (dxjrtus-mfeeivd ])ati('nts can toferate 
proiitosil aIJnnn up to 8 grm. daily. Hoerban (1887), in his suniinary 
of the action of thest; drugs, announced that. dis(*])tal compounds exert 
a favourable iniluence on Br. (dxjrin.s. Jh'thoux, (lourdon and ilochtxlix 
describe the successful tnaitnimit of one iiitracta])le casi^ with intra- 
venous injections of 20 c.c. of a G-];)er-c(‘nt . solution of solus(‘])tasin. 

Th(3 Editor has treat(‘d a series of tlin'e ])ersisting and intractable 
cases in this maniKU'. Two wen* cas(^s of ])rolong<‘d fever, tlie third of 
pyrexia associati'd with orchitis. On tin* wiiole, be is of the opinion 
that th(' more manifest signs and symptoms of this inte< tion are 
modihcal })y sulphanilamide. Hi* gavi* projitosil album in loses of 
1-5 grm. daily, r(*inforced })y injections of pront.osil rubrum 5 e.c. daily, 
for six days. It is apparently n(*cessary in souk* cas(‘s to inject the 
drug intramuscularly a,s well as to administ(‘r it by the mouth in order 
to obtain the necessary concentration. 

Prophylaxis. — The proj>hyIaxis of abortus infection in man is 
mainly wrapt up in the very difficult subject of tlui tn^atment and 
prevention of this disease in cattle, for the infection i« undoubtedly 
contracted by the drinluTig tif infected cows’ milk by an individual 
susceptible to the disease. In herds of dairy cows, many carriers of 
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IIh) iiifcclion exist. Propliylaclic inoeiilatiori and iiiiinniiizalion of 
cattle hy (‘iiiployiny^ Ii\a' (‘iiltures of Br. ahorins lias b('(*n extensively 
jiractised, and the inoculatisl c()\vs tliereii[)on become passi\e carri(*rs 
of tli(‘ disi'asi*, and if is to lb(‘ introduction of this nieasun* in l)(^nniark 
and in J^iyland tliat tin* pr(‘sent jirevalenci; of undulant fev(*r may 
be ascril)(‘d. In 19()() Ibin^^ n^ported lliat a certain amount of pro- 
t(‘ction could be conferred u])on animals liy the intraviaious injisdion 
of livin;^^ cultures of Br. ahorlu.s sona; weeks befon^ co])ulation, and 
this method lias biaai more extensively applied by Stockman in 1914 
to non-prtymaiil cattk*. It is obvious that the remedy lies in the 
sterilization of u/>e/7/cs’-iiib‘cted milk, and this can be done by boilinj^^ 
or l»y jiasteiirizatioii : thirty minutes at 140 I bV will destroy 
the oryiiiiism. 

Since it lias been reported by (lilbert and (’olemaii that in 11 casi^s 
of human infia-tion in Iowa the sourci* lias b(*(‘n tracid to association 
with iidecteil hoys, ju'opliyku'tic measures liavi* boeii taken in America 
ill that direction. 



CHAPTER XV 

ENTERIC FEVERS 
(AND BACILLUS COLI INFECTIONS) 

The enteric group of fevers includes typhoid fever, due to BariUns 
{Salmonella) iypliosus, and the paratyphoid feviTS, due mainly to 
B. 'parahj'phosns-A and B. yarah/phosus-B. Paratyphoid-C f(‘ver lias a 
somewhat different symptomatology (sec ]). 887). Thes(‘ organisms 
belong to what is now known as fh(‘ Sahnonella grouj), and the fevers 
caused by them were known during th(‘ (In^at War as the “ (uit erica ” 
group. 

History. — In the earlier half of the nineteenth century, typhoid and 
typhus fever were grouped together under the term “ continued fever.” The 
first clear differentiation of typhoid from typhus on clinical and pathological 
grounds resulted from the work of Murchison and Jenner (1855-02). Then 
came the discovery of the Bacillus typhosus by Kberth in 1881, followed by 
that of B. paratyphosus-A (lirion and Kayser), of B. pnraiyphosus-B (Schott- 
miiller), and of B, jmratyphosus-C (Hirschfeld, 1919). 

Geographical distribution. — Resides being the scourge of tht* 
young Europcnin in India, (‘iiferic is common (‘iiough in Japan, in 
China, in Cochin-China, in the Philippines, in Malaya, in Mauritius, in 
West and South Africa, in Algeria, and, in fact, wher(‘ver it has been 
properly looked for. Thanks to jirotectivi* inoculation witli the trijile 
vaccine (T.A.lh) and to sanitary measun^s, enteric IVxht during th(‘ 
Great War was no longer the chief disease in our armies. 

Prevalence. — Enteric fever was prevalent among young soldiers 
and recently-arrived civilians in the East, but, fortunately, liability 
to infection decreases with length of residence', dm* ap})ar(*ntly to 
a kind of acclimatization. The well-known immunity of native races 
to tyjihoid is probably due either to mild attacks of tlu dist*ase in 
childhood or to the immunizing effect of living in constjin' ^‘ontact 
with typhoid infection. In insanitary native cities - Cliinese, for 
example— where the Ihirojiean would almost surely contract tyjihoid, 
the natives have acquired a high degree of immunity. The typhoid 
and paratyphoid infections among Europeans in th(^ tropics appear 
to be more virulent, and to cause a death-rate twice as heavy as that 
commonly observed in England. According to English statistics, 
the death-rate is given as about 1 : 8 attacked, hut in India only 
recently the death-rate is stated as rather over 1 : 8. 

Up to the early days of this century, typhoid in India used to 
kill more European soldiers than did cholera. Enteric fevers are 
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apt to occur in camps in localities previously unoccupied by man. 
This has long been noted in India, while in Australia typhoid has 
occurred in the back country many hundreds of miles from human 
habitations. These observations have suggested that the bacillus may 
exist as a virulent saprophyte under certain conditions of soil and 
temperature. 

Epidemiology and endemiology. — Practically the essential 
factor in the propagation of enteric fevers in the tropics, as in 
temperate climates, is the individual who is passing enteric bacilli 
in his urine (jr fa‘ces, or in both. He may b(‘ in the acute or the 
convalt‘Scent stage, or a “ carrier.” Three kinds of enteric carriers 
an' alluded to by writers on this subject : (a) The acute carrier, who 
passes ent(‘ric bacilli in the (excreta for a short period after an attack 
of enteric h'vc'r. (//) ^i’lie chronic carrier, who continues to pass enteric 
bacilli in the (‘xcn*ta for years, possibly permanently. Chronic carriers 
are more often womi'ii than men. The gall-bladder being the seat 
of a chronic inft'ction, the carrier sometimes suffers from gall-stones 
and cholecystitis, (c) It is believed by some that a person may pass 
enteric Ijacilli in the excrc'ta without having at any time previously 
suffered from an attack of enteric fever. Such a person is called a 
])assive carrier. 

The ent(‘ric carrier is a danger to the community, the degree of 
dang(*r de|)ending to some extent on liis personal hygiene, but much 
more on the sanitary condition of the locality. Under an efficient 
watt'r-carriage systt'iu of sewage disposal there is a minimum risk of 
the carrier conveying infection. Where the conservancy system — 
i.<*. tlu' dry closet is employed, as in the tropics generally, the risk 
(d' infection is great. The modes of infection are: (1) directly from 
the infected person (patient or carrier) to the susceptible ; (2) in- 
directly through water supply ; and (3) indirectly by fly-carriage and 
contamination of food. 

B. iiiphosus is practically -tworld-wide in its distribution. Para- 
ty])hoid-A fever is the most common form of the infection in the East 
(India, etc.), paratyphoid-B fever in Europe. During the (ireat 
War the majority of enteric infections in France were paratyphoid-B, 
and the most extensive enteric epidemic occurring in the British and 
French troops was on the (iallipoli peninsula in 1915. But, relatively 
to what had hap])ened in former campaigns, the cases of typhoid 
in this epid(unic were few, the armies being almost completely pro- 
tected by antityphoid inoculation. In the earlier part paratypboid-B 
was the prevailing infection, while in the later phases the cases w^ere 
almost exclusively paratyphoid-A. Paratyphoid-C fever, which is 
probably identical with the fever caused by 7i. aertrjfcke, is widespread 
in British Guiana, but elsewliere has probably not the epidemiological 
importance of the other three (Giglioli). 

i£tiology. — Description of organisms. — B. {Salmonella) typhosus is a 
Gram -negative motile rod, 2-4 in length and 0*5 /x in thickness. It is 
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provided with luinierous peritriehous flagella, and is very active when grown 
on artificial media. On these it thrives well, with growth resembling that of 
Bacillus rnh\ but less dense*. In its biocliemical reactions it differs con- 
siderably from that organism, and produce's acid v itliout gas-formation in 
maltose, glucose*, aiiel maiinite, but e*auses ne) change* in lae tose*, sace-harose*, 
and duh'ite. Jt ])r()eluces slight ae*ielity in milk willieuit e'lottiiig. Ne) inele)l 
is produevd iii ])e‘jitone* vater {sec 'fable*, j). 4h9). '.riie^ ])aratyf)he)iel bae*illi 
A, B, anel C' rese*mble* in their general me)rphe)le)gie*al e'haractei’s anel staining 
reae*tie)ns />. typhosus, but differ fre)m it in the'ir bie>che*niie‘al anel inimunit\’ 
reactie)ns. Tlu'v alse), like B. typhosus, are ne)n-lacte)se'-fe*rnK‘nte)rs, but 
y)roelue‘e acid anej gas in glue*e)se*, mannile, inalte)se*, anel elule*ile*, the)iigh ihe*y 
eh) not affect sa(*e‘hare)se ne)r form ineh)! in pe*pte)ne* water, 'fhe* ‘‘ A ” bacillus 
is weaker in fermentative' ])e)we*r than B,” anel it j)i(>elue‘e's pe'rmane'nt 
acidity in litmus milk, whilst '' B ” first pre)elue*e*s aciei, I'e'turning lat(*r te) a 
])ermanent alkaline reaetie)n. The*ir immunity re'actions aie* alse) epiite* 
s})e*e*ifie'. The “ C " bae'illus eliffe*rs fre)m “ B " se)|e'ly in iis immunity 
re*ae'tie)ns, anel some* bacte*rie)le)gists might j)!’e‘fe*r to call it a se'ie )logie*al 
rae-c e)f ‘‘ Jk” 

The portal of emtry of the enterie^ bae-illi inte) the tissue's e)f the'ir hejst 
would appe*ar to be the lym})he)iel masses forming the Be'yer’s ])ate'hes anel 
se)litary fe)llicle's of the* ile*um. Here* the*y e^ause* a hy])e'r])lasia. e)f the* lym])he)id 
tissues, fe)lle)we*el at a later stage, in severe case's, by ne‘e're)sis, sloughing, 
anel uh'e*ratie)n. The* bae'illi ])ass e)n te) the lymjthatie' glanels e)f the mese'ntery 
and pe)Ste*rie)r abele)mcn, whie-li be*ce)me e*nlarge*el. Finally they e*nte'r the 
blexxl -stream. The ])e*rie)el e)f bacillamiia coincielcs with the early febrile' 
stage of the disease, anel a])])re)priate' haanex-ulteire' is sueu'cssful in t he majority 
of cases in w hich it is uneh'rtake'n suflie-ie'ntly early — i.e. while* the* teunperature* 
is still rising, or wdie'U it is e;e)ntinue*el w'ithe)ut marke'el re'missions. It is 
seldom successful after the first marke*el morning re*missie)ii, e*spccially in 
paratyphoid fever, or after lysis has e*omm(*ne'('d. 'J'hc duration of bacilhemia 
varies greatly, dcpeneling on the se*vcrity of the* e-ase* and eluration e)f the* 
})yre'xia. It is, on an ave'rage, le)nge'r in fyj)hoiel than in the ])aratyphoid 
fevers. It is impe)rtant, therefe)re, in the eiiagnosis e)f ente*ri(^ feve'r, to sc't 
about ha>moe'ulture as early as possible*; every day’s eie'lay eliminishe's the* 
chance of success. 

It has be'cn suggesteel that in e*nte*rie‘ infee',tie)ns the invaeling organisms 
enter the bk)e)d-streani first (])e)ssibly threeugh the* te)nsils), anel that the* 
intestinal l(*sions are secondary to the; bacillaunia. 

Although bacilli are (*liminat(*d in the ficces anel urine*, it i ’ e)nly in a 
small j)rcjportiem of cases that the*y can be isolate*el fie)m the excicta, e*\’en 
on repeateel examinations. 

Pathology — 4’he most striking lesie)ns founel ])ost inorte'rn (in a(lditie)n 
to the tissue change's e*ommon te) all ce)ntinued fevers) are* : 

Ul(;eration e)f the intestine;, es])ecially the l*e;yer’s [)atche*s and solitary 
follicles in the ileum and jejunum ; enlargcme'nt and ('onge*stie)n of the* 
abdominal lymphatie'S ; and e.*nlargement anel conge*stie)n e)f the s])leen. 

The me)st ne)table differen(;es in the post-me)rtem apj)e*aran(*cs betwe'cn 
typhoid and the paratyphoid feve*r are : 

In paratyphe)id fevers the intestines me)re frequently show no change , 
in paratyphoiel feve;rs the intestines may be; acutely intlanu'el throughout 
their length, the Iym})hatic tissue escaping ; and in f)araty[)hoiel feve;rs 
ulceration of the large inte;stine is relatively more frequent. Paratyphoid -C 
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iH in many instan(‘(‘s a pure Hopticux^rnia, and doej) metaHlatict al)sc(‘sscs duo to 
this organism have hf^eri deserihed by 

Pnst-inortam hdctrrioUKjy. ~ T\\v. causative organism in fuiku'ie fevers may 
be recovered post mortom from tlu* intestinal lesions, the enlarged abdominal 
lymf)liaties, the splecui, the gall-bladder, the heart’s blood, and other tissues 
of tli(^ body. 

Symptoms. — The nsnal wcvhdticm jirriod for all the enlt^ric 
infections is ahont foiir((‘(*n days, ]>nt it may he sliorter than seven 
or long(‘r tlian t \v(‘]it,y-one days. 

^JT(‘re is a uide rangi* in tlie s(‘verily of tlie infections, and it will 
1)(‘ readily understood that oiu' clinical description cannot aj)ply e(jnally 
to all cases, froin tlie mildest to the most seviTe. Moreo\(*r, the 
variation is more in th(‘ (h'gree than in tlu' nature of tla^ clinical marii- 
f(‘stations. After all that has hetai writti'ii, (‘Sjiecially during the 
(Ireat AN’ar, on “atypical’* (‘iitia’ic feA er, this groiij) remains, whether 
in inoculati'd or uninoculated })ati(‘nts, reniarhahly true to one type — 
which may he t(‘rnM'd the “ enteric type.” 

Thf' typical onsrt is a gradual ones hut it may, t'sjiecially in 
jiaralyphoid fever, he sudden, with a sluAiu* or ('\'en a rigor. Ht‘ad- 
ache is the most constant early sym]»tom. and is usually acconi])ani(‘d 
hy nialais(“, anorexia,, ])ains throughout tie* body and lindis, and 
insomnia. Tlie tongue is (a)ated, tht* mouth dry and uncomf* )rt able, 
and lh(' jiatieiit thirsty. There is a charact(Tistic moist facies witli 
(die(‘l<-tlush, and a giaieral apathy, d’ht'se synijitoms vary gn'atly, 
and in the mildest cases may pass undet(‘cti'd. I'^pistaxis is more 
common in tyidmid than in paraty|)hoid. Th(‘re may he }»ain or general 
lUK'asiiK'Ss in th(' abdomen, hut in mild jiaratyphoids the patient in 
many cases does not ri'fia- to that region. There may Ix^ diarrhoea 
from the coimnenceiiK iit , or diarrluea followed in a ftwv days hy con- 
sti])ation, or tlu' jiatii'iit may ha\a' ohstinati^ con^tijiation fiaun the 
beginning. TIk' tiaujxa'at urc is invariably raised. It may iiKMint 
stepladd(‘r-liko during tlit* hrst week, or it, may rise suddiajly. to reach 
its high(“st ])oint in tlu' first lil ‘28 hours, and, after a, period of continued 
fe\ (‘r, begin to rcanit in t lu' morning and tiuaninate hy lysis. A highly 
characteristic fixature of all the enteric infections is the pulst*, wdiich 
is usually soft, often dicrotic, and ndatively slow' (Charts lo- 17). 

On ])hysical examination, the abdomen may he found to he more 
or less (list (aided, as in severe typhoid, or tliere may be little or no 
distension, as in the majority of paratyphoids. Sphaiic eidargemtait 
is })racticaily a constant leatuna the organ usually enlarging suilicicaitly 
to naider, at sonu* stagi'S of th(‘ illness, its lowia’ jiole palpable btdow 
th(‘ hd’t costal margin. It may be h'lt in some cases on the second 
or third day, if the pathait conu‘s under observation S(.) early, or it 
may not, be jialpalih' till th(‘ second or third week, or even later. In 
some cases it hecona^s paljiable for the lirst time only after the tempera- 
ture has become normal. Usually about the seventh to the tenth 
day, but it may be earlier or much later, “ rose spots ” appear. These 
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vary considerably in ninnber, size, shape, general characters, and 
distribution. There may be only two or three on the abdomen, or 
the body and limbs may be covered, from the soles of the feet to the 



Chart 15. — Typhoid fever, with graph of pulse- rate. {Garrow.) 


scalp. They are of a pale-rose colour, slightly raised, round or kmticular, 
and fade on pressure. The more profuse (‘nipt ions occur in ])ara- 
typhoid fever, especially paraty^dioid-A. A\ hen the eruption is not 
of this profuse type its distribution is characteristic : 90 per cent 



or more of it is on the trunk, between the levels of the iliac crests and 
the nipples. The patient usually coughs and has a certain degree 
of bronchitis. 
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Diagnosis 

Clinical diagnosis. — Li the literature of enteric there is frequent 
reference to mild, atypical, abortive, and clinically unrecognizable 
forms ; and it ap})ears to have become the custom to leave the question 
of diagnosis to the laboratory. This was particularly so during the 
(treat War, both at home and al)road, and it is greatly to deprecated, 
because careful and re})eated clinical scrutiny of these cases is more 
than e\er necessary. It is (Harrow’s opinion that the great majority 
can be correctly diagnosed clinically. While laboratory methods of 
diagnosis in the ent(!ric group are undoubtedly important, undue 
value has bi'en attached to certain bacteriological and serological 
findings, even to th(^ extent of creating new clinical types of the disease 
to correspond to them. Far from being protean in their clinical 
manifestations, the enteric, fevers are remarkably constant and true 
to type. The cardinal signs are five in number : 

(1) Pyrexia of remittent type ending by lysis ; (*2) low pulse- 
temperature ratio : (3) characteristic toxiemia ; (4) splenic enlarge- 
ment ; (5) eru}>tion of rose spots. It is not pretended that, this 

list exhausts the diagnostic signs and symptoms ; but a consideration 
of these five signs will, in the great majority even of the milder cases, 
lead to correct diagnosis. 

(1) Pijrexia. — Continue<l pyrexia of remittent type, ending by 
lysis, may bo regarded as a feature of every case of acute enteric fever 
(typhoid or paratyphoid). The pyrexia may be high or low, long 
or short, with remissions great or small. The onset of pyrexia may 
be gradual or sudden, and lysis may be slow or rapid, thus giving a 
great variety of temperature charts within the tj^pe ; but there is 
no good evidence to show that the fever ever departs from this type. 
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Cases presnifwg the JolJoiring features certainty should not he regarded 
as enteric : 

(a) Temperature is normal or subnormal tbrougliout (be entire 

illru‘ss ('‘ apynexial type of (‘nierie 

(b) Temperature n^aebes normal or sutaiormal at some jK^riod 

of tla^ t\v(Mity-four hours on (‘\ (tv day of tla' illness 
(“ inti'rmilteiit ty[)(‘ of eiiti'rie ”). 

(c) Temperature shows piadeet tertian or (juartan ja'riodieity 

throu^diout. (“ malarial typi* of enteric ”). 

(d) Temperature shows a series of short rela])S{'s of oia^ to thna* 

days’ duration, ocenrrinf^ at intervals of a few days 

(“ trench-fever type of entcTic 

(e) Tla^ teni])erature ends by a genuiiH* crisis. 

Examples of all these so-calKal ‘‘ ty])es of taitca’ic fe\ au' ” will he 
found in the literatuna the erroneous dia^mosis ha\ in!j: la/cii has(‘d 
upon the unwarrantaldt' hacteriolo^ncal or S(U-olo^.,n’ca] tindinye 

(‘2) Low pnlse-ienijteralure ratio . — One of the most valuahjt' dia^^- 
nostic ])oints is the slowness of the pulse in relation to the pyr('xia. 
The normal pulse-tem])erat ure ratio may ht* tahulati'd as follows : 

Pulse . . r>() ()0 70 SO 00 KM) 1)0 1:>0 i:iO 140 

Temperature . 00’ 07" OS 00' 100 lOI 102 103 104 105' 

In enteric fever the jailse is, as a rul(\ 20 or 30 or -10 lasits ])er 

minute shjwer tlian thus indicated. For examph', it is common to 
find an enteric patient with a tianperalure rani^in^^ about lOlF to 
104° F., and a pulse of 90 heats ])er minute, or it may la^ e\'(a) slower. 
If the pulse is r(*corded graphically in n*d ink alongside the tmnperature 
curve in black, a very strikin'^ clinical feature of ynanit dia^^nostii 
significance is clearly brought out. 

(3j CJiaraeterislic toxceinia. — ddiere is sonadhing viay (diaractt-rist ic 
in the general ajipc'arance, facii's, and di'cuhitus of th(‘ (‘uteric-ho cr 
patient.. The dis(*aso ma}^ in many cas(‘S l»e conti(h‘ntly diagnosed 
by a glance at him as he lies in laal. He has a dull, heavy, trixin- 
laden appi^araiaa^ in tlie early a.cut(* stage of his disi'ase, with a moist 
face and flushed cheeks. 44ie ex[)erienced clinician at onc(‘ i vcogni/avs 
the difference brd-vvc'en this and the toxaniia of, say, niidaria. or 
relapsing fever. In tlui mild(^st jiaratyphoid infections ilnxo is litth* 
or nothing of this toxic ap])t^aranc(^ wliilst some* iidectaons other than 
enteric are accompanied by a. gcaieral toxa-mia closely n'sembling it. 
Nevertheless, this sign, to iho (ixperienced physician, when taken in 
conjunction with th(! others, is of diagnostic significance. 

(4) Splenic enlargement. — As some degn e of s))kaiom(‘galv is 
practically an invariafik^ featurci of enteric h‘V(‘r, this sign is of 
considerable value in making a diagnosis. Unliki^ the majority of 
tropical splenomegalies from other causes (malaria, kala-azar, etc.), 
the enlargement is lu-ute, so that, even when superadded to a spleen 
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already (ailargod from malaria, it has certain exceptional features 
of dia^mostic si^miHcance. For example, the acut(dy enlarged spleen 
of erjt(;ric is tender. On palpation, the edge is s(‘ldom more than two 
fingers’ hreadtii Ixdow the costal margin, often not so much ; and the 
enlargement is of cornparatividy short duration. The spleen may only 
b(* palpahl(‘ for two or thrfie days, and then r(‘ced(i. It may become 
palpable as early as the second or third day of fever, or not till tlie 
second or third week, and it may remain enlarged long into 
convalescence. 

(5) l\ose fijiots may appear in the lirst week, but more often in 
tlK‘ s('cond, and tend to come in crops. They may not appear till 
the tmnpiTature is normal. In warm climates, many European skins 
an^ ay)t b» show syiots more or less like those of enteric fever, as the 
result of mos(]uito-biti‘s and of inllammation of hair follicles, sweat- 
glands, (‘tc. Great care must be taken in discriminating between 
the true spot and these “ yisiaulo-rose spots.” There ar*' many 
Euroyiean skins which, in spite of the trying conditions of the tropics, 
remain free from blemislies of this sort, and in these cases the recog- 
nition of the typical spots is relatively easy. 

Summary of clinical diagnosis. — Every undiagnosed fever in the 
tropics should be regarded as a possible case of (mteric fever and closely 
ohserv(‘d clinically, at the same time that bacteriological and serological 
inv(‘stigations are being carried out and arris’s atropine test is 
a])])li(Hl. While valuable clinical evidence may be obtained from 
occasional signs, such as epistaxis, pea-souj) stools, abdominal distension, 
and haunorrhag(‘ from the bowel, the diagnosis should rest in the great 
majority of cases uyu)n the presence or absence of the live cardinal 
signs above described. Any case presenting the first, second, and 
third signs should be treated as enteric (whetluT the diagnosis is 
su|i})orted by laboratory lindings or not) until some other delinite 
diagnosis is arrived at. No case which does not show the first, together 
with at least two of the remaining four cardinal signs, should be de- 
linitc'ly r(‘garded as such. Five typ(‘S of temperature chart have 
been described, any of which excludes enteric. These, however, 
imply that th(‘. case has had its temperature recorded from the first, 
which is not often yjossible. In the majority of cases of active ent(‘ric 
fever, all live signs are jiresented at one or other stage of the illness. 

Finally, it should be remembered that, for every case of enteric 
fever which imitates some other disease, there are at least a score 
of cases of otluT diseases imitating enteric (malaria, trench fever, 
phthisis, liv(‘r abscess, syjdiilis, etc.). 

Paratyphoid-C . — Some space must be devoted to paratyphoid-C 
fever as observed by Giglioli in British Guiana. Although essentially a 
” fever ” producing a temperature chart not unlike those of other para- 
typhoid f(‘vers, yet it is (Essentially a seyiticaBinia and the intestinal tract 
is not specially involved. Complications in the form of arthritis, 
abscess formation, and cholecystitis are common, and fixation abscesses 
22 
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due to intramuscular quinine injections may contain a pure culture of 
this organism, lliere appears to be a special connection between para- 
typhoid-C infection and malaria. The mortalit^^ of a. series of 92 cases 
of definitely diagnosed paratyphoid-C infections was 38 ])er cent. 
Probably a great number of abortive and mild cases passed unobserved. 

Bacteriological diagnosis of “ enteric ” {see p. 1()3G). — (a) 
Hccmoc/ulture is unquestionably the most satisfactory method of diag- 
nosis ; it should be employed, wherever the necessary facilities are 
available, in every case of undiagnosed pyrexia in the tropics so soon 
as a blood-lilm is found to be free from malaria parasites. A successful 
haemoculture furnishes the only conclusive evidence that the patient is 
suffering from active enteric fever, and can hardly bo said to be opt^i 
to fallacy. Plnfortunately, however, the usefulness of the metliod is 
limited by the short duration of bacilhvmia. In many cases which are 
undoubtedly enteric, negative results are obtained because luemoculture 
fias been attempted too late, liecent experience has shown that 
culture from the blood-cloi gives the highest percc'iitage of positive results. 

(b) Culture of excreta ,- — The plating of urine and stools should 
be undertaken when blood-culture has failed, and should be repeated 
during convalescence to determine whether the patient is fn^e from 
infection. Bacilluria occurs generally after the fourteenth day, and in 
about 15-20 per cent, of the cases, and, under modern conditions, 
employing brilliant green and Endo's medium, cultivation of th(^ 
organisms from the faeces in all stages is mucli mort* successful as a 
diagnostic measure than formerly has been th(‘ cast^ Home })ositive 
findings from culture of excreta are open to fallacy, dlie case may lx? 
one of an enteric carrier suffering from some illness other than enteric 
— e.g., malaria or trench fever. I'he detection of carriers can only be 
effectually carried out in a fully-equii>i)t?d laboratory ; at least seven 
separate and consecutive bacteriological fiecal tests are necessary. 

Serological diagnosis. — One of the Biinidest and most reliabk? of 
laboratory tests is the examination of the blood-serum of suspected enteric- 
fever patients for the specific agglutinins of the enU^ric bacilli — the Widal 
reaction. When carefully applied by reliable methods in the case of un- 
inoculated patients, it leads to a correct diagnosis in the great ma jority of (^ases. 
Assuming correct technique, the only possible fallacies are that a positive 
Widal reaction may result from a previous attack of enteric*, and that a 
negative result may occur in the early stage of an attack of entetic. If a 
negative finding is obtained in face of clinical data j)ointing to enk?ric, the 
test should be repeated, on several occasions if neciessary. A few cases of 
enteric, especially paratyphoid-A, may fail to develop agglutinins and 
continue to give a misleading negative Widal reaction throughout. 

The serological diagnosis of the enteric fevers in inoculated patients gave 
rise to much conflict of opinion during the (freat War. Inoculation produced 
in the blood-serum specific agglutinins indistinguishable qualitatively or 
quantitatively from those produced by infection. The mere recognition of 
these specific substances, therefore, had not the diagnostic significance in 
the inoculated that it has in the uninoculated. It had, until the recognition 
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of H. and O. agglutinins, hardly any diagnostic value. It was demonstrated 
however, by JJreyer and his co-workers, and by others, that if an accurate 
estimate of the agglutinin content of the serum is made early in enteric fever 
and reyK*ated at intervals of a few days, there is a steady rise to a maximum, 
followed by a slower fall. Dreyer and Walker stated that this maximum 
usually occurred between the eighteenth and twenty-first day of the illness, 
and almost invariably between the sixteenth and twenty-fourth day. They 
therefore gave to th(* latter }X‘Tiod the name “ period of expectation.” To 
this agglutinin fluctuation they attached a significance Y)racticall\^ patho- 
gnomonic. The agglutinin fluctuation, when considered in relation to the 
clinical data, though useful, cannot now in itself be regarded as conclusive 
(see p. 1039). 

Ill uninoculated patients differential diagnosis is obtained by 
carrying out agglutination tests with the patient’s blood-serum against 
emulsions of the four organisms concerned. Each infection produces 
its specific agglutinin, and the jihenomenon of coagglutination does 
not often interfcTe with the diagnosis. In patients who have been 
inoculated with triple vaccine the problem of differential diagnosis is 
considerably complicated. The response may be specific, but frequently 
two or all three agglutinins may show variations (see Appendix, p. 
1087) . It is still held, as stated above, that a progressive rise in agglutinin 
litre to one specific antigen denotes active infection ; but it must be 
stn'ssed that a rise in immune bodies (or residual-amanestic agglutinins) 
may be stimulated by other pyrogenic infections, such as malaria. 

It IS almost impossible in a manual of this description to follow accurately 
all the investigations on the antigenic value of the serum and of the different 
vai'iations in the antigens themselves which have been undertaken by modern 
workcTs. Felix and Pitt have shown that strains of B. typhosus of high 
virulence have the property of being relatively inagglutinable by sera which 
contain a high titre of antibody acting on the “ O ” somatic^ antigen, which 
is one of the most characteristic components of the “ smooth ” strains, and 
this inagglutinability is associated with the possession of additional antigenic 
constituents which can be differentiated from the ordinary ‘‘ O ” antigen. 
Thus mice immunizcxl with a vaccine containing the additional antigen in 
an active form are rendered r(*sistant to injection of highly virulent bacilli. 
'Phis antigeii is se})arate and distinct from the “O” and “ H (Hagellar) ” 
antigens of B. typhosus (and apparently this applies to the paratyphoid 
group) and renders the ‘‘ O ” antigen resistant to the “ () ” antib(xly. The 
symbol \\ (referring to virulence) is suggested for this antigen and the corres- 
f)onding antibody. This Vj antibody is demonstrable by agglutination and 
absorption tests, and its in vitro titre is comparatively low. Active and 
passive immunization disclose the powerful protective action of the Vj 
antibody. The ” O ” antibody also neutralizes the endotoxin of B. typhosus, 
whereas the and ”H” antibexlies are incapable of this action. Perry, 
Findlay and Bensted hav 3 now shown that virulence for mice rather than 
mere smoothness in the usually ac‘cej>ted sense offers the best criterion of the 
immunizing power. 

The symbols ‘‘ H ” and ” O ” stand for Cerman terms which denote 
respectively cultures which spread or which remain circumscribed. There 
are two main types of typhoid bacilli : the V form w hich contains “ H,” 
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“ O ” and V, antigens, and the “ W ” form which does not- contain \\ antigen. 
Craigie has now discovered a method of typing typhoid bacilli by specihc 
bacteriophages, of wliich no Jess than ]3 are now recognized, and i)y the use 
of which it is ])ossible to detect the source from wliicrh tlu' organisms have 
been derived. 

The original claim made by Felix that only “ H,” but not “ () ” agglutinins 
are formed as the result of passive inoculation, and not as the r(‘sult of 
infection by living organisms, appears to be incorrect, since bot li may ap])ear, 
and also agglutinins, as the result of inoculation with dead organisms. It is 
held that “ H ” agglutininogcns are heat-labile and an‘ also d(‘stroyed by 
alcohol, while “ O ” agglutininogcns are la'at-stable. 

Atropine test. — This test, devised by Marris, depends on tlie fact that in 
health, or disease other than enteric, a hypodermic injection of atropine sulphate 
( ,1^ gr.) is followed by a rise in the pulse-rate amounting to at least lo beats 
per minute, whereas in enteric no sindi rise follows. Should th(‘r(' be any rise* 
at all, it will be less than 14 beats j)er minuk*, but oftcui tluu'e is none. 

In the appli(*ation of the test the ])ati('nt should li(‘ horizontally and 
remain at perf(‘ct rest. He should not be k‘sted till at least one hour has 
elapsed since the last meal. The ])ulse-rak^ should be counted for at least 
km minutes, and then gr. of atropine should be injeck-d over tlu‘ triceps 
region. Afkr an inkrval of twenty-five minutes the pulse sliould be counted 
again, minute by minute, until it is clear that any ris(‘ which may have 
followed the injection has begun to pass off. The ]>eriod f)f tlu' disc^ase during 
which the test is most reliable is said to be the fifth day to the end of the 
second week. 

Auxiliary methods of diagnosis.— The diazo-reaction in the urine is 
useful, but may be present in malaria. Russo's im4liylen(*-bliK‘ t(‘st is said 
to be mon^ conclusive, as it is absent in malaria. 

Differential diagnosis.— ddie abdominal pain of cut eric may 
be mistaken for apj^eridiciiis, but tbe malf(T may b(' (aisily settled by 
a h'ueocyte-count, which in the former is a h'ucojaaiia with a relafiv(‘ 
lymphocytosis, and in the latter an active leucocylosis. BdcHlns coli 
infect ions may resemble enteric. Tjf])lius is notably diflicnlt to 
distinguish in its earlitT ])hases ; tlie haicocytosis which is ju'esent in 
that diseases will be foimd of considerable assistama'. 

It must not be forgotten that enteric fever may coexist wath some 
other acute infection such as malaria. 

Diagnosis oj typhoid from paratyphoid . — There ar(‘ e clinical 
features which serve to distinguish the typhoid and paratyphoid 
infections from one another with any certainty. Yet there arc g(ui('ral 
points m which they differ. 'I’hus, typhoid fever (7i. typhosus infecticai) 
is the most severe fever of the group, with the higlu^st case-mortality 
(15 per cent, or over, as companHl with 2 per cent, or less for the para- 
typhoid fevers). The typlioid patient looks more toxic ; his temj)era- 
ture is, on an average, higher, with smaller morning remissions ; he 
more frequently shows evidence of gross intestinal h^slons (ulceration) 
e.g. diarrhoea, ha3morrhage, abdominal distension, j)erf()ration. The 
rash is more scanty and the individual “ rose spots ” are smaller and 
slightly darker than in paratyi)hoid. There is greater loss of flesh 
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in typhoid than in paratyphoid. Paratyphoid is characterized by 
a !nild(*r toxannia. There is seldom abdominal pain or distension, 
and constipation is tlie ruh?. Hncmorrha^e and ])erforation are 
rare. The rash is more profuse and may cover the entire body and 
limbs. 

Put typhoid is frequently of the very mild type, and, on the other 
hand, paratyphoid may })o like the worst typhoid. It is therefore 
quite impossible to say on clinical grounds alone whether any individual 
case is one of typhoid or paratyphoid. 

Still loss is it f)ossible to arrive at a differential diaj^nosis on clinical grounds 
between “ A,” “ B,” and “ C ” cases of paratyphoid, although here again, 
ov(‘r a series of cases, distinct clinical differeiu’cs can be noticc^d. For 
exarnpl(‘, r(‘la})s(‘s in paratvf)hoid-A are more fnajuent than in any other of 
the entiU'ic infections, and less fnapient in paratyphoid- H. Paratyphoid- A 
is, on an average, of longer febrile duration than paratyphoid -P, but the 
latter, on the other hand, is more often followed by jaundice, thrombosis 
and su})purative complications. 

Parati/])hoi(J-C f(‘vcr is provahmt on the Demorara Itiver. British 
Guiana. Altout 92 cases which have been })roved bacteriologically 
have been recorded, so that, this dist'ase is prol)ably endemic and a 
fairly common disease (Giglioli). It produces an irn'gular ty[)e of 
fever and the cliaracter of tlie sigris and syni))toms may ])e rather 
liegative : diagnosis can be determined sohdy by isolation of the 
causative (jrganistn. A small stories of cases art* recorded in tin* Arni}^ 
returns from India during recent years. 

Treatment. — There is no generally accepted spcnutic therapy 
for enteric fever ; nor is there any drug which is known to exercise 
an active intiuence over this disease. In these circumstances it is best 
to confine treatment to providing the best hygienic conditions, good 
nursing, and careful dieting. All that the great majority of mild 
paratyphoid cases require is a soap-and-water enema every other day 
to reliev(^ the constipation. Milk should be the diet while the patient is 
febrile ; tluToafter custard, milk pudding, soup, fish, and meat diet, 
d’ho diet should contain about 70 grm. of protein a day, with a caloric 
value of 2,500-3,000. Water should be given freely. Purgative 
nuHliciiH's should bo avoided. The care and cleanliness of the mouth 
and teeth are important. 

In cases mark«‘d by great toxicity with high temperature (over 
102*5" F.) and no morning remissions, tepid sponging is beneficial ; 
in the worst cases the cold bath or ice pack may be resorted to. The 
temperature of the water should bo between 70" and 85° F. ; a tub 
of canvas and mackintosh sheeting may be improvised. Food may be 
given as a stimulant after the bath. The rectal temperature should be 
taken immediately on removal from the water, and again three-quarters 
of an hour later. 

Felix's antiserum treatment . — Based upon his observations on the 
virulence of smooth strains of B. typJiosus towards the “ 0 ” antibody 
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and the new Vj antigen which is definitely associated with virulence, 
Felix (1935) has produced an efficient antiserum from horses by in- 
jecting the V antibody. The therapeutic effects of this serum have 
been t(‘sted in a number of cases in Palt‘stine and in Dublin. The 
results so far obtainetl are distinctly encouraging, for thc^y indicatt^ a 
favourable action on the toxaunic manifestations of the disease and the 
pyrexia. The dose is 25 c.c. of serum on three succc'ssive days. In 
very severe cases this dose may be doubled. McSw(‘en(‘y has r(‘port(‘d 
the recovery of a dangerous case of rela])se treated in tliis maimer, as 
well as of a child of four years with typhoid meningitis in which the 
bacillus had been recovered from the cerebro-spinal fluid. 

It is necessary that the serum should la' injectt*d (airly in tlu' course' 
of the disease. Cookson and Faci'V (1987), in a n'port upon 78 case's, 
noted in 73 per cent, an improve'me'iit wifhin forty-e'ight hours of the 
injection ; in a further 10 per cent., some benefit accrue'd after a fe'w 
days’ interval, and in these it is possible that the' action of the' se'rum 
was delayed. The mortality of patients treat eal in this nianne'r was 
9-5 per C€'nt. Kobe'rtson and Yu in Shanghai have confirme'd these 
results in 52 seveTO cases of typhoid. Using a concent rate*d serum, the^ 
standard dose ennployed for an adult was 50 c.c. administe're'd intra- 
muscularly. Thirty cases responded by a drop in teanpiTature' and 
a decre'ase in toxic symptoms. In 15 cases no appreciable' e'ffi'cts 
were observed. 

Vitamin C in treatment. — lTijc(‘tion of this vitamin by the' intravt'nons 
route, together with extracts of the suj)rarenal glands containing the hormone, 
have bet'u advocated hy Hartmann and others. Najib-Farah in (’airo (193S) 
advocate's this line of treatment. The cortical hormone is Esrhadn (P. J). 
& Co.), which contains only a negligible quantity of adre'nalin. The vitamin (’ 
preparation is known as (k'd)ion (Merck). It is considered that these products 
play a defensive role in enteric, infections. As soon as the diagnosis is e'stab* 
lished, the intravenous injection of suprarenal cortical extract is commenced 
in doses from 5-20 c.c., together with 500-l,(KK) mgm. of vitamin (\ The 
two products are injected together. No oral medication need be give'n, but 
an icebag should be applied to the abdomen. The administration of supra- 
renal cortex and vitamin C is continued for five to twelve days, and is followed 
by two intravenous injections dail}^ of 500 mgm. vitamin C for seven days. 

The management of convalescence demands care, (^sjx'cially in 
paratyphoid- A infections, and the return to solid diet sliould be 
postponed until the temperature has remained normal for at least 
ten days. 

For the bacilluria associated with enteric, urotropine (hexamine) 
in doses of 10 gr. three times a day usually acts as a specific, but 
now the sulphanilamides — M & B 693 especially — are proving more 
efficacious. 

In the event of ha3morrhage, all fluids should be stopped for at 
least 48 hours, and sufficient morphia injected to keep the patient 
at rest. Though a very large amount of blood may be lost without 
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causing a fatal result, yet, wlien feeding is recommenced it should be pro- 
ceeded with very carefully. As a general rule, one large haemorrhage 
is less serious than a number of smaller ones. When bleeding has 
ceased, a subcutaneous infusion with saline up to pints may be 
permitted, and this may be repeated later should no further haemor- 
rhage occur. It is advisable, should haemorrhage be suspected, to 
give 30 gr. of calcium lactate three times daily ; some make a practice 
of doing so from the sixteenth to the twentieth day of a typhoid fever, 
and from the fourteenth to the eighteenth day of a paratyphoid. 
In cases with thrombosis, administration of citratt'S is indicated. 

Prophylaxis. — Anfi-rnfcrw ivorulation is conspicuously successful 
as shown by the statistics of the American Army, and of the British 
Army in India. During the Dreat War the vaccine was modified 
by th(^ introduction of B. 'paraixj'phosus-A and -B, and the statistics 
furnish conclusive evidence of the efficacy of this measure of pre- 
vention, not only in lessening the incidence, but also in modifying 
the disease or diseases. Therefore, everylK)dy proceeding from a 
country such as England to the tropics or subtropics should be inoculated 
with two dos(‘S of triple vaccine (T.A.B.), and should be re-inoculated 
every three years subsequently with one dose, so long as he remains in a 
country where enteric is prevalent. 

The typhoid vaccine, as originally introduced, caused a considerable 
reaction, but by better methods of preparation and dosage in recent 
years the reaction has been mitigated. The official vaccine contains 
1,000 millions of typhoid bacilli, 750 millions of paratyphoid-A, and 
an equal number of paratyphoid-B, to each c.c. Two doses of 0*5 c.c. 
and 1 c.c. are given at an interval of ten days. The reaction in the 
majority of instances is very slight. Occasionally, however, cases of 
persistent pyrexia with severe local symptoms, malaise, and headache 
are met with. In countries where paraty{)hoid-C is prevalent a 
tetravalent vaccine should be employed. 

Preparation of the vacrme . — The organisms are grown upon trypsin-agar, 
washed off in saline and killed by heat. The vaccine is then standardized 
by combining the various bacterial susixinsions in their appropriate pro- 
portions. The final emulsion is preserved by the addition of 0'4-per-cent. lysol. 

Statistics . — inuring the South African War, when prophylactic inoculation 
was incompk^Udy practised, there were 00,000 cases of enteric, with 8,227 
deaths. With millions of men under arms during the first two years of the 
(Jreat War, only some 4,0fK) cases of enteric were reported from France, 
with a case-mortality of less than 2 per cent. In the Navy, Bassett-Smith’s 
statistics record an incidence of only 144 cases of enteric during the year 
1917, of which 8 occurred in inoculated and 136 in uninoculated individuals. 

The American Army shows much the same figures ; for two years, 1917-19, 
out of an average strength of over two million men, there were only 213 deaths 
from enteric, and it is calculated that had typhoid prevailed in the same 
proportion as in the uninoculated troops in the Spanish-American War the 
death-roll from this cause would have been over 60,000. 

In the Royal Air Force a dissolved T.A.B. vaccine is used, the solven 
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being sodium lauryl sulphate. This vaeeine is prepared by Cdaxo Laboratories. 
When injeeted it giv(‘s rise to reactions considerably milder than did that 
formerly employed, though it appears to produce an equal (piantity of 
bactericidal bodies in the blood of inoculated persons. No definite correlation 
could be found between the H and O agglutinin titr(‘ and the bacUuicidal 
potency of the human sma ti'sknl. 

The problem of enU'ric infections among natives em})loy(‘d in the Hand 
Gold Mines has given rise to a considerable d(‘gree of anxiety. In st'vim 
years (1930 37) the number of cases was (>,()! I, and th(‘ “ carrier problem ” 
among these peo])le is a very serious one. In December, ]93(), inoculation 
with endotoxoid vaccine was initiated, with a great diminution in the number 
of cases of “ enteric ” notified. The prophylactic^ inoculation against typhoid 
and paratyphoid fevers has been reconinumded by tlie Transvaal Mines 
Medical Officers’ Association. 

Measures lo avoid wfeeiion. - The niosf (‘fleet ivo iiu'thod for avoiding 
eiitc'ric infeadion is the waf(‘r-earria.ge system of sewage-dis])()sal. 
Tliis, however, is not gen(‘ral in the tropics, so that oth(‘r in(‘thods 
must 1)(‘ c.onsidered. Tliey are: {a) d(‘tection of (‘uleric carriers and 
th(‘ir control, est)ecial]y in n‘lation to the selection, distribution, and 
cooking of food ; (/>) prot(Hdioii of water su])plit‘s ; (c) exteu’mination 
of flies, and prevcaiting them from access to excreta and refuse on the 
one hand, and to food for human c(msum])tion on the otluT. 

N r 1*: n i c -lt k e ¥ k v i-: 1 1 s 

Septicaemia due to Bacillus faecalis alkaligenes and other or- 
ganisms.- During recent years a series of mild pynexias, of eitheu' remit tent 
or intermittent tvp(‘, has been ])roved by Hirst and others to be due to in- 
fection with B. feveaUs alkaligenes (Table, p. 499). It is a common inhabitant 
of the intestinal canal, where it is not d(‘finitely known to (exert any pathogcMiic* 
actiem. The fever it gives rise to when it is ])reserit in the lilocxl-stream may 
last from two to fifteen days. There is an evening rise with marked nioniiiig 
remission. The symptoms resemble thos(‘ of a mild enkulc, the pulses is 
slow in relation to th(? temperature, and the tongue is slightly furred In 
some cases the })atient’s serinn clumps th(‘ homologous organism in a dilution 
of 1 in 50. 

In outbreaks of food- poisoning or ptomaine poisoning,” whicli oiuair 
from time to tim(‘, bacilli of the Salmonella grouj), B. enterifidus and B. 
aertryrke {snipe si if er), have been isolated from the blood-stream. 'I’Jie fev(‘rs 
they produce have many filatures in common with enteric. Th(‘\ differ in 
the suddenness of the onset with rigors, the acc(*ntuation of tin gastro- 
intestinal symptoms, th(‘ short duration and rapid termination of ti.e fev(‘r. 
B. aertrycke resembles B. par at y pit os as -B in its biochemical, but may be 
differentiated from it upon its serological reactions. 

Bacillus coli infections. — Infection of tla^ bladdiu* and urinary tract 
with B. coli is frequently met with in both sex(\s in the tro])ics. Slujuld the 
organism entcT the blood-stream it may giv(^ risi^ to a prolonged ink*rmitt(‘nt 
pyrexia resembling ente^ric. B. coli septiciemia and pyaunia may lx* a terminal 
infection in debilitatcxl native's, especially after bacillary dyKuitery ; in thc'se 
cases the organisms gain (‘ii trance to the blood -stream through the intestinal 
lesions, and, becoming arrested in the glomeruli, give rise to multiple minute 
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abscesses in tiie cortex of the kidneys, from which they esca[x; in an inter- 
mi tUmt manner and appear in the urine (Fi^. 45). The condition is probably 
mu(!h more widespread than has been n^oognized hitherto, and a series of 
cases from f^gy[)t has been described by Enright and the Editor. The 
^omeral condition of the patient, the stupor and the intoxication, may resemble 

1 



Fig. 45.— Sections of kidney in B. cali septicaemia. {Orig,) 

1, Agj^To^'atioii of orguiiisins in intortulmlar capillaries; ‘J, large collection of organisms in a 
me<lnllary vein ; 3, passage of bacilli through tubular epitlielium of duct Of llollini 
into lumen. 

those of ent<*ric, but th(' onset is generally sudden, with headache, and acute 
])ain r(‘ft‘rred to both kidney regions. L-sually all symptoms of vesical 
irritation are abstmt. The tongue is thickly furred ; rigors are numerous 
and accompanied by ])rofuse sweats. The organism may be recovert'd in 
pure culture from the blood-stivam during the rigors, as well as from the 
urine by underic catheterization. The acute attacks are liable to be confused 
with those of malaria. This form is apparently susceptible to sulphanilamide 
treatment. 
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Pyelitis. — Owing to the propinquity of the renal pelvis to the colon 
acute pyelitis due to infection with B. coli is very apt to occur, especially in 
women, in the tropics. The symptoms may commence with a rigor and a 
dull aching pain in the loins which is increased on pressure. Micturition may 
be frequent and sometimes a large and tender kidney may be palpated. 
The results of the inflammation are soon seen in the urine, which contains 
albumin, pus cells and, sometimes, even blood. Bacillus coli is present in 
large numbers especially in the first specimen of urine passed during the day. 
Differentiation from malaria, an attack of which it may closely resemble, 
may be necessary. Cystitis with pyrexia and acid urine may also be due to 
B. coli and is very apt to occur as a sequel to any debilitating tropical fever, 
especially in enteric infections. It is always necessary to consider the 
possibility of this occurrence. 

The treatment of BaciUus-coli infections of the urinar}" tract, which is so 
important in tropical practice, has been plact‘d on a much surer and more 
satisfactory footing by modern discoveries in therapeutics It was found 
that the excretion of ketone bodies in the urine destroyed the greater number 
of the Bacillus coli organisms present, and this led to the application of 
mandelic acid, which produces similar changes in the urine. Mandelic acid 
is related to B-hydroxybutyric acid and })roduces a high degree of acidity — 
pK 5 — in the urine together v ith acetone. A methyl -red indicator is employed 
to estimate the hydrogen -ion concentration. 

It must be emphasized that, in employing these therapeutic measures, 
the condition of the kidneys and ureters should first be ascertained by means 
of excretion urography (uroselectan). vSometimes a calculus may b(‘ dis- 
covered in the renal pelvis or in the ureters, which may be the seat of the 
B. coli infection, necessitating surgical measures. 

The original mandelic; acid method has now been superseded by the use 
of more modern preparations such as ammonium mandelate, mandelix and 
mandecol, in which ammonium chloride is combined with mandelic acid. 
These preparations are given as 1- 2-drachm doses three times daily directly 
after meals until the urine has become sufliciently acid, the fluid intake 
being restricted to 40 oz. daily, and are very oftem successful in eases of 
pure B.-coli pyelitis. 

More recently, however, the sulphanilamidcs have come into use and 
threaten to supersede the mandelic; acid pref)arations. They are especially 
useful in B.-coli cystitis and trigonitis. The Editor has emf)loyed prontosil 
and uleron in doses up to 8 grm. daily for ten to fourteen days. This ma^^ bo 
reinforced, if nc‘c;essarv, by aft^'r- treatment with mandc;lic acid prejiarations. 
Kenny, Johnston, and von Haebler (1937) recommemd p-arninobenzeno 
sulphonamide in the treatment of B.-coli infections of the ui nary tract. 
This is especially impcjrtant in the B.-coli jiyelitis of childrc*n, and also in 
pregnant women. (Comparatively small doses (1*5 grm. daily) effect a rapid 
disappearance of B. coli and jius crells and the remission of 8ymj)toms. It 
has been found that the bac;tericidal jiower of the urinciis roughly proportional 
to the sulphonamide content. Prontosil album appears to be effective in 
doses of 1-8 grm. daily for seven days. The toxic manifestations of this 
drug, which include sulphannoglobinaemia or mcdhannoglobinsemia, are not 
commonly seen. In some it may produce headaches, or even drug fc‘ver 
and abdominal pain. While this drug is bedng exhibitc;d, eggs and other 
sulphur-containing substances should be eliminatcMi from the diet. It is 
necessary to estimate the leucocyte count at regular intervals, as a leucopenia, 
or even agranulocytosis, may be produced. 



Subsection E.-DISEASES CAUSED BY VIRUSES 


Prei.iminary Statement 

I'liE subject of virus infections is one which is becoming incn‘asingly important 
since year by yrar the number of humarn animal and plant diseases attribub'd 
to the agency of viruses grows gn^ater. The consensus of opinion now inclines 
to the view that baeteriojtluiges must also be included in the siime category. 

It is, however, recognized that not all viruses are similar in character. 
(Vrtain plant viruses, such as tliosc-; of tobacco mosaic and bushy stunt of 
tomatcK*s, and those affecting cucumbcTs. have been sliown by Stanley in 
America and by wcjrkers in (lrt*at Britain, to consist of heavy proteins — • 
almost certainly nueleo-proteins — with molecular weights of several millions. 
( ertain of thes(' viruses can be obtained in tlie ft)rm of true crystals. Although 
there is evielenee tliat bacterioy>hage and some animal viruses may also be 
heavy proteins, no animal virus lias yet been isolated in a crystalline form, 
'J'lie larger animal viruses, at any rate, are more complex in composition, and 
a few of them, luitably those prcxlueing ])sittaeosis, trac-homa, inclusion 
conjunctivitis and lymjihogranuloma inguinale, exhibit developmental cycles 
recalling those deseribt‘d for the riekettsiai. Unlike rickettsia?, however, 
the.se viru.s(‘s are not transmitbal by arthropcxls, 

V ery frecjiamtly the adjt‘etives “ filtt*rable ” or ultra-mieroscopie ” are 
applied to viruses : both are un.satisfaetory. Many of the smaller bacteria 
readily jiass through filter {;andles, whih' the same is true of many spirochietes. 
( Vrtain bacteria, siudi as t hose causing pleuro-pneumonia of cattle, or agalactia 
in sIh'cj), also have filterable phases, while many true viruses only pass with 
difliculty through diatomac(‘ous or porcelain filters. With ordinary micro- 
8co|)es, using direct illumination, the limit of resolution lies between 0- 1 and 
0*2 ft. Barnard, using ultra-violet light and special optical apparatus, has, 
however, been able to photograph bodies of considerably smaller size. Many 
of the larger viruses, such as those of p.sittacosis, vaccinia, ectromelia, and 
herpes febrilis, have' thus been successfully photographed, and stained, the 
dimensions obtained by tlu‘se means agreeing very closely with those calcu- 
lated from filtration exporiimuits. Probably the best working definition of 
viruses is that suggested by CJardner. who refers to them as “ agents below, 
or on the borderline of microscopical visibility which cause disturbance of 
the function of living cells and art^ regenerated in the process.” 

History. —It is of interest to note that as early as 1728, twenty years 
before the birth of Jenner and long before bacteria were associated with 
disease, the term “ virus ” was applied to the causal agent of smallpox. 
Pasteur, in the course of his work on rabies, first suggested the possibility 
of ultra-microscopic organisms. It was only in 1892, however, that as a 
result of the work of Iwanoski, the juice of tobacco-plants suffering from 
mosaic disease was found capable of infecting healthy plants after passing 
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through bacteria -proof filters. In 1897 Lcxiffler and Frosch found by chance 
that foot-and-mouth disease could be produced by an “ infective princi[)le ” 
which passed through porcelain filters. The infectivity of viruses for animals 
was thus demonstrated. Since that time more than 100 diseases due to 
filterable viruses have’: beim discovered affecting man, mammals, birds, 
amphil)ians, fish, insec'ts, plants, and, if bacteriophage be included, bacteria. 

Diseases caused by viruses. In the list of inh'ctions ])rodu(H>d by 
these agents must be placed mosaic diseases of plants, wilt and polyhedral 
diseases of insects, foAvl-plague, fowI-j)ox, leukamiia, and filterable tumours 
of hens, infectious anaemia and Borna disease of hors<‘s, louping ill, ff)ot-and- 
mouth disease, hog cholera, dog distemper, cat disUmiper, and -of special 
importance in the tropics — rinderpest of cattle, blue tongue of slu^ep. Nairobi 
sheep disease, and African horse sickness. The* virus diseas(‘s of man which 
are of special tropical inUu’est include smallpox and alastrim, rabi(*s, y(‘ll()w 
fever, dengue, Kift Valley f(‘ver, phlebotomus fever, psittacosis, trachojua, 
lymphogranuloma inguinale, and inclusion conjunctivitis. Many other virus 
infections are of universal distribution but may be n^sponsihle for severe 
epidemics in trojnc'al countries. The list includt‘s measU's, intliamza, varicella, 
rubella, mum})s, her])es febrilis and ])robab1y her})es zoster, warts, molluscum 
contagiosum, anterior poliomyelitis, St. Louis enceplialitis, dapanese type-B 
encephalitis, ecpiine encephak)-mye]itis, lymphocytic choi'io-itK'ningitis, and 
probabl 3 Mnfective hepatitis, enc(‘phalitis lethargica and Australian X dis(‘asc. 

The action of viruses on cells. — Tlie (mly ctutain method at ])rescnt 
available of detecting th(‘ presence f)f viruses is by th(*ir pathogenic* action on 
th(^ cells of susceptible aTiirnals. It is ]>ossibl(‘ that non-pathogenic frea* 
living viruses exist, and there is certainlv evidence* to show that many viruses 
may lead to a more or less sa])hro{)h 3 ^tic existence*, only be'coming pathoge'uic 
when inoculak'd into tissue's other than those in which the^y normally eiwe*ll : 
examples are Virus III infection of rabbits, or s ilivarv-gland disease* of 
guinea-pigs. The virus of herpes febrilis mav he found in the saliva of a 
high percentage of normal ])ersons. 

All viruses at present known are closely associate-d with living ce-lls, and 
whether in vivo or in vitro reejuire living eells for their multi])lication. The 
action of viruses on cells is charactc*rjzed eitlie'r by stimulation or by d(‘])r(*ssion 
of cell physiology ; in certain instances a primary stimulation is follow(*d by 
depression. Stimulation is characterized by active* multiplication or hy[H‘r- 
troph\" of the cells, as in infective* warts, fowl-pox, Shoj)(*’s filU*rabl(‘ rabbit 
fibroma, the filterable tumours of fowls, or fowl h*uka*mia. I)(*pn‘Ssion is 
characte]iz(*d by cell necrosis and is well excmj)lified by th(^ action of ye^llow- 
fever or Lift- Valley-fever virus on the (tells of the liver, or of poliomyi'Iitis 
on the anterior horn cells of the (;ord. In certain (*ases tlu* cha: acb'i istic 
action of the virus may be manifested after a very short incubation period 
— mice inoculated witli Rift-Valley-fever virus die in foi'ty (tight hours with 
extensive liver necrosis — or viruses nnw lie dormant in tlrrt tissu(‘H for man>' 
weeks or rnonths, as in the case of rabms, Borna diseiiso or lymphogranuloma 
inguinale virus when inoculated intracerebral I y into mice. In scrapirt, a 
disease of sheep, the incubation period is from sixteen months to two years. 

In certain diseases the necrotic lesions are comparatively slight, hut the 
resistance of the body to bacterial infection is greatly reduced. Soinetiines 
the invading bacterium is Bjjecilic, for instance, the virus of hog cholera is 
always associated with Bacillus suipestifer, the virus of swine influenza with 
an influenza bacillus. At other tinu'S, as in human influenza, nu'asles, or 
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(log or cat (iiHt(5iiJ])er, the way is paved for the invasion of a variety of 
organisms. 

In th(^ casi^ of certain viruses pathogenic action is r(‘stricted to the cells 
of oiu' }>articular organ : other viruses are pathogenic for a variety of tissues. 
Many virus(‘s display a s])ccial ])redilection for the cells of the (;cntral nervous 
syst(‘in, while otliers, sutth as the viruses of yellow fcv(*r. Rift V^alley fever, 
or horse sickness may, by intracerebral inoculation, be made to acquire such 
a pr(*dil(*ction, at the same time^ losing many of their normal characteristics. 

Inclusion bodies. Histological examination of the ](‘sions causc'd by 
many filterable viruses r(‘V(*als th(^ presence', either in the cytoplasm or in 
tlu' nucleus of the c('lls, of ])eculiar cytologic.al structun's. These were at 
one ])criod n'gardcd as bc'ing themselves of a parasitic or possibly protozoal 
nature. The* cytoplasmic inclusions vary greatly in tyf>e and in many (aiscs 
thc'ir tru(‘ nature is as yvi unknown. The X(.'gri body in rabies, for instance, 
may ref)rcsent a stage in the complicatt'd life-history iT a ])arasit(*, or more 
possibly a n'action of certain cell stnictures to th(‘ presence of th(^ virus, 
(’ertain cyto|)lasmi(‘ inclusions are undoubtedly made up of the virus particles, 
as in |)sittacosis, ectromelia, trachoma, lymphogranuloma inguinale, and 
smallpox ; or the virus ])articles may be surrounded by a (ollular reaction, 
as in the Rollinger bodi(‘s of fow'I-])ox. 'J’hc intranuclear inclusions, on the 
other hand, an* more uniform in type. They occupy the nucleoplasm, may 
fr(‘(juently lx* s(*tm in th(' fresh unfixed cell, and tend to stain more or less 
inbmsely with acid dyes, such as eosin. (’hemically they are not composed 
of chromatin, do not contain iron, and on micro-incineration yield only a 
fine ash. (.'losely similar structures may hti induced in nuclei by the action 
of a numlHU’ of chemicals. There is at presemt no direct eviibnu'c that they 
enclose the virus ])articles. Among the virus diseases which give rise to 
acidophilic intranuclear inclusions are yellow fever, Ilift Valley fever, herpes 
febrilis, Iku'JM's zoster, varicella, Pacheco’s parrot dis(‘ase, encephalitis of 
silver foxes, ])S(‘U{lo-rabies, Rorna disease, \drus HI infection of rabbits, 
eiicephalo-myelitis of horse's and “ H virus (.src p. 348). 

Cultivation. One of the nujst important clistinctions between viruses 
aiid visibli' bacteria lies in the fact that up to the present no true virus has 
be('n cultivated in the absence of living cells. The organisms of bovine 
pleuro-pneumonia, agalactia, and other pleiiro-pneumonia-like organisms, 
which, fornu'rly classed as viruses, can be growni on artificial media, are now 
generally regardt'd as triu' bacteria. Two methcxls are employed for the 
cultivation of virus('s. The first method entails the use of an emulsion of 
minc(‘d embryo tissue sus})ended in Tyrode's solution and serum. The 
second consists in inoculating the virus on to the chorio-allantoic membrane 
of the develo]fing chick embryo. On this membrane grow th may entail 
either cell multiplication or cell necrosis. 

Among the viruses which have been successfully grown by one or both 
of th(‘se methods are vaccinia, fow'J-pox, Virus IIT infection, foot-and-mouth 
disease, yellow' fioau’, Jfift \'alley fever, louping ill, rabies, and pseudo-rabies. 

Filtration.— \ a rious tv])es of filter are used in the study of viruses. 
The most im})ortant are those composed of diatomaceous earth (Berkefeld 
or Mandler filters), porcelain (Chamberland candles) and asbestos discs 
(Seitz filters). I^assage through these filters depends, not only on the size 
of the vims partieles, but on a niiwher of physical factors such as the negative 
pressure employed, the rate of filtration, the nature and pH of the medium 
in which the virus is susjxmded, and the electric charges of the filter and 
virus particles. 
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Recently Elford has perfected the technique of making graduated collodion 
membranes, which have enabled measurements to be made of the approximate 
size of the virus particiles. Results so far obtained give the following approxi- 
mate dimensions : 

Psittacosis . . . 220 m/x to 330 (Levin thal, 1935) 


Lymphogranuloma 

125 m/1 

,, 175 m fjL 

(Miyagawa et ah, 1935) 

Vaccinia 

1 25 m /X 

„ 150 m /x 

(Elford and Andrews, 1932) 

Rabies (fixed virus) 

100 m /x 

„ 150 m /x 

(Calloway and Elford, 1932) 

Herpes simplex 

100 m /X 

„ 150 7// /X 

(Elford, l^erdrau and Smith, 




1933) 

Rift Valley fever . 

23 m. /X 

„ 35 m /X 

(Broom and Findlay, 1933) 

St. Louis encephalitis 

22 m /X 

,, 33 7u fL 

( Bauer, Fite and Webster, 




19,34) 

Yellow' fever 

18 m /X 

,, 27 7n /X 

(Findlay and Broom, 1933) 

Louping ill . 

1 5 7n /X 

,, 20 7)1 /X 

( Elford and Callow a v, 1934) 

Foot-and-mouth disease . 

8 /X 

,, \2 7)) fi 

(Calloway and Elford, 1931) 


Physical properties. — The resistance of viruses to h(‘at vari(‘s witliin 
very wide limits ; to cold, on the other hand, many are extriuni'ly resistant 
and. especially when dried, they may survive for many months. Many 
viruses, vsuch as rabies, are extnunely resisttint to tlu‘ action of glycerin, 
others, like yellow fever, survive only a few days. Physiologicvil saline or 
(‘ven Tyrode’s solution is toxic to many viruses, but if serum is mixed with 
the Iluid in the proportion of 1 in 10, it beeomes much 1(‘sh toxic. Many 
viruses are very sensitive to the of the medium in wliich they are suspend(‘d, 
more especially when the reaction bei-omes acid. All the virus(‘s so far 
examined carry a negative electric charg(‘ at pH's in the ntughbourhood of 
neutrality. Man 3 ' can be readilv adsorb(‘d ()n to fined v dispersed substances, 
such as kaolin or animal charcoal, and, with the* aid e)f suitahle* solutieens, 
may be eluted from these substances, being thus obtained in a condition of 
relative purity. 

The majoritv" of viruses are easilv inactivate'el b\ the photeeeiynamic 
action of dves such as methylene blue, or pre)flavine in dilutions of 1 : .50,000 
to 1 : 100,(KK), when expe)se‘d to a pointedite. Certain viruse's, such as that 
of dog eiistemj)er, when thus inae*tivated retain te) a ceTtain elegrea* their 
auligeriic pro])erties. Certain viruses, also, when killeal by formalin, are* still 
antigenic. 

Immunity.— With Vnit few exceptions recovery fre)m a virus infe‘e‘tion is 
associat<‘d with a prolonged and se)me*times life-long imniunitv. The few 
exceptie)ns to this rule inedude herpes febrilis, the common ce)lel, if it be realiv 
due to a virus, and dengue. Virus diseases thus differ as a class freui bacterial 
infections, the majority of which do not leave an immunity e)f le)ng staneling. 
In many instances the prolonged immunity in virus inf(‘ctions is a sociaU'd 
with the continued presence of virus in the tissues, but in others there is no 
evidence that it remains in a living isondition in that situation. 

Immunity is manifested by inability to reinha-t with the same* strain of 
virus as caused the original infection. It is imjiortant, h(jwcv(*r, to rem(‘mber 
that in the case of certain viruses, such as foot-and-mouth diseas(^ and 
probably dengue, a number of strains exist which are antigenically distinct 
and give no cross immunity. In the serum, immuiiity may^be manifested 


‘ For value of m p, see ]>. 1042. 
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by the presence of virucidal, complement-fixing and, in certain cases, agglutin- 
ating antibodies. In the case of lymphogranuloma inguinale virus, a heated 
extract of the infe(jU^d glands is capable of producing an allergic reaction 
when injected into the skin of an immune j^erson, provided the infected 
material still contains virus jmrticles. 

Epidemiology.- 'I'he methods of spread of virus diseases an; as numerous 
as in the case of bacterial infections. In certain instances direct contact 
with an infected |w;rson, as in the cast; of warts and trachoma, or with infect(;d 
fomitt‘8 is ne(;cs8ary, as in the case of variola or varicella. Lymphogranuloma 
inguinale and venereal warts are spread by sexual contact. Droplet infection 
is responsible for the spread of measles, mumps, influenza, and probably 
anterior poliomyelitis, though in the ca8<.‘ of the last infe(;tion it is claimed 
that certain epidemics have been (lisseminated by infect<;d milk. Insects 
may play a passive role, as in the trani^mission of fowl-pox, or may inoculate 
the virus by biting, as in the (;ase of yellow fever, dengue, equine encephalo- 
my<‘litis, Japanese tvpe-B encephalitis, and phlebotonius fever. Loiiping ill 
of sheep is transmitU'd by the tick Ixo^tcs ricinus. Many plant viruses are 
transmittc‘d by Aphides or thrips. 

Epidemiological considerations are dcqKmdent to a great extent on the 
immunity {)roduced by a ])revioiis attack. When the number of non-immunes 
reaches a certain concentration an epidemic may break out. Inapparent 
iidections may at times serve to maintain an infection. Many laboratory 
workers, without exiRU’iencing actual infections, have in the course of their 
work become immune to diseases as diverse in character as poliomyelitis, 
louj)ing ill, or Lift Valley fever. 

Treatment." 'In only tv\o virus infections has any drug binm found to 
have a specific action : in lymphogranuloma inguinale and trachoma 
compounds of the sulphanilamide group are of very considerable value. In 
other virus diseases treatment is neces.Stirilv' symptomatic. When once a 
virus has gained entrance to the tissue-cells, even the s|K;cific immune serum 
is without effect, although, when administered within a short time atVr the 
inoculation of th(‘ virus, immune serum may decrease rhe severity of the 
attack (^r even entirely }>n‘vent it. 

In many diseases immune bodies ai*e formed in the tissues a short time 
after the beginning of the illness ; the patient may, however, subsequently 
die from tlu‘ lesions which have lH‘en prcxiuced in the internal organs. Treat- 
ment must, th(‘n‘fon‘, be* directed to maintaining the functions of the various 
organs, and to eliminating or destroying metabolic toxins. 

Prophylaxis.- Prevention consists in destroying the virus and rendering 
the possible victims immune. In the cuse of those virus diseases which are 
transmitU;d by insects, much may be done by destruction of the particular 
vector, though in view of the wide ai\;as over which a disease* such as 
yellow fever is endemic, total elimination of the insec*t vector is well nigh 
impossible. 

In view of the definite immunity jiroduced by most virus infections, 
how^cver, the possibilities of prophylactic immunization are considerable. 
Immunity may be produced by use of the following : 

(i) Immune serum, 

(ii) Immune serum and living virus, 

(iii) Virus attemuated by physical or chemical agents, 

(iv) Virus modified biologically. 
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Immune, or liyper-immune serum, is now largely used in measles pro])hy- 
laxis. A temporary immunity only is obtained. Mixtures of immune serum 
and living active virus have been used in rindiu’pest and dog distem jK^r. 
Virus attenuated or killed by physical or chemical mi'ans is also used in dog 
distemyier and louping ill, while in rabies, fowl -pox, yellow f(‘ver, and African 
horse sickness, a biologically modified virus is em])loy(‘d, either alone, after 
further chemical or ])hysical attenuation, or in association with immune s(*rum. 

It is probable that in the future prophylactic immunization will be 
extended to an increasing number of virus infections. 



CHAPTER XVI 


YELLOW FEVER 

Synonyms. — Typliiu ic^turoidos ; Fi^v^re jauno ; Fie^bro aniarilJa 
(Sj)aiiiHli) ; (Iclbfieber. 

Definition. — An acnt(% specific febriJe disease, due to a filterable 
\irus, occurrinj^^ e])ideniically, or endeinieally within a peculiarly 
limited ^M*o< 4 rapliicaI area. Tliou^di subject to great variation and 
occurring soiiH'tiines in a very mild form, its ty])ical clinical mani- 
festations may be said to be characterized by an initial stage of sthenic 
nature, rapidly followtnl by an adynamic condition associated with 
bradycardia : toxic jaundic(‘ and albuminuria are liable to occur. One 
attack conbTS immunity for lift-. The virus is transmitted ])rincipally 
l)y the female domestic mos(|uito, Aedes crgypti, formerly known as 
Steffotfiijid fdsriaia (sec Plate? IX and ]>. 995), which nauains infective 
for life. J'ipi(h?miologically it is possible to distinguish tbres^ types, an 
nrfxin form, transjuitted by .1. (rf/ifpti ; a rurdl form transmitted by 
the sam(‘ s|)e*cies ; and, in South Anu‘rica, a jntuilc form transmitted 
by /f. Iciicocclivnus, Hannagoifus caprironii and certain Sabethine 
mos(piit oes. 

History.- ddjc traiisniission of yellow fever through a moscpiito was 
foreshadowed by C'arhjs .Iiiaii Finlay in 1891. A great advance in our 
kn()NN l<‘dge of this disease was made in 1901 by the brilliant work of Reed, 

( 'arroll, and Agramontv, who showed that the causal agent co\ild pass through 
filter eaudk's ; also by living among yellow-fevt'r patients in mos{|uito- 
f)roteeted wards and surroundtHi by the excreta and vomit of these i)atients, 
t lH‘y prov ed, by themselv es remaining free from infection, that th(‘ transference 
of the disease under natural conditions takes jdaee through the bite of the 
mos(juito alone. 

In 1928 Stokes, Ihiuer, and Hudson showed that the rhesus monkey 
{Maeucu inuldtta) is susce])tible to the disease, and that the causal agent is an 
ultramicroscoj>ic virus. The virus of the disease can be transmitted to 
rhesus monkeys thnnigh many passages by blood inoculation and can be 
conv(‘>'ed bv the bite of infecU^d AeiUis from one animal to another almost 
indefinit('ly. Recent researches have shown that in certain outbreaks and, 
under laboratory conditions, other mosquitoes are capable of transmitting 
the viiais. The KuroiH?an hedgehog {Erinareus eump(Xdis) and an African 
s]>ecies {Ateh rix alhirenlris) are also very susceptible to yellow fever. 

In 1930 Max Theiler found that vellow fever may be transmitted to 
mi(?e by intracerebral inoculation, producing in these animals meningo- 
encephalitis. After a number of passages in mice, the vdrus becomes fixed 
and on reinoculation into numkeys does not. giv^e rise to ordinary yellow 
23 353 
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fever. The form of yellow-fever virus fixed for mice is now known as the 
“ neuro tropic ” strain, in contradistinction to the ordinary or pantropic ” 
strain. 

The discovery of the neurotropic strain of ^^ellow-fever virus has been 
followed by the development of an efficient prophylactic inoculation. 

“ Jungle ” yellow fever has been recognized since 193fi. 

Geographical distribution. — The liiteniatioiial Health Division 
of the Eockefeller Foundation has greatly extend(al our knowledge of 
the geographical distribution of yellow fevcT. OiKi attack of yellow 
fever produces innnune bodies in the serum which last for life. By 
means of the mouse-protection test (see p. 859), it is possibh^ to deter- 
mine whether yellow fever has ever been })resent in a district, and, 
from the ages of those giving positive j>rot(‘ction, when the last (‘pidianic 
occurred . 

In South America the disease is endemic in wide* areas in lEazil, 
while recent epidemics have occurred in Bolivia and C'olomlda. I’hen* 
is also evidence that the diseas(‘ exists or has ('xisttnl recently in J^ritish 
and Dutch (Juiana. 

Up to 1925 it was the general belief that yellow fever had disappeared 
from South America, but from 1927-29 it was still found in Itio de Janiero. 
Next locally infected cases were observed in the Brazilian States of Siio Paulo, 
Minas Beraes, Kio, Bahia, Sergipe, I’ernambuco, and Para. In 1980 the 
viscerotome was introduced for the purpose of obtaining liver tissue for 
pathological examination, and by its means the i‘xisteiK*e of jungle yellow- 
fever was proved, in the absence of .dfir/c*- (egypli, in Kspirito Santo. Jungle 
yellow fever is now regarded as the original and more peimaucnt form of 
yellow- fever. It was found to be the cause of an outbreak at Santa Cruz de 
la Sevia, Bolivia, in the west of the continent. 

A number of isolated cases have occurred among laboratory woi'kers 
w-ho have been engaged in the investigation of the disi^ast; ; tb('-.(; 
infections, wdiich number at least 85, ha\e bt‘en due botli (o the 
pan tropic and neurotropic strains of yellow--fev(a* virus (i>errv and 
Kitchen). Siiica^ the introduction of an efficiemt Jiiethod of immuniza- 
tion these laboratory infections have ceas(?d. 

With more rapid means of transport there is dang r that yellow- 
fever may be introduced either by motor car or by aero})ljne into new- 
areas in Africa or even into India or China, for Fastern races of A. tegijpti 
are as susceptible to infection as is the African. Adequate -ft ps have 
been taken in aerodromes in all the (uidemic areas. 

The history of the cokjiiizatioii and dcveloj)ment of West Africa, esjX'cially 
Sierra Leone and the Cold Coast, is a story of a hard-fought struggle against 
yellow fever. In 1826, out of a garrison of 535 soldiers, 115 died within tw o 
months, and of the first detachment of troops to occujy (’ape Coast (’astle 
in 1823, only one was alive in the following year. In 1878 an epidemic 
occurred wdiich involved the whole of Senegal ; as many as 1,474 Europeans 
were stricken and out of 26 doctors, 22 died. 

The last extensive epidemic of yellow fever on the Gold Coast occurred 
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in Accra in 1937. The feature of the epidemic was that it affected the native 
])opulation more than the JOuropean. There was a small outbreak on the 
Congo at Matadi and Boma in December, 1927, and January, 1928, and in 
1935 an epidemii; occurred at Bathurst on the Gambia ; there were numerous 
cases in WT^st Africa in 1937 and 1938. 

In Africa it has lanai shown, as the result of iinniunity surveys, 
that y(‘llow fever is widely distributed in a region extending from the 
coast of Senegal eastward, for approximately 8,800 miles, to the upper 
reaches of the White Nile in the Anglo-Kgyptian Sudan (i\Iap IV). 
Tlu! northern boundary is the Sahara, and on the west it follows the 
Atlantic from Sen(‘gal to the extreme north of Angola. The eastern 
houndary is indefinite ; ])ositive sera are found in the western half of 
I’ganda and in th(^ xAnglo-hlgyptian Sudan as far (‘ast as the Abyssinian 
l)or(h*r. The southern boundary extends across Angola to the most 
southtTii part of tin? H(*lgian Congo. Tla^re is evidence of recent 
infection in the Nuba ^lountains. This anui has a maximal width of 
soni(‘ 1,100 miles, and lies betweiai the latitudes of IC" N. and 6° S. 
Th(‘ n‘as(in why ytJlow^ fex'er has not spread to Kenya and Uganda is 
at present not urKbu’stood. 

Epidemiology. Until comparatively rt*cently, it was thought 
that yi'llow ft'Vt'r was conhned to scapm't towns and seldom spread far 
inland. A hundred years ag(», it often occurred in epidemic form on 
board sailing ships at sea. and eviai sprea<l from one ship to another 
\\hiK‘ lying in }u»rt off the coasts of rortugal, France or Spain. 

The histories of epichanics show that tin* virus of yellow fever 
can be trans]»orted from one jilace to another, and that for its develo})- 
ment in (‘]»idemiv‘ form it usually requires a mean atmospheric tempera- 
turt' of over 75° F. (2‘l-25° C.), but it is now recognized that the endemic 
ciaitres havt* never extended beyond 40° N. Lat. and 85° S., where 
the isotherm is luJ below^ 20° C. It ceases to spread when the ther- 
mometer sinks bel(Av this }>oint, and it stops abruptly as an epidemic 
wben tlu! fr(H*zing-point is reached. Danqmess favours yellow fever; 
it is th(T(‘fore most liabl(‘ to occur and to spread during the rainy 
season. It does exist, however, in arid areas, and may occur in 
mountainous r(‘gions up to 4,000 ft. It has betm found far inland. 
X'illages are seldom affected by large epidianics ; nor does the disease 
readily s})ri*ad if introduced into rural localities. In advancing inland 
it follows the lint's of communication — railways, canals, navigable rivers. 

The urban form cannot continue to exist or spread in the absence of 
Ai'des cegypti mos(|uitt)es in sufficient numbers. It may bo that in this 
sinq)le fact lies the explanation of many historic instances of the dis- 
a[)[)earance of yellow' ft'ver in the absence of any anti-mosquito measures. 

Jungle yellow fever occurs solely in South America. It is present 
in orchard bush in Bolivia, Colombia and Brazil and is conveyed by the 
bites of Aedes leucocelceiius, Hanmagogus capricorni and certain Sabethine 
mosquitoes {SahethoideSy lAynaiuSy Wyeomyiay GoeJdia, and Tricho- 
prosopon). 
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Ivimnnity acquired by a previous attack . — ]t is now rc'cognizocl that 
prolonged residence in an endemic area does not, in the case of 
Europeans, lead to immunity in the absence of an attack of yellow 
fever, while natives who pass through an epidemic unscathed do so 
because they have acquired an immunity as the result of a previous 
infection ; and thus arises the native adage, “ White man, big fever : 
black man, little fever.” It is of interest, Ijowever, to note that 
investigation of an area by the mouse-protection t('st, iniinediately 
after the subsidence of an epidemic, shows that the Jiumber of persons 
who give positive protection is very much great (T than the actual 
number of cases clinically diagnosed as yellow fevcT. 

Khcsiis monkeys artificially infect(‘d with an active' pantroj)ic strain of 
yellow fever usually die in from four to se-ven days after inoculation, before 
the}^ liave had time to develop immune bodk'S. ddieir tissues are th('n'for(' 
infective at the time of death. Human beings form i!nniune bodies more 
rapidly and rarely die btd'ore the fifth or sixth day of fevei’, by which time' 
sufficient have been formed to neutralize the virus ; it is })rcsent in an active 
state in the blood during the first three days of rhe lever. 

The virus can pass, not only through the unbroken skin, but through Uk' 
conjunctiva, while the neurotropic virus can inlect tlirough the nasal mucosa, 
and in these findings probably lies the explanation of the infection of laboratory 
workers who contracted the disease from a human cas(‘ in England, and also 
of the laboratory infi'ctions whicli have soinetina's ])r()ved fatal after ] 04 - 
mortem examination of monkeys. 

In monkeys the virus can rc-adily pass through the mucosa of the alimen- 
tary tract. 

IncuhafioJi period oj cm epidcjuic. — i’rc'cisc' ex])orinioiils indicate 
that tlie incubation period of yellow fever rarely (‘xc(‘(‘ds four or 
with a limit of thirtt'eii, days ; it may, it is said, bi' much shorter. 
In experimental infection of humans the shortc'st incubation ])eriod 
reported is two days. Occasionally it happened that the disi'ase brolo^ 
out in a ship aftcT she had been several wi‘eks at sea, ha\ ing had no 
communication with the land or with another shi[) in the meant iiiit'. 
This was due to the introduction of infected mos<juitoes into th(' slii]) 
before^ leaving port. 

A pf'riod of at least a fortnight ela])ses betwcM'ii tlu^ arrival of a 
yellow-levcT patient in a hitherto uninfected district and the oecurrenct; 
of the first case of the epidemic he may give ris(‘ to. Iliat s to say, 
that although, as stated above, the incubation period of yellow fever — 
the period elapsing betw'een the introduction of the virus itito the body 
and the oncoming of fever — is usually only from thr(‘e to livt‘ days, 
yet a })eriod of at least twadve days must (lapse before that virus, after 
removal from one human body, can be effectively implanted in another. 
This is known as the extrinsic incubation ])eriod. Experiments with 
mosquitoes fed on monkeys show that the extrinsic incu’nation period 
may be reduced to eight or nine days if the mosciuitoes are kept at 
high temperatures, but if maintained at low on(*s thi'y may never 
become infected. 
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('onditioyis favouring endeinicity . — In order that yellow fever may 
continue to exint in an urban coinniunity, three factors are necessary — 
(1) tlu^ virus ; (‘2) the; vector : (B) susceptible human beings living under 
conditions in which both parasite and man are easily accessible to 
the mosquito. A short break in this chain is sufficient to eliminate 
th(‘ dis(‘as(‘. In tie* urban type, yellow fevcT cannot continu(i p(^r- 
maneidly in a community, unless th(^ mosquito is pr(*s(‘nt in sufficient 
mmilx'rs. In a po])nlation which is to a great extent immune from 
yellow fever it is obvious that a gr(‘at(*r number of infected mosquitoes 
ar<‘ iKXM'ssary to maintain tin? infection. Instances are oti record of the 
(lisappearanc(‘ of the diseas<? from towns in Soutli America in which no 
sanitary work had Ixxai done to eliminate the mosquito. The possible 
(‘xplanation would a])p(‘ar to b(‘ the lack of enough susceptible persons 
(o contiinu' tin* lih‘ of the virus in man. rnqu(‘slional»ly, in its endemic 
areas yellow ft‘V(T (‘xisis in a modilied or “ larval ” form among the 
native children of the community, and the disc^ase may only be 
recognized as such when it attacks non-imnnme iinniigrants. 

Findlay has shown that the scniin of about 25 per cent, of the monkeys 
in (Vntral Africa is protective a<:;ainst y(‘llow fevc'r, and about tlie same 
proportion holds for those of the New World. In rural areas, therefore, 
yellow tevc'r may }H*rsist in the absence of susceptible human beings. It is 
also a curious fact that normal cow’s serum in certain instances protects. 

Jn Ecuador the' natives of the' endemic zon<* round (iuayaquil 
])ossess an ininiunity due to mild attacks of yellow fevtu* in childhood, 
but native's of Quito, BOO mih'S distant, when* tlu're is no yedlow feve'r, 
do not j)ossess it, and many residents have contracted the inh'ction on 
passing through (luayaejuil to lairope'. 

Sawyer, UaiK'r and Whitman have* shown, by ni<*ans of immunity 
t('sts, that of S7t) liiinian si'ra from Asia and Australia, only two showed 
any ])rott'ction against yc'llow f(‘V(*r, and among 4S[ st'ra from Italy. 
Ikertugal, ('anada, and the nortlu'rn li.S.A., and from some localities 
wh('n* th(‘ djs('as(' was formiTly present, only one was protective. 
The nat ure of tlu'se odd cases showing non-specitic virucidal substances 
in the blood is obscure. 

Sc'ra wc'i’c' also ti'sti'd frotn the West Indie'S, Barbados, Cuba, 
daniaica, Forto liico, St. Lucia and Trinidad : 821 sera from peTsons 
uiah'r twe'nty years of age were all negative; but of tin* remaining 
B5(), BO, or 8*12 pt'r cc'nt., gave ])ositive prott'ction tc'sts. 

Jn a total of 1,080 sera from Mexico: 

5 0 y(‘ars, 0*9 })t‘r cent, wt're positive. 

10-14 years, 8*55 „ 

15-19 years, 28-81 ,, „ 

20 or over, 42-72 „ 

From the Sudan, where yellow fever has not until recently be(ni 
recognized, the (examination of 43 s(Ta from cases of jaundice resulted 
in the recognition of nine positives, eight of which came from the 
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Southern Sudan, and one from Wad Medani. Many villages in the 
Nuba JMountains show from 70 to SO per cent, of positives, while those 
in the Fung area to the east of the White Nile an^ also iiifecti'd. 

.Etiology. — A great many attempts have been made in the past 
to discover the germ or virus of yellow fever, and a corresponding 
number of organisms have been described. 

Reed, Carroll and Agramonie in 1901 showed that the causal agent was 
filterable. This was the first occasion on which a filterable agent was shown 
to be the cause of a human disease. 

Stokes, Bauer, and Hudson clearly proved that the agent of yellow fever 
is ultramicroscopic and passes through Berkcd'eld filters \" and W. 

Sellards and Hindle have shown that the yellow-fever virus (;an maintain 
its vitality when frozen. Liver and blood from an infected monkey were 
collected in sterile tubes, frozen in a mixture of ice and salt for a p(?riod of 
twelve days and transported from Dakar to London, where, when ino(;ulatx'd 
subcutaneously or intraperitoneally into monkeys, the disease was reproduced. 
When frozen and dried the virus can retain its vitality for many years. A 
pantropic strain dried for seven and a half years killed a rhesus monkey in 
six days. 

The o))S(‘rvations which had been madi‘ upon tla^ cetiolog}^ of the 
disease explained certain gentTally acce])ted facts: (1) ddu' impunity 
with which a yellow-fever j)ati(‘nt can be visit(al by a non-immune if 
outside the (*ndeniic area : the ujosquitoes in tin' \'icinify are not 
infective. (2) The dangcT of visiting the end(‘niic ar(‘a wluai th(‘ 
mosquitoes are both active and infective: W/yp/i’ usually feeds in 

the late aft(‘rnoon, and th(‘ forest-living inosquitot's resj)onsible for 
jungle yellow fever in South Ana'rica bite during flu' day. (S) ddic dis- 
crepancy b(‘tw(‘eii the incubation period, three (o five days, of the 
disease, and the incubation period, fourteiui days and o\fr, of an 
epidemic : flu* evolution of fbe germ iji fbe mos(|uitoes infecfed l)y the 
original introducing patient demands the spact* of time indicated by 
the difference betwa'cn these, two ptTiods. (4) TIk^ clinging of y(‘llow- 
fever infection to ships, buildings, and loca,liti(^s : tlu‘ persist laice of 
the germ in infected moscpiitoc^s (Aedcs auji/pfi), which ari* known to 
be capable of surviving f(>r fivt‘ inonths, aiid probafjly longer, aft(T 
feeding on blood. (5) The high atmospb(‘ric t(‘mp(‘rature re niirtMl for 
the epidemic extension of yellow fev(*r : such temp(‘ratur(‘ fav airs the 
activities and propagation of the mosipiito and is necessary ior the 
evolution of the g(^rm in the insect. 

A most important discovery has been that of Theil(‘r (1930) in 
that ivhite mice can be injected with yellow-fever virus by intracerebral 
inoculation. The disiaise produced is not y<*llow fevia', but viennujo- 
enceplialitis , and after a certain number of jiassagrs in mouse brains, 
yellow fever of the usual type is not producial when monkeys are 
inoculated with the brain tissues of infected mic(‘. 

Although African monkeys are not immune to the visecrotropic strain of 
yellow-fever virus, they do not react by fever ; the virus, however, circulates 
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in blood for a time and immune bodies subsequently appear. South 
American monkeys are also susceptible. The clinical symptoms in rhesus 
monkeys are very similar to those of a rapid infection in man. Certain 
strains of pantropic virus are, however, much less virulent for monkeys than 
others. 

The clinical severity of the human infection does not appear to bear any 
relation to the actual virulence of the virus, for Aragao (1928) produced 
fatal infections by inoculating monkeys with blood from benign cases 
of the disease. The “ French ” strain of virus, a very virulent one, was 
obtaiiK^l from a Syrian in Dakar who showed febrile symptoms for a few 
days only. 

Infection in rhesus monkeys with the pantropic strain can be produced 
by subcutanecjus or intraj)eritoneal inje(*tion of infected blood tissues, by 
smearing yellow-fever blood on the unbroken skin, or by the mucous mem- 
brane of the alimentary tract. Infection may occair from the bite of even 
a single A hit's. 

The sjK‘cies of monkey which are susceptible to the pantropic strain of 
yellow-fever virus are : the Barbary ape {Maram the rhesus monkey 

{M . mulatta), the crab-eating macacque {31. irus) the brown macacque 
{M. speciosns) and 31. sinicus. in the latt(w species the infection is not fatal. 
Among New World monkeys marmosets usually die, while certain species of 
capuchin monkeys suffer from a febrile attack but do not succumb. Guinea- 
j)igs are com})letely refractory, so that inoculation of this creature with 
suspected blood serves as a means of differentiation from Leptospira ictero- 
ha'morrhfigia'. The Furop(‘an h(‘dgehog, Erinaceus earopceus, regularly dies 
in from four to seven days afUw inoculation with pantropic virus, while 
Atclerix alhiventris. Primer’s hedgehog from the Anglo- Egyptian Sudan, is 
also Huscej)tible. Most laboratory animals, however, behave differently to 
intracerebral inoculation, as will be seen later. 

There is a possibility that in certain rural areas a supply of infected 
mosquitoes may be maintained, in the absence of susceptible human beings, 
l)y feeding on monkeys or insectivora, which thus act as virus reservoirs. 

Kn(le))ii(‘ihi as ascertained by protection tests . — The fact that after 
an attack of yellow fever immune bodies are present in the serum 
for lifi‘, and that when mixtures of immune serum and virus are injected 
into suscei)tible animals infection does not occur, has given rise to 
tlie use of “ protection tests ” for the diagnosis of recovered cases 
of yellow fever. In the casi> of the pantropic virus a mixture of virus 
and tlie serum under (‘xamination is injected into a rhesus monkey : 
if the serum contains immune bodies the monkey does not die. This 
is known as the “ monLey-protection test.'' When the neurotropic virus 
is used, a mixture of the serum and infected mouse brain is injected 
intraperitoneally into mice, which are at the same time inoculated 
intraciTobrally with starch. If the serum fails to protect the mice 
dev(;lop i‘ncephalitis. This is knowm as the “ mouse-protection test " 
(Sawyer and Lloyd). Both ti'sts possess a very high degree of 
specificity and the results obtained by the two tests in the same areas 
of Africa and South America are in close agreement. The observations 
which have now been made indicate that, both in Africa and in South 
America, the areas which have been infected with yellow fever during 



360 


YELLOW FEVER 


the lifetime of the present generation are very much more extensive 
than was previously imagined. Despite the non-recognition of out- 
breaks of yellow fever among native populations, it has been found 
that in Northern Nigeria, for instance, the populations of Ibadan and 
Ilorin yield 30*4 per cent, of protective sera; similar positive results 
have been obtained with sera from the French W(‘st African c()loTii(‘S 
and the Anglo-Egyptian Sudan. TIuto is some (evidence to show tbab 
infants wiio are being suckled by an immuni' mother are ])assiv(‘ly 
immune so long as they continue to feed on their mothers, wbil(‘ monkeys 
borne of immune mothers possess immune i)odi(‘s at th(*ir birth. 

Cullivafion ofili.e virus . — Haagen and TlieikT sn(*c(‘{‘(it‘(l in cultivating 
the neurotropic strain of yellow-fever virus in a UKHiium of minced 
chick embryo suspended in a mixture of normal monkey serum and 
TyTode solution. Even after one hundred passagt's tlaa'e was no 
appreciable loss of neurotro])ic activity. No growth could lx* obtained 
in the absence of living cells. Jjloyd successfully cultivat(‘d the ])an- 
tropic strain which, after mon^ than one hundn'd subcult ur(*s, has now 
becoiiK* so att('nuated that it can be us(‘d as a vacchji*. Eliix'udorf 
and Smith have successfully grown tin* pantropic virus on the cborio- 
allantoic membram^ of the* dev(*loping chick embryo. 

The neurotrojnc strain of yelloiv-fever virus . — When once tlu^ virus 
has become fixed for the brains of mice, it can lx* passaged ind(*linitely 
by intracerebral inoculation in tlu'se animals, though iuject(xl iiitra- 
peritonoally it fails to kill ; it is capable of ])r(xlucing a na'iiingo- 
encephalitis not only in mice but in guinea-pigs, agoutis, squirri'ls, 
peccaries, capybaras, coatis, and tield-voles, as wt‘ll as in all sjx'cies of 
monkey, Indian, African, and New World ; A isct‘rotro})ic h'sious are 
not found. Eats, rab})its, hanist(‘rs, [)ig(‘ons, Ix'us and canari<‘S do not 
sutler from an encej)halitis. In h(*dgehogs, intrac(*r(‘bral inoculation 
may Ix^ follow(*d by tln.^ occurr(*n('e of n(‘crotic lesions in the liver. 
Inoculation of neurotropic virus intrahepatically in rlx'sus moido'ys 
may cause reconversion to the pantro})ic strain. S])ontaiK'o\is recon- 
version of a neurotropic virus with the production of i)antropic k*sions 
has occurred. 

Physical properties of the vii us. — virus, both neurotropic and visc(‘ro- 
tropic, passes readily through the ordinary filters, Eerkefeld, CL iniberlaTid 
and Seitz. Findlay and Broom, by filtration tlirough graded collodion 
membranes, have shown that the approximate size of the virus is ix* tween 
18 and 27 rr? /x. The virus of yellow fever is pan tropic; in the sense; that it 
can })roduce lesions in all three embryonic layers. 

Both the pantropic and neurotropic viruses are inactivaUxl at a t(“ni- 
perature of from 60° to 65° C. (Frobisher). When frozen and dried, tlx; virus 
can retain its vitality for many months ; it is also inactivated by the photo- 
dynamic action of dyes such as methylene blue (1 : 100,000) and proflavine 
(1 : 50,000) when exposed for short periods to a pointolite. 'riu* })antro])io 
virus can withstand strong disinfectants such as mercuric; chloride 1 : 75(K), 
phenol 1 : 150 at 30° C. Both strains carry a negative electrical charge at 
the of the tissues. 
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BiocfiemicaJ changes produced by the virus , — All the biochemical changes 
which occur in yellow fever can be interpretc;d as an interference with the liver 
there being no delinite evidence of serious impairment of kidney function. 
Thus there is loss of glycogen from the livcT and a considerable reduction 
in the blood-sugar. Findlay and Hindle have also shown that, as in other 
toxic affections of the liver, there is, in rhesus monkeys, an inc^rease in the 
blood of guanidine-like substance. A similar increase is also jiriisent in 
human cases of yellow fevtT. The rc^peat(*d administration of cahaurn lactate 
in large doses nnluces this exiaiss of guanidine and may play a ])art in preventing 
gastri(‘ luemorrhage. 

( 1 ) Transmission, — The yellow-fever virus has distiiudive characters and 
can be converted in the laboratory into a fixed neurotropii; strain. Apart 
from the usual method of infection by the bites of infected moscpiitoes, it is 
possible to ai rpiire yellow fever through handling infected materials. Two 
liospital infections have been najorded in laboratory technicians in making 
blood slides and examining blood by biochemical methods. One of these 
proved fatal. There have been, moreover, severe and sometimes fatal 
infections resulting from jiost-mortem examinations of infected monkeys. 
It is recommended then^fore that minute precautions should be taken in 
the post-mortem room ; rubbiT glov(*s should be worn when taking speca- 
mens of suspected yi^llow -fever blood in an imdemic area. Preferably 
all those likely to come in contact with yellow’ f(‘ver should have beim 
imm unized. 

(2) Transmission through the m os(pi it o.~ -The o])timum Uanperature for 
development of the virus within the mosrpiito is 20 C., t he extnanes being 
IS , ‘17 (k, or in other words tlu‘ atmospheric conditions of those loi^alities in 
which yellow fever is enderniia Piider natural conditions the percentage of 
mosquitws w Inch bec'ome infected is very small ; possibly this may be 
ex})lained by the small quantity of blood (0 01 c.c.) imbibed by Aedcs (cgypti. 
There is no [iroof of hereditary transmission in the rnoscpiito. I’he mosquito 
which is ])rovT‘d to be the principal vector for yellow fever is Aedes’ agypti, 
and many observations have been made u]>on its habits in so far as tliev 
affect the adiology of the disease. It has been noted tliat tlu' female mosquito 
do{‘s not lay eggs until she has fed upon blood, and that these are deposittal 
about three days after feeding. It is generally stated — but this rule is by 
no means invariable — that liefore laying her eggs the mosquito is both diurnal 
and nocturnal in her feeding habits, but that subsequently she becomes 
strictly nocturnal, but this has recently been found to be incorrect. For 
further information on the habits of this mosquito, see p. 99b. 

^riie incubation period before a mosquito becomes infe^ctive has 
beiui shown to defiend mainly upon the temperature. When the 
temperature is at 37° C. four days are necessary ; at 21° C. eighteen 
(lays, but when kept at still lower temperatures (10-15° C.) the virus 
persists in mosquitoes without their bite b(H‘oming inf(K‘tive. The 
ty})(^ of development app(>ars to be simple, for if infVa'tive mos(]uitoes 
are ground up and fed in syrup to normal mosquitoes they, too, become 
inhxded after the usual incubation period. 

The exact course^ of d(welopm('nt of the virus in the mosquito has 
not been traced, but Aragao has shown that the virus is present in 
the alimentary canal for at least ten days after an infective meal, and 
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subsequently it becomes centred in the salivary glands. The virus 
undergoes multiplication in the mosquito. 

hrmuniUj . — The serum of patients who have recovered from 
yellow fever protects for life. Employing this protection method in 
monkeys and later in mice, the Rockefeller Commission in Nigeria 
have been able to detect the existence of yellow fever in villages where 
no signs of the disease had been noted. 

Mosquitoes other than A. cegypti (formerly Stegom.yia fasciata ). — It 
has been proved in recent years that, under laboratory conditions at 
any rate, other species of mosquito are capable of transmitting yellow- 
fever virus. In South America certain epidemics hav(^ occurred in the 
complete absence of A. cegypti and certain jungle mosquitoes have been 
found infected, namely Aedes leucocekenus, Hceviagogus copricorni and 
several Sabethina). Shannon, Whitman and Franca (1938) {see j). 855). 
The following mosquitoes also have been found able to transmit yellow 
fever by biting under laboratory conditions : 

Culex Jatigans. 

European mosquitoes : A 'edcs genicukitus. 

African mosquitoes: Aedes vitlatuSy A. luteocephalus, A. africanus, 
A. sijnpsoni, A. stokesiy Mansonia africuna, Culex thalassius, Eretmo- 
podifes chrysogaslcr. 

Asiatic mosquitoes ; Aedes alhopietus. 

8outh American mosquitoes: ACles fluviatilis, A. scapuJaris. 

North American mosquitoes: Aedes triseria us. 

Ill a number of other mosquitoes the ydlow f(‘ver virus remains 
active for considerable periods but is not transmitted by biting. 

Pathology. — 3'he olive-yellow colour of the skin is most mark(‘d 
in the dependent parts of the cadaver, especially in those parts which 
are sulqected to pressure. Rigor mortis is pronounced. Petechiic 
are common in the skin and serous mend)ran(‘S : more considerable 
extravasations of blood may be found in the muscles. The brain 
and meninges are hyperiemic and may bo studded with minute effusions ; 
like the other tissues of the body, they may be stained a lighter or 
deeper yellow. The cartilages are intensely yellow. 

The blood in the vessels of the general circulation is not firmly 
coagulated. An important fact, as explaining the liability to passive 
haemorrhages, is the existence of a general izi*d fatty degeiKuation of 
the capillaries and smaller blood-vessels. The stomach usually con- 
tains black or fluid blood. The folds of the gastric mucous mem- 
brane are swollen and there are aborescent patches of ecchymosis. The 
small intestine contains a dark material similar to that in the stomach. 

The virus of yellow fever, like certain other virus(‘s, has a parti- 
cularly destructive action on the liver cells, and by a microscopic 
examination of liver sections alone it is usually possibh} to arrive at a 
diagnosis. If death has occurred at the later stages, the organ is 
usually somewhat friable and may present a yellowish colour wliich 
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has been compared with that of box-wood. The most marked changes 
are found in the mid-zonal region of the liver lobules, to a lesser extent 
at the periphery of the Jolniles. The liver cells are often separated 
one from another and tend to assume a rounded shape ; a fatty 
degeneration may be very intense (Fig. 46.) Frequentl}" the cytoplasm 
in whole or in part un(lergo(‘s a hyalini^ degen(;ration — hyaline necrosis — 
together with hyaliia* bodies, first described by Councilman, while the 
cytoplasm of all th(5 liver cells stains more intensely with acid stains 
such as (‘osin. The nuclei of the liver cells exhibit margination of the 



I'ig. 46. Yellow fever : section of liver (low power) showing fatty and hyaline 
degeneration and Councilman lesions. {Dr. G. M. Findlay.) 

chromatin round the nuclear iiumibrane, while in some cells the 
nucleo])lasni is occupied by acido])hilic intranuclear masses (Fig. 47). 
Usually only a small number of cells art' thus affected, but with certain 
strains 70-80 pt'r cent, texhibit inclusions. In the rhesus monkey, a 
high ptTct'iitagt^ of cells always shows intranuclear inclusions. Tliese 
intranuclt'ar inclusiotis were first described by Torres and have been 
spticially studied by Cowdry and Kitchen ; they are similar in type to, 
though not identical with, the intranuclear inclusions found in many 
otht'r virus diseases. Within the liver lobules there is found hyperplasia 
of the endothelial cells of the sinuses and an infiltration with large mono- 
nuclear cells and a ftnv polymor})honuclear leucocytes. In the rhesus 
monkey the infiltrating cells are predominantly polymorphonuclear, 
while 80-90 per cent, of the parenchymatous cells contain acidophilic 
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intranuclear inclnsiojis. Coiiiicihnan l(‘sions, on the otluT luind, an^ 
c()ni})aratively ran*, fatty (iegentTation is also less marked tijan 

in man. 

In tlie s])leen there are no characteristic changes, hut the endo- 
thelial cells of the splenic sinuses may show hyperj^lasia, \vhil(3 the 
Malpighian corpuscles are somewhat atrophied. Definite clianges, 
however, are found m the kidneys. Haemorrhagic foci under the 
capsule and in the cortex are common. The renal epithelium shows 
cloudy swelling passing on to fatty degeneration which ailects the 
tubuh'S more than the glomeruli. The tubules, here and then*, are 
filled with casts, either of an albuminoid material or of dfd)ris of 



Fig. 47.— Yellow fever: section of livei X 2,000 showing acidophilic intranuclear 
inclusions and Councilman bodies. {Ih. C. M. Findlay.) 

desquamated epithelium, corresponding with the casts in the albu- 
minous urine. Hoffman regards the presence of linu'-casts in the 
convuluted tubules as distinctive of yellow fever. 

Symptoms. — There is the same variety in the initial S3mptf)ms 
of yellow fever as in otlu'r specific fev(‘rs. There may be sudden 
rigor occurring in th(i midst of apparent health ; there may be only 
slight chills ; or there may he a i)eriod of ])remonitory malaise h'ading 
lip to the more pronouiK'ed synqitoms ; hut high tenqieratures are 
not a feature of yellow fevaa*. When fairly started, the ])roc(‘ssion 
of events is rapid. The incubation pi'riod is usually from three to 
six days. 

Koughly speaking, and provided there are no complications, an 
attack of yellow fever is divisible into three stages— ( 1 ) the initial 
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fever ; (2) the “ period of calm,” as it is called ; and (8), in severe 
cases, the period of reaction. 

The initial fever is usually sudden in onset, and lasts from three 
to four days. The maximum temperature is generally attained within 
tli(} first twenty-four hours, or liy the second day, and, in a case of 
medium severity, may rise to about 108° or 104° ¥. During the three 
or four succeeding days the mercury slowly sinks to 98° or 99°, the 
daily Ouctuations being seldom more than a lialf to one degree. It 
occasionally happens that higli temperature is maintained for more 
than three days, and also that the maximum is not attained till the 



('iglitli ; as a rule, the tlu‘rmoni(‘ter behaves as descrihed. the maximum 
being readied within two days of the onset of the disease (Chart 18). 

^\’ith or soon after the initial chill or rigor, severe headache sets 
in and is generally a ]irominent feature. For the most part the pain 
is concentrated about the forehead, in the circumorbital region, and 
in the eyeballs themselves. In many cases it is associated with intoler- 
ance of light. 

Loin pain is another very distressing symptom ; it may amount 
to positive agony : the backache may be as bad as in a severe case 
of smallpox. The legs, too, ache excessively- — particularly the 
calves, knees, and ankles ; they fe(‘l as if broken. Fpigastric pain 
is generally a prominent symptom. 

The face is fluslu'd and swollen ; the eyes are shining, injected, 
and ferrety ; the skin is dry. 
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What with pain and febrile distress the patient rapidly passes 
into a very miserable condition. He is restless and continually tossing 
about. 

At first the pulse ranges from 100 to 120, and is full and strong ; 
but as tlie disease progresses the pulse loses its sthenic character, 
gradually falling in force and frequency until, at the “ period of calm,” 
it becomes remarkably slow and compressible, beating perhaps only 
30 or 40 times per minute. This fact niay b(^ of particular value in 
diagnosis, and is known as Faget's sign — that is, a falling pulse-rate with 
a constant temperature, or a constant pulse-rate with a rising tem- 
perature. It is in fact a sign which emphasizes the lack of correlation 
of temperature and pulse, so that by the second day, notwithstanding 
the high temperature, the pulse-rate becomes less, and by the third or 
fourth day it has probably decreased 20-40 beats from its initial rate. 

At the outset the tongue is not very dirty, but it soon acquirt's 
a white coating on the dorsum, the edges naiiaiiiing clean. It is not 
so swollen and flabby as in malarial fever ; on the contrary, it is rather 
small and pointed throughout the disease. This is regardt'd as an 
important diagnostic mark : taken along with the progressive diminu- 
tion in the strength and frequency of the ])uls(‘ and tlie })eculiar 
behaviour of the temperature, it is nearly conclusive as to the disease 
being yellow fever. Later, the tongue dries and, at the same time, 
thirst becomes intolerable. The palate is congest ( m 1 and swollen ; 
the gums may also swell and bk‘ed. 

The congested appearance of the face at the onset of the dist'ase 
tends to subside ; so that by the time the asthenic stage is reached 
the features may have become small, the ey(‘S sunken, and the eyelids 
discoloured by ecchymoses. 

hi some cases the skin is hot and dry throughout ; in others it 
may be Ix'dc'wed with })erspi ration from time to time ; or the sweating 
may be constant, especially if collapse sets in. 

By the third day the sclerae assume a yellowish tinge, and very 
often the skin acquires the yellow colour from which the disease derives 
its name. It must not be understood, however, that every case 
presents this colour of skin ; in some it is entiri'ly absent, l)ut if 
carefully looked for there is always some yellowiu'ss of the sch^ne 
to be discovered. The yellow tinging of the skin gtaKTabj shows 
about the end of the first stage, deepening in intensify as the case 
advances, and remaining apparent for a considerable time after 
convalescence has become established. It ranges in depth from a 
light saffron tint to a deep mahogany brown. In fatal cases it is 
always present — not necessarily during life, but invariably after death. 
The skin in bad cases is said to emit a peculiar odour like gun-washings, 
or, as Jackson puts it, like the smell of a fish-mark(‘t. 

Petechial, erythematous, papular, and other eruptivjns may show 
themselves in different cases ; but in yellow fever there is no charac- 
teristic eruption, unless it be an erythematous congestion of scrotum 
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or vulva, which occurs in a proportion of cases and is described as 
diagnostic. Bleeding from the gums is said to be characteristic. 

An iinportiiiit feature, from the diagnostic as well as from the 
pro^rnostic point of view, is the appearance, in some cases almost 
froiii the outset of the disease, of albumin in the urine, together with 
a tendency to suppression. This, according to Bichat, appears towards 
the end of the second day. In mild cases these features may be little 
marked ; but in severe cases, particularly during the stage of de- 
pression, the urine may fall to a few ounces, and be loaded with 
albumin to the extent of one-half or even two-thirds (usually about 
2 grrn. of albumin per litre). The more pronounced these symptoms, 
the graver is the j)rognosis. It has been noted that the amount of 
albumin increases as the temperature falls. Urea (even during the 
incubation period) and uric ficid are very much diminished, the former 
in severe cases failing to 1*5 grrn. to the litre. The urine is almost 
invariably acid, depositing granular casts, and giving sptKdroscopic 
evidence of haunoglobin. Bile-pigments and bile-stained tube-casts 
show themselves towards the end of the disease, usually about the 
fifth day, and their appearance is regarded as a favourable omen, 
hhemorrhage from kidm^ys or urinary tract is not uncommon. The 
blood urea is usually high during the terminal stages. 

Insomnia is usual, but if it occurs before the third day the prognosis 
is said to be grave. Delirium may occur, but is not an invariable 
feature. Usually, after the initial stage of restlessness and acute 
suffering, the patient b(M*omes torpid, and perhaps taciturn. In 
bad cases coma, subsultus, etc., may gradually supervene, the tem- 
perature rising as death approaches, and even after. A well-marked 
iacke is prc^sent on the foreljead as well as on other })arts of the body. 

At the outset the bowels are confined. In the second stage, 
diarrluea, perhaps of black material resembling the Vomit {see below), 
may supervem* ; or then' may be actual haunorrhage of bright-red 
blood from the bowel. 

Nausea and vomiting are more common than in other fevers. 
The well-known bldclc roinii — always a grave symptom, but fortunately 
not by any means an invariable one — forms one of the most striking 
features of this disease. In the earlier stages of the fever, vomiting 
of bilious matters is a common occurrence. This may subside or, 
after a time, give place to a coffee-grounds vomit which seems to 
gusli up wdthout straining or effort on the patient’s part, and which 
gradually deepens in colour until it becomes uniformly black. On 
microscopical examination the vomited material is found to consist 
of broken-down blood-corpuscles and altered haemoglobin suspended 
in a yellowish mucoid fluid. This material is, doubtless, in the main 
derived from blood transuded through the walls of the capillaries of 
the mucous membrane of the stomach. It is intensely acid. Though 
the black vomit may not always be seen in fatal cases during 
life, the material is invariably found in the stomach post mortem. 
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Somotimes pure blood is thrown up from the stoinacii ; similar 
passive hoeiriorrhages may take place from almost any part of the 
body — from eyes, ears, nose, mouth, bladder, uterus and so on. 
“ Everything is congested at the outset, everything bleeds at the 
end,” is a well-known adage in regard to this disease. 

Death may occur during the early acute stage, being preced(‘d 
by a rapid rise of temperature. TIk^ majority of deaths occur on 
the fifth and sixth days ; the end S(‘ldom comes before the third or 
after the eleventh day, and, at this stages it is generally preceded by a 
rapid fall of temperature. 

In mild cases the “ period of calm,” which sets in aft(‘r the 
subsidence of the initial fev(T, may last for several days before 
conval(‘Scence is established. The most constant synijitoms are* lunid- 
ache, pain in the back and extnanities, photophobia, anorexia, 
prostration, congestion of the eyes, with a ty})ical tongue, jiointed and 
coated, but with red e(lg(‘S and tip. In such easels recoviTy, once b(‘gun, 
is usually rapid ; in a week from the beginning of the disease the 
patient may be about again. In severe cases, howevi'r, the piu’iod 
of calm is followed by a third stage, the stage of n‘action, in which 
the temperature again rises, though not to so high a point as in the 
initial fever, and a sort of remitting lever of an adynauiic tyjie keeps 
on for several days or weeks. This secondary ii'vvr is more j)rolonged 
if there is any complication, such as abscess, boils, {xirotitis, buboes, 
or hepatitis. The icterus is now very pronounced ; black vomit 
may recur, or appear for the first time ; perhaps a })rofuse diarrhcea 
ends in collapse ; or the urine may be suppressed, stupor, coma, and 
other nervous synijitoms ensuing, and very often ending in death. 
In other instances the secondary fever terminates in a crisis of sweating 
and a prolonged convalescence. 

Even in Ihiropeans, as illustrated by certain of the infections 
contracted in tlie laboratory, yellow fever may be comparatively 
mild and may resemble an attack of influenza. 

Ilelapses are rare, and when they do ocinir are dangerous. The 
immunity produced by one attack of yellow fever is usually 
permanent, as permammt as that produced by smallpox or measkis. 

As a rule, there is no ana;mia, but there is a slight leucocytosis 
early in the disease, soon followed by a loucopenia, which n aches its 
lowest point about the fifth or sixth day (Berry and Kitchen) ; the 
polymorphonuclear cells ])redominate, and there is an increase of 
mononuclear cells during convalescence. In human inftictions the 
virus has be(m shown to exist in the blood 107 hours after the onset 
of fever, while antibody has beam detected after 83 hours, thus con- 
firming what had already been suspected on epidemiological grounds 
of the simultaneous })resence of virus and antibody in human blood 
in yellow fever. 

Experimental yellow-fever infection in monkeys leads to a febrile 
reaction which is not high during the early days of the illness, but 
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siibs(Ujiionily there is a sudden rise of temperature followed by a rapid 
fall and the animal dies in coma. In some there is an alternating rise 
and fall and in others a rapid crisis and death. Death may take place 
as (‘arly as the fourth or as late as the fifteenth day. 

Diagnosis. — Severe yellow fever may he confounded with bilious 
rcviiffrui fever, injeetious jaundice (Weil’s dise*ase), injective hepatitis, 
and blaekwaier fever, d’he diflicnilties of diagnosis on clinical grounds 
are often great, es})ecially early in an epidemic. ^Vllen several deatiis, 
])reced(‘d by fever and black vomit, have occurred within a limited area 
and in quick succession, a sus])icion of yellow fever becomes a certainty. 
Idi(‘re is no clinical f(!ature, so far as is known, which would distinguish a 
mild attack of yt‘llow hwer from an ordinary feljricula, nor any pathog- 
nomonic clinical sign that would absolutely distinguish a nialarial 
r(‘niittent from yellow fi'ver and from infectious jaundice. Demjuc is 
])rohahly one of the most difficult diseases to diffenaitiate from mild 
y(‘llow fever. The faci(‘S, orbital pains, and backache are similar to 
those of dengiK', hut the a])pearance of the charact(Tistic eru])tioji of the 
latt(*r disease on tlie fourth day should st'ttle the diagnosis in any 
doubtful isolat(‘d cas(‘. Trohahilities must he* weighed in diagnosis 
when it is based on clinical grounds alone. The only relia])le guides, 
as b(‘twe(*n malarial and ^adlow fmer, are the discovery of tlie malaria 
})arasite and the characteristic jugment and leucocytic variation in 
the one, and the determination of their absence in the other ; and, 
when cases come to the post-mortem table, the presence of pigment 
in the viscera in the fornar, and of extensive fatty degeneration of 
the liver-cells in the latter. Occasionally the tw^o diseases may coexist. 
Tlie presence of alhuininuria is of value in early and abortive cases. 
This is important in l^hiropeans, though albuminuria is of very common 
occurrence in West African natives from any cause. Usually peptones 
appear wdth the albumin in variable quantities according to the gravity 
of the illness. 

In addition to the diseases mentioned, there is great difficulty 
clinically in diagnosing yellow fever from Hift Valley fever, or, in its 
milder manifestations, from some forms of inlluenza. 

Jt must also be remembered that in adults common infective 
hepatitis may also occur in si*vere form, whih^ in addition unexplained 
outbrtviks of fever and jaundice, not due to the yellow-fever virus, 
have been described from Nigeria — “ Kukuruku disease ” (Beeuwdves, 
Walcott, and Kumm) — and from Colombia, South America (Bauer and 
Kerr). “ Diounde ”, described by Stefanopoulo as occurring in French 
West Africa, also bears many resemblances to yellow fever. These 
diseases have only been differentiated by failure to infect rhesus 
monkeys during the acute stage, and by the absence of immune bodies 
to yellow^ fever in the blood. In Uganda and the Belgian Congo a virus 
which produces encephalitis in mice has been isolated from patients 
suffering from fever and jaundice. This virus is not neutralized by 
yellow fever immune serum. In West African natives particularly 
24 
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jaundice and albuniinuria are coiimion aceonipaiiiuients of lobar 
pneumonia. 

lAihoratory diagnosis. — With modern advances in our knowledge of tiie 
aetiology of yellow fever, an increasing confidence is being engendered in 
its diagnosis. Within the first three days of illness yellow fever is readily 
transmitted by inoculation of the blood to rliesus monkeys which (lie after 
an interval of at least four to five days. Blood which has been key)t at the 
temperature of the ice-chest may retain its infectivity for several days. 
Direct inoculation of infected blood into the brains of mice gives rise to an 
encephalitis in from seven to fifteen days. For the diagnosis of recovered 
cases there is the monkey- or, preferably, the mouse-protection test 

In fiital cases yellow fever may be diagnosed post mortem from a histo- 
logical examination of the liver, the essential features being tlie fatty d(‘- 
generation, mid -zonal necrosis, infiltration witli mononuelt*ar cells, and the 
presence of Councilman lesions (hyaline bodies) and ac!ido])hilic intranuclear 
inclusions. It must, however, be remembered that there is no one feature 
in the liver which is specific for yellow fever. The employment by the 
International Health Division of the Rockefeller Foundation of an instruiiKuit 
known as a “ viseerotome ” enables portions of livi'r to be nmioved from a 
cadaver without undertaking a general post-mortem examination. An 
examination of the livers of all those who have died from acute disease has, 
in South America, enabled many unsus])eeted eases of yt^llow fever to lu' 
accuraU'ly diagnosed. 

Complement fixation . — Attempts have been made to discover souk^ simj)le 
test for yellow fever which would tend to obviate the nec(*ssity of the more 
elaborate protective tests in experimental animals. Davis, Frobisher and 
Hudson have made numerous experiments using, as an antigen, eitlu r plasma, 
serum or liver obtained from monkeys on the first or second day of fever. 
The concentration of complement-fixing bodies was found to reach its maxi- 
mum in monkeys after thirty to forty days, and they remain(*d in the circula- 
tion for a few months to more than one year. Only inconstant results were 
obtained with human serum. 

Prognosis and mortality. — Frolong(‘d initial rigors, algidity 
convulsions, suppression of urine, coma, lia*inorrliag(‘s, arc all 
unfavourable symptoms. The prognosis is good if the temperature 
during the initial fever does not exceed 108"" to lOS"" F. It is better 
for women (although, if pregnant, abortion is almost invariable) 
and children than for men ; better for old residents than for new- 
comers ; worst of all for the intemperate. According to a talde given 
by Sternberg of 2G9 carefully ob.served cases, there wer(‘ no deatlis 
in 44 in which the temperature did not rise over 108 ; in 22 castes 
in which the thermometer rose to over lOfF there wer(‘ no recoveries. 
The mean mortality in the whole 269 cases was 27*7 pcT cent. In 
some epidemics it has risen as high as 50 or even 80 per cent, of those 
attacked, but the foregoing may he taken as a fairly representative 
mortality in yellow fever among the unacclimatized — something 
between 25 and 80 per cent. Among the permanent inhabitants of 
the endemic districts the case-mortality is very much lower — 7 to 
10 per cent. During epidemics, abortive and ambulatory cases occur ; 
in these, icterus and other characteristic symptoms are often absent. 
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Such cases may ])e hard to diagnose from febricula or mild malarial 
ait acks. In them the mortality is nil. Some epidemics are particularly 
mild : in others the majority of the patients die. In the same 
epidemic the cases may vary in severity from time to time. In 
children the mortality is insignificant. 


Treatment 

ForiiKTly a much more active treatment than that in vogue at the 
present day was the fashion for yellow fever. It is now recognized 
that, as with most specific fevers, the tr(‘atment is more a matter of 
nursing than of drugs. Once in h(‘d, the patient should not be allowed 
to get up. As in the ease of other virus diseases the injection of 
inimuiH* s(Tum is valueless once the infection has liegun ; given during 
the incuhation j)eriod, however, it may prevent or at any rate decrease 
tlie sev(Tity of the dis(‘asf‘. Since the virus is efficiently neutralized 
hy the formation of iujinune serum by the fourth or fifth day after 
th(? ons(‘t of fever, it follows that death is caused by the destructive 
(dTect of mOaholic toxins on the liver, heart and kidneys. 

Experience lias shown that a smart purgative at the very onset 
of the disease is beneficial. With many, castor oil is the favourite 
drug, but to be of service it has to he given in very large doses — 2 oz. 
or m()i(‘. Others use calomel, or calomel combined with quinine. 
OIIkts, again, prefer a saline. 

Hot mustard jiediluvia, frequently repeated during the first 
tw('nty-four hours, the fuitient and bath being enveloped in a blanket, 
are much in fa\ our. They are said to ndieve the cerebral congestion 
and the int('ns(‘ lu'adacht'. \ ery hot baths, with subsequent blanketing 
and sina])isms to th(‘ e})igastrium, are said to have a similarly favourable 
iiitliu'uce on the coiig('stion of the stomach, which, is, undoubtedly, 
anotluT constant f(‘ature of the diseast*. For high fever, antipyretic 
drugs, cold baths, iced injections, cold sponging, and the like may be 
carefully (‘inployed. In view of the asthenic nature of the disease, 
th(‘ l(‘ss dej)r(‘ssing measures should be preferred. 

\'omiting may b(‘ treated with sinapisms and ice pills, or with 
small doses of (*oeaiiu‘. Morphia is dangerous and must be avoided. 
For black vomit, frtHjueiitly repeated doses of perchloride of iron, 
ergotint‘ injections, acetate of lead, and other styptics have been 
n'commended. Calcium lactate in large and repeated doses by mouth 
is ])robably of value in counteracting the excess of guanidine present 
in tlie blood. Tht‘ administration of glucose in the treatment of the 
hepatic conditions repr^^stuits a distinct advance, and Le Fanii reports 
g(»od results from this line of therapy originally suggested by Ihilfour. 
The glucose should be given in drachm doses by the mouth whenever 
feasibl(‘, or, wluai nausea is present, in 5-per-cent, solution intravenously 
(10 oz.), wliile injections of 5 units of insulin improve its assimilation. 
For restlessness, phenacetin or antipyrin is used. When the skin is 
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the uriiK' scanty, and the loins ache exc(^ssiv^ely, SternlxTg 
recommend s pilocar pi ne. 

After the fourth or fifth day the flagging circulation demands 
stimulants of some sort. Iced champagne, hock, or teas])()onful 
doses of brandy given every half-hour may tide the palh'iit 
over the period of collay)se. Great care, Iiowomt, should Ix^ 
exercised in the use of these thiiigs ; if tliey seem to increas(' the 
vomiting and tlu' irritability of tla? st(uuach they must be stopj)ed 
at once. 

Free ingestion of water tends to obviate the failure of renal function, 
which is the usual form of death. 

The feeding is an important matter. So long as there is h^ver 
the y)atient has no appetite: during this time- that is, for the first 
two or three days— he is bettiT without food. When the f(‘ver sub- 
sides appt'tite may return, and a craving fur nourishment lun'ornes 
more or less urgent : the gnaitest care, howt‘ver, must be extTcised 
about gratifying this untimely ajipetite. Only the blandest foods, 
and these only in very small quantities, should be allowed such as 
s|)oonfuls of albumin water, barley wattT, iced milk or chicken t(‘a. 
Gradually the (piantities may be increased ; but, ('veii wlicai con- 
valescence is establish('d, solid food must be ])artalu*n of \ erv sparingly, 
and it must be of the* simpk^st and most digestibk* dt'Seription. indis- 
cretion in eating is a fruitful cause of rela])se in yillow fever : and it 
must be borne in mind that in this disease ridajise is exceedingly 
dangerous. Nutrition may be aided by nutrient enemata. Any 
slight exertion which may cause a rise in bloud-pri'ssure may be fatal. 
It is possible, too, that stimulation of the circulation incident to the 
taking of food may explain the dangers of altering food during the 
early stages. 

The Sternberg ireatment is directed principally to counteracting 
the hyperacidity of the gastric and intestinal contents -always a 
marked feature of yellow fever. The j)rescri})tion is 150 gr. of sodium 
bicarbonate and ^ gr. of m(*rcury ])erchloride in a (juart of water ; 
of this H oz. is given every liour. 

Any suspected cas(‘ of yellow fever should be nursed under a 
mosquito-net day and night, and j)ref(Tably in a mosquito-proof roojn. 

Prophylaxis. — It is the duty of sanitary authorith's iij (ro})ical 
countries to free from mosquitoes the areas over which they have 
charge, so far as possible. Although compkite destruction is not 
to be expected, relative extermination of mosephtoes is worth 
attempting, and certainly much can be attained in this direction 
by the vigorous use of the now well-known measures. In Havana, 
by such means, in a very few months the number of mosquitoes was 
reduced 90 per cent., with a corresponding gain to the community 
in the diminution of mosquito-conveyed dis('ase. The sanies hap})ened 
in Panama, Kio and elsewliere. Bio de Janeiro has now been completely 
freed from mosquitoes. 
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All water-tanks, gutters, and cisterns must be effectually screened 
against A 'edes mgypti by fine-niesbed metallic gauze ; all puddles and 
stagnant water must be al)olisli(jd and all boles in trees should be closed 
or the trees felled ; all cas(;s of any kind of fever, no matter how mild 
they may be, or what their nature, must be reported at once to the 
central sanitary authorities, who should have full powers promptly 
to screen or otherwise deal with them and the houses in which they 
originated. The general use of mosquito-nets must be insisted upon. 
Adult mosquitoes should be destroyed by swatting and the sprinkling 
of insecticides. The chief substance used in destroying adult aedes 
in buildings is Flit, which is a mixture of pyrethrum, xylol, cresol, 
and methyl salicylate in })arafiin. A mixture of carbon tetrachloride 
7 per cent, with methyl salicylate 3 per cent, is also recommended. 

Any delay in n?cogmzing the earliest cas(*s of a threatened e{)ideniic 
is, as shown by experi(*nce in Nt;w Orleans, most dangf*rous, leading, 
as it may, to the rapid multiplication of infect cal centres. 

Ships should not be allowed to clear from infected ports, nor to 
(*nt(‘r non-infected ])orts, during the warm season, without adecjuatt? 
inspection. The regulations of the International Aerial Convention 
should be enforced. 

Airvrajt . — In future it may be necessary, in view of the increasing 
facilities of air travel, to immunize all those ])roceeding from an endemic 
to a non-endemic area. Jt has been recommended by the International 
Sanitary Commission for Aerial Navigation that the measures for 
preventing its spread by aerial traffic should be taken primarily Ijefore 
d('j)arture from an^as when' the diseases exists and oidy secondarily 
at ports of arrival. j\Ieasures to be taken before departure include 
the re(|uirein('nts that crews and passengers shall be free from any 
risk of infection during six days before embarkation and that the 
aircraft and cargo shall be free from the possibility of conveying 
mos(]uit()('S. ^b'thods of fumigation of aircraft and extermination of 
mos(|uitoes ha\'e be(*n dt'vised by Park lloss. There are several 
consi(h'rations which should inodity the tendtaicy to alarmist views of 
the dang(‘r of iin])orting the yellow-fever virus to Eastern countries 
such as India or China, whi're the disease is so far unknown, but where 
climatic and hygienic conditions are favourable to its spread. One of 
tht‘S(' is th(‘ ('ast* with which aerodromes can be kept free from yellow- 
fc*\ ('r mos(]uitoes, as wc'll as the (‘ase and rapidit}^ with which aircraft 
can bt' cleans(‘d of these insects. 

In the United States it has been provt'd conclusively that Aedes 
evgypti can bc' carric'd by aircraft for long distances, and the necessity 
of destroying tlu'se ins('cts is insisted upon in all aeroplanes dying in 
tropical countries. Eitlu'r fumigants or a sjiray may be used ; among 
the former certain pre])arations of liydrocyanic acid give the best 
results, and the use of “ discoids ” (discs of unglazed paper soaked with 
li(}uid HCN) or Zyklon (fuller’s earth impregnated) is recommended. 
Tiny cannot, however, be used when passengers are already in th(' 
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’piano. As either fumigant or spray it can bo omf)loyed easily and 
without danger by a skilful fuinigator. Half a,n ounci^ of HCN p(‘r 
1,000 oil. ft. may bo regarded as tin? maximal doS(* for tb(‘ killing of 
mosquitoes. ^Jdio most eiricient s])rays an* those containing a good 
extract of pyretbrin, except that pyretbrins produce^ a heeling of naus(*a, 
in many persons. A concentrat(‘d (‘xtract is known as I'yrocide 40, 
but it is ('xtremely dangerous and its use in Imperial Airways macbiiu*s 
has now ceased. Owing to its high concentration of carbon t(‘tra- 
cbloride it is liable to jiroduce necrosis of tin* liv(‘r and cirrhosis, and 
has done so in rats and monkeys under exp(*rim(Mjtal conditions. 
“ Deskito,” pyretbrins in glucose, is non-toxic and is now being 
employed : it requires dilution befon* use. A 1 : 80 dilution of l)(‘skito 
in water is employed, 150 c.c. for (‘acb 100 cu. ft. lading iH*C(‘Ssarv. 
The ins(*cticide is allowial to act for liftcHUi minutes. 

In addition to transport by aeroplam*, tb(*n‘ is daiigi'r that with 
increased motor traffic and better road communications infecti'd 
persons will be able to travel from end(*mic to non-endemic areas in a 
time well within the incubation ])eriod of tla^ disease. TIk^ r(*gulation 
of all motor traffic from endemic to non-i'iidi'niie aiaais has, tli(T<dore. 
to be carefully considen'd. 

Should the dist^ase a])])ear in a locality which is not. habitually 
a yellow-fever centre, and of which the population is small, an cjcono- 
niical plan of dealing with the threatened dang(‘r is for the authorities 
promptly to remove the entire population of the neighbourhood, 
with the exception of the insusceptible and those in attendance on 
the sick, and to place the deported population, before disjiersion, in 
a thirteen days’ quarantine camp. 

Prophylactic imviunization may also be carried out on tlu* whole* 
population of an endemic zone of tlie disease, and would (‘fleet ually 
check the spread of the epidemic. Ih^cently tin* majority of the 
European population of the Gambia waTe thus immunized, and the 
method is now^ being extensively employed in W(‘st, Africa and in 
South America., notably Brazil. 

In tlie event of yellow fewer breaking out in the crew of a, man- 
of-war, the cases, if possible, should be sent ashore*, and the ship hurried 
north or south into cold w^eather, any mosquitoes Avhich may ha\ e 
found their w^ay on board bedng at once destroyed. 

In the (;ase of the appearance t)f yellow fever in a large town, the 
method which was so successfully emplejyed by the late Surgeon- 
General Gorgas must be adopted. Funds and authority must lie 
obtained at once. An efficient and adeiquate sanitary staff must be 
promptly organized and instructeid in tlieir dutie'S. ('as(‘S of every 
kind of fever, as well as cases of yellow fever, should be^ immediate*ly 
reported, and the patients jiromptly protected from mosquito-bite 
by wire screens. At the same time the systennatic de^st ruction of 
mosquite^es in th(?ir br(*eding-places and in the* patieaits’ and neigh- 
bouring houses must be rigidly enforced. The infected houses should 
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be carefully s(^'il(K] up by pasting paper over all the doors, windows, 
\’eiitilators, cbiinneys, and cracks, and the fumes of pyrethrum or 
of burning sulphur — 2 lb. per 1, ()()() cubic feet of space — or other 
insecticide (*ni])l()yi‘d to stupefy the insects, which should afterwards 
be sw(*pt up and burned. A viscerotoiny service should be introduced. 

WVre it possib](* to iniinuniz(; the wljole population of the endemic 
areas in Africa and South America, and could this immunity be main- 
taiiKui for one y(‘ar, the cfiain of infection would be broken and the 
disease tinally (‘radicated. 

Prophylactic inoculation was originated in America by Sawyer, 
Kitclu'ii ajid fjloyd (1932). who (miployed tlu* neurotropic variant of 
tile Fr(‘nch strain of yellow-fever virus. The pati(‘nt was first given 
an inj(‘C(ion of y(*llow-f(n'er immune serum (0*5 c.c. per kilo, of body 
wriglit), and two hours later the virus in a filter(*d suspiaision in mouse 
brain was inj(‘ct(‘(l subcutaneously. Similar methods were emjiloyed 
in London, some 2,000 ])orsons being immunized by this technique. 
In the Fri'iich \\'(‘st African colonit*s, Laigret injectial the neurotropic 
^■irus alone or mix(‘d with egg-yolk or bile, immune serum being omitted. 
S('V(T(‘ immediate rc'actions wen* by no mt^ans uncommon, while a 
numl)(‘r of individuals develojied nervous lesions characteristic of 
nieningo-i'iicephalo-myelitis. 

At till* ])res(‘nt tinu* in England and America the attenuated 
])(infr()f)ic virus is employed for immunization purjioses. The virus is 
grown in a nK'dium containing inactivated normal human stTum and 
Tvrod(‘ solution, in whicdi a small (juantity ((f niinc(‘d chick-embryo 
tissiK* is susp(‘nd(‘d. After growth at 87' F., tin* virus is inoculated 
into «‘ggs containing eight- to nin(‘-day-old embryos for four days. 
Tb(‘ embryos an* n'lnoved and ground up in normal inactivated human 
serum. At tirst tlu* virus inoculum was combined with human immune 
y(*llow-f(*V(‘r s(‘rum, but for the past three years, owing to the 
attenuation of tlu^ virus, tlu* immune serum has been dropped. In 
Frazil more than a million persons have been immunized, mass 
inoculation having b(‘(‘n carried out under field conditions. In England 
inore than 7,000 (lov(*rnment officials and others proceeding to West 
Africa liawe been immunized, and all Europeans going to countries 
wluTe yellow iever is (‘ndc'inic. 

Ih'action following inoculation with the att(‘nuatt‘d pantropic virus 
is (‘ither ('ntir(‘ly lacking, or consists nu*ri*ly of slight headache and 
backacb(‘, lasting for about fort^'-idght hours. Th(‘ only difficulty 
attendant on tlu* inoculations lias bt‘(‘n the occurrence of 95 cases of 
jaun(lic(( in a s(‘ries of 3,100 inoculations. Tlie symptoms, which 
app(‘ared in from 2 to 7^ months after inoculation, r(*sembled in every 
way those caus(*d by inh‘ctive hejiatitis. The explanation appeared to 
be that an extraneous hepatotoxic agent, almost certainly the virus of 
inf(*ctive hepatitis (Findlay, MacCallum and Murgatroyd) had gained 
entranc(( to the tissue culture of y(‘llow-fever virus. With a change in 
the strain of virus, this coinjilicatioii has now been entirely avoided. 
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After iininiinizatioii with the pantropic virus, iiiiimiiH^ bodies he^un 
to appear in the serum about the twelfth to fourteenth day, and nrv 
readily detectable by the twenty-first day. Th(‘ duration of immunity 
to yellow fever following immunization is as yet imknown. In many 
persons immuiK' bodies are detectable seven or more y(‘ars aft(T inocula- 
tion by the mouse-protection tc^st. In a few, no serum immun(‘ 
bodies can be found six to twtdve months aftnr immunization, llein- 
ociilation of such individuals is follow<‘d by a rapid rise in immune 
body titn‘, ])y a compbde absence of reaction, and by failure to 
demonstrate circulating virus in tlu^ blood-stri'am. It is aalvisabb- that 
the blood of immunized })ersons should Ix' li'stc'd ev('ry two to thre(‘ 
years, and those who no longcT show circulating ininiiUK* Ixxlies should 
bo reinoculated. Aedes mos({uit(a‘S ar(* unabh* to take up virus from 
the blood after immunizatioTu so tiiat tlu'n* is no r(*ason why inocula- 
tions should not b(' carri(‘d out in anxis where mos(juito(‘S an* pn‘sent. 

“ liKi) Fkvf:k” of tiif ( oncjo 

Hed Fever of the ('011^0.“ Hakaiidjia,” u disease which was thcuiuht to Im- yellow fever (in 
aeeoiint of siniilaritv of tlie syniptnins, luis been sh(twu hy Findlay not to he yellow fever as 
thouj^ht hy (’lapier and also hy Lefrou at l>ra/./.avilh' in I hL*S and called hy him 

‘ l^^icvre ro'jg(‘ conj^olaise.” It more resemhles dengue than yelhtw ft'ver. 
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RIFT VALLEY FEVER 
Synonym . — Eiiziiot ic hepatitis. 

Definition. — An epidemic disease of sheep and cattle in Kenya, 
caused by a lilterahle virus which is transmissible under certain cir- 
cumstances to man. The best account of this disease is by G. M. 
Findlay, in 1982. 

History. — Hitt Valley fever was first described by Daubney, Hudson, 
and Ganiham in Kenya in 1931; possibly the same disf^aso was observed 
by Montgomery in 1913. 

In 1912 a mortality-rate of 90 per cent, was recorded among the lambs 
born at the Government Farm, Xaivasha (at an altitude of 5,500-6,000 feet), 
whil(' other farms in the Rift Valley also suffered. In July, 1930, another 
similar outbreak occurred UTUongst the ewes and newly-born lambs, accounting 
for 3,6(K) of the latter, and 1,2(K) of the former in seven weeks. A high rate 
of abortion o(*curred. Focal necrosis of tlie liver was the chief pathological 
lesion at auto{)sy. During the course of the investigation, when the filterable 
virus wtis discovered, all four EuroiH*ans there employed developed a dengue- 
like fever with rigors and backache, whilst every native w ho had been engaged 
in herding these sheep had been ill for four days with fever and severe pains. 
A native volunteer was subsecpiently inoculated with the filtered virus and 
reacted with an acute attack of fever on the third day after inoculation ; 
his blood was found to be infective to sheep for nine days afterwards. In 
addition to sheep and goats, cattle were found susceptible and a natural 
outbreak occurred in these animals at a farm sixty miles distant from the 
original outbreak. 

The virus in blood, ])reserved in oxalate-carbol-glycerin, w^as brought to 
England by Daubney in 1932, was inoculattHi into lambs by Dalling and 
found to be as active as in Kenya, with the result that this investigator and 
his assistant. Hart, soon developed the same dengue-like train of symptoms. 
Subsequently other laboratory technicians have become infected. 

^Etiology. — Idle virus occurs in the blood and appears to be present 
in the plasma and attached to the blood-cells ; it is found in the blood, liver, 
spleen, and other internal organs, but not in the urine. The virus may pass 
through the placenta of pregnant animals and infect the foetal tissues. The 
size of the virus ])articles has been estimated by Broom and Findlay to be 
betw ecn 23 and 35 rn fi. When present in j)lasma, or suspended in j)hysio- 
logical saline at pH 7-2, the virus can pass through Berkefeld N.Vk and W. 
candles, as well as through Chamberland Lg and L., candles, without any 
loss in virulence. Blood preserved in oxalate-carbol-glyct'rin has retained its 
virulence for mice when preserved in the ice-chest at 4” C. for eight months. 
As in the case of yellow fever, the virus of Rift Valley fever is sensitive to 
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the hydreocii-ioii (onceritraiioii of the fluid; at pW 8 0 it is destroyed. 
Mackenzie (1933) has now succeeded in (udtivating the virus without loss 
of titre in a nu'diuni of oliiek embryo and Tyrodc’s solution. The character 
of the virus nunains unaltt*red. It can also be grown on the chorio allantoic 
nuunbraiu' of th(‘ di'veloping chick embryo. 

Mack('nzi(‘ and Findlay, by re]H'ated intraeen'bral passage* in mice which 
had previously rc'ceived in tra peritoneal injections of inimuiu* scTum, luive 
succe(*ded in producing a neurotropic strain of the virus which causes an 
acute m('ningo-(‘n(*('})halo-niyelitis in mice but little* or ne) necre)sis of the 
liver. Similarly, in mejnke*ys and lambs, a fatal enc(‘])hale)-myelitis fe)llows 
intracerebral injectiem. 

A])art freim the sust*e])tibilitv eif slmep, lambs, anel goats, the ]mthe)ge‘nicity' 
of the virus for man and monkeys {Macacn) and many small rodents (mice, 
field-mice, wx)od-mice, hamsters, dormice, and rats) is noticeable. Mice 
succumb in two to four days. Cats appear to be slightly susce*ptible. Inelian 
and South American monkeys of the ge*nera Mumca, Jlapdlr anel Cebus, are 
relatively susceptible, but Afrie*an memke*ys of the* genera ('crcopithf.cus anel 
Cercorchii.s are relatively insusceptible, and de) neit suffe*r from any febrile 
reactiein. Local East African rodents have be*en fbunel hy J)aubne*y anel 
Hudse)n to be highly susceptible to this vi»us, anel probably play a part in its 
dissemination. These are Arvicanthi.s abyss inicus, Mastoniys rourha, and 
Bh a bd 07 n ys p u il io . 

Using a mouse-protection test seunewhat similar te) that used in yellow' 
feve'r, Findlay, Stefaneipoulo anel Mae*C'allum have fbunel that immune bodi(*s 
can be detected in the blood of natives from the Auba Meiuntains in southern 
Anglo-Egyptian Sudan, northern Uganda, and French kkpiatorial Africa ; 
no immune bodies were^ fbunel in blooeis freem West. Afrie-a. 

Duration of infectivity. In suscejitible* animals the* infection can be* 
transmitted by subcutaneous, intrajieritemeal, intratesticular. or in tra cere* bra I 
iiK)e*ulatiejn, by applieation te) the scarifu*ei skin, e)r by instillatie)n into tlu^ 
nare*s or conjunctival sac. 

In human cases which have been U*ste*el, the virus can be* dememstrat^'d 
in the bleiod for six days after the first rise of temperature*, or nine elays afte;r 
the inoculation. 

As in the case of yelleiw' fever, it is pre)bable that the a]>j)arent disap])ear- 
ance e)f virus from the ble)e)d and tissues is eliie, not te) the* el(*ath e)f the virus 
itself, but to its neutralization in the presence e)f immune* be)elie*s. 

Pathology. — The ])athole>gical erhange‘S in animals consist of a fbcal 
necrosis e)f the.* live*r. These foci may be eliscrete*, as in shee*p or goats, or 
may e*e)alesce se) as to involve the whejle live*!', as in young laiiibs, and in 
mie*e*, rats, anel either reieleuits. The* histological e*hanges e*e)nsist e*f an in- 
filtration with mononuclear anel jieilymorpheinuclear cells, anel a hyaline 
degeneration of the cytoplasm eif the liver e;ells (Councilman lesieins). In 
the livers eif infected mie*e, aeudeiphilic intranuclear irmlusions (eir intranue;le*ar 
bodies) have been found, b\' Findlay, as in many either filUuable virus diseases, 
and similar bodies have been described by Daubney anel Hudson in the livers 
of ex])erimentally-infecteel sheep in Kenya. 'J'hei nucle*ar changes in the 
affee*ted e*ells are of the tyjie known as “ oxychromatic eleigeneratiein.” 

Symptoms. — In those eases w hicli have been observed in man, the incuba- 
tion period varied freim feiur anel a half to six days. At the commenc.*ement 
of the fever a feeling of nausea and a sensation of fullness in the hepatic 
region is experienced, anel this is followed by violent heaelae;hes, jiain in the 
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back, ri^orp, and general malaise. The face is flushed, and there is jihoto- 
})hobia without, however, any marked conjunctival congestion. The tongue 
is thickly coated and cjiistaxis usually occurs. Bone pains are confined to 
th(‘ shoulders, back, and legs. The tempr^rature varies between IbP and 
102 ' F. On th(; fourth day of the fever the temperature falls to normal, 
a(H!ompanicd by profuse sweating ; a post-febrile wcakni^ss and a tendimoy 
to swiNiting on the h'ast (‘X(*rtion nmiain. The bowels are usually constipated 
and tlu' uriiK^ is deep yellow in colour. There appears to he an initial slight 
kuicocytosis, followed on the third and fourth days by a didinite leucojxuiia, 
which ])(‘rsists into convalesceru'e. 

OiH* human case has been recorded in which the fever lasted for ten days, 
ranging from 1(H'^-1()3' F.. and showed a regular saddle-back character, 
'fhe virus of Fift Valley feviT thus produces in man a disease resembling in 
many respecds dcngui' and phlebotonius fev(*rs. In oiu' instanci* tiirce febrih* 
attacks of (h'creasing sev(‘rity wen* noted. One fatal infection in man has 
b(‘en ri'corded by Schwcrit k<*r and Fivers (1934) from tin* Fockefellcr Institute, 
New York. 4'his occurnal in one of the memb(*rs of tlu' staff who had been 
working with the virus. Although the course of the illness was otlierwisi* 
typical, it was com])licat<‘d by thrombo-phl(‘bitis — a condition not previously 
descrilx'd in assoeijition with this disea.se -and death was due to a pulmonary 
embolus. In the (airly stage's the virus waas pre.sent in the patii'nt’s blood 
and was pathog(‘nic to mice*. Death occurrcal on the forty-fifth day of the 
illness. 

Immunity." An immunity can be e*stablishe‘d in infecte*d monkeys and 
it has been shown that the'v cannot be* n'infee'teei with massive doses of the 
virus for at least six months. In man immunity is pre'se'iit for at least seven 
ye airs. 

Diagnosis. The* virus of Fift Valle*y fever is distinguish(*d fnmi that of 
yellow feve‘r by its ])athoge‘nieitv on intra|)e‘ritoneal injection for small 
rexie'nts (mice* and rats), and by the fact that monke'vs {Macaca) immune to 
ye'llow fever are late*r susccjitilile to infection with the virus of Fift \billey 
fev(‘r. Human ( ases have also oe*curr(*d in pe*rse)ns known to have suffered 
from yellow fe'ver. 'TIh* serum e>f receivered cases gives a specific (‘ompk'ment- 
lixation redaction, anel contains immune bodies which neutralize the virus 
when s(‘rum and virus are* inoculaU*d into mice, 'riu're* is no relationship w ith 
(h'ngue*, ])hk‘botomus fever, or p.sittace>sia. 

Treatment. In human cases, ticatment by injection of immune serum 
has b(‘en attemj)t(‘d by Findlay, though it is not jiossible to estimate the 
result. In view of th(* toxic action on the liver, glucose* should b(^ given 
by mouth. 

Prophylaxis. Fvidently in the midst of a sheep epidemic human 
beings are themselves very susceptiblo to infection. There is some evidence 
to show* that in the Xaivasha district of Kenya, a mi^squito -Munsonia 
fuficopeunatd — may be re.sponsible for the transmis.sion of the virus, whilst 
Daubney and Hudson now report that it is possible to convey the di.sease by 
inoculation of the body-conU‘nts of other mosquitix's, such as J/. versicolor 
and M. micron unnlata. Tlu^ neurotropic virus may be of value in immunizing 
sheej) and cattle, since on sub(*utan(‘ous injection it causes almost no reaction. 
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PSITTACOSIS 

Definition. — A disease of parrots, coininunienbh' to man, and occurring 
naturally in finches and other birds. 

History. — The first definitely recognized epidemic of psittacosis occurred 
in Ulster in Switzerland in 1879, and there were seven cases with three deaths 
in the house of Dr. Ritter, \\here there were sit-kly ])arrots and some other 
birds. In 1882 there was a further small outbreak in Berne. In 1892 a 
large outbreak occurred in Paris, in which successive eases of ])neumonia 
coincided with an importation of parrots from Buenos Aires, dlie homes 
of the two men who had imported the parrots became foci of human infection, 
one giving rise to 22 cases and 6 deaths, the other to 25 cases with 7 deaths. 
Dujardin Beaumetz reported that the human cases resembled infiuenzaJ 
broncho-pneumonia. Subsequently other fatal cavses oc(*urred in which the 
association with sick parrots was obvious, and Nocard isolat<*d a bacillus 
allied to the paratyphoid grouj) which was thought to be the ;vtiolv)gical 
agent of the disease. The Paris outbreaks smouldered on till 1897 when a 
somewhat limited one occurred in Italy, which was again traced to importation 
of Amazon parrots from Buenos Aires. 

The first big outbreak of psittacosis occurred in (Germany, in (kdogne, in 
1898, in which there was a distinct asso(dation with diseased j)arrots. Tlie 
disease has also been met with in the United States since 1904. In 1917 an 
epidemic occurred in Pennsylvania in a store in which a nundx'r of sick 
parrots were kept. In England, ])rior to th<5 e{)idemi(r of 1929 .40, oniy six 
cases had been reported. It was in the course of this epidcunic that the 
erroneous hypothesis of a Salmonella infection was abandt)!ied and the tr ue 
aetiology as a “ filterabk' virus ” established by Ikalson, WcsOtu, and bevy 
Simpson. An epidemi<; among the personiud t>f thf; London Zoological 
Gardens in 1938, which resulted in five (;aaes and one dr^ath, was due to the 
importation of jrarrots from the New World. 

Epidemiology. — The recent outbreaks of jisittacosis were at urie time 
thought to have all arisen in Brazil, but no human eases have freen o-j)ort(*d 
in that country. 

There is no evidence that epizootics of this disease occur under natural 
conditions amongst the parrots in the forests of Brazil, but v\ hen these 
Amazon parrots, espe(;ially Airmzonu (rMiva, arc; in cajrtivity and a.i'c‘ trans- 
})orted under grossly insanitary conditions to Euro]H“, the disease aris(‘s and 
is able to spread. 

A greater mortality from this disease occurs during the; cold weather, as 
found by Gordon in budgc;rigar8 experimentally inoculatc'd with {)sittacosis 
virus. The symptoms of psittacosis in birds are those of an acute; inie;e*tion. 
The infected bird sits listle^ssly, with ruffled and dirty plumage ; it suffers 
from diarrhoea and there is usually a discharge from the eyes and nostrils, 
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R(‘( ciitl y, however, this problem has been further complicated by the discovery 
of the virus in apparently healthy birds in California and in Australia, by 
Bedson, Meyer and others. When they are killed they are found to have 
enlarged s})lt‘ens containing the virus. 

ddie source of infection is usually the Amazon parrot, though grey African 
parrots have b(‘en tlie apparent cause in some of the British cases. In 
Australia a numluT of parrots caught in New South Wales have been found 
infected, while in th(‘ Nortlau'n Territory the Gouldian finch {Polphilu gouldicp) 
and the long-tail finch (B. aciiticauda) carry the virus. The Bengalese finch, 
a cross IxTweiui Aidcmosync, malaharim and Urolonrha striata, imported from 
(diina, is also a carrier, as are the siskin and crossbill. Among the Ploceidce 
llie Java sparrow may show infection. 

IV)ssibly canaries, blackbirds and thrushes may occasionally act as carriers, 
and a disease resembling ])sittacosis has occurred in the Faroe Islands, where 
appan*ntly it is pro})agated by the fulmar jx’trel, Fulniarus glacialis (Haagen 
and Maiu'r). 

Fari’ots may remain in a subacute infectious condition for sev^eral years. 
Itirect infection from man to man has been noted, and in one of the Fnglisli 
outbn‘aks the doctor in attendance contracted this disease from his patient. 
House e])idemics, too, are appanmtly not uncommon, particularh^ in \denna, 
and, according to (eulach, human beings may act as virus carriers after 
inaj)pan‘nt infections. 

An irdVctivc ])ulmonary condition with a general typhoidal picture 
occurring in definite groups should suggest tht^ ])rt)bable diagnosis of psittacosis. 

^Etiology. Th(‘ virus nature of psittacosis was worked out by Bedsf)n 
and Western on tht' l)udgfTigar ( M ftopsitt/tcus undulntus), in which bird the 
dis('ase is higlily contagious. The viiais can be transmitted by citrated 
blood or (‘inulsions of liver or spleen. The blood contains the virus in the 
(‘ariy stages of th(‘ disi'ase and as long as the tenth day. Besides parrots 
and parakeets, hens are susceptible to the virus. Miee are susce})tible to 
exjHTimental infection by intraperitoneal inoculation and on intracerebral 
injection develop an encephalitis. Tlu'Se animals become acutely ill three 
or four days after inj(‘ction and die of septicamiia with enlargement of the 
sj)Icen. 

The virus of ])sittacosis will pass Ghamberland’s L^, Lg Seitz EK 

filters. The size of tlie virus is 23 35 tup. The amount inoculated into 
mice is 0-5 c.c. intra})eriton(‘ally. Babbits and guinea-pigs are susceptible 
to intrat'crebral inoculation (Rivers and Berry), as is also the Tasmanian 
d(‘vil {Sarrophihis ursinys). The virulenee of the virus is increased by 
passage* through mice, and an intracerebral inoculation reveals a definite 
iH'urotropic tend(‘ncy (Gordon). The* virus of psittacosis inoculatexi intra- 
tracheally or intranasally in monkeys produces a pneumonia similar to that 
('aused by the same active agent in man (Rivers and Berry). 

In ])arrots which have succumbed to a fatal dose of the virus, minute 
bodies have be(*n described in the endothelial leucocytes in and near focal 
lesions. These Gram -negative bacillary bodies have also been found in 
human tissues and have been described by l^evinthal. Coles, and Lillie as 
Eickrttsia ])sittaci. The forms described in the early stages of infections of 
tlie mouse with psittacosis are developmental stages of the virus, which, 
according to Bedson and Bland has a complicated life-cycle reminiscent of 
certain of the j)rotozoa. These virus bodies can \)o readily demonstrated by 
Giemsa's and CVistaneda’s stains. 

Pathology. — The pathology of psittacosis in the parrot has been 
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described by Lillie. A fibrinous or purulent pericarditis is produced with 
pericardial haemorrhages. The liver is usually enlarged and studded with 
white foci of necrosis with red areolae. On microscopic section this organ 
showed coagulation necrosis with oxyphil, pyknotic, karyolytic liver cells. 
Marked proliferation of the Kiipfier cells was noted and focal infiltration by 
plasma cells and macrophages laden with fat. 

Auto])sy findings in man are those of a general septicaemia with in- 
flammatory condition of the lungs. The spleen is normally enlarged and 
soft with semi-diflluent pulp. The most striking changes are found in the 
lungs, which exhibit a peculiar hiemorrhagic vesicular pneumonia, comydicaUal 
by pulmonary thrombosis and a mucopurulent bronchitis in which bacteria 
are numerous. In the microsco])ic pathology one of the most striking featun^s 
of psittacosis-pneumonia is the variation in tyjje of the alveolar conb'iits, 
often within the same microscopic field. Soim* alveoli contain serum alone ; 
some S(Tum and red corpuscles, and some haicocyb's, macrophage cells and 
alveolar epithelium. An interstitial cellular infiltration has been noted in 
lialf the reported c'ases. 

The lung changes were at first thought t(» res(‘mble those* of inf!u(‘nzal 
broncho-pneumonia, but tlu'V are now' recognized as being of a distinct tvjx*. 
In psittacosis the* consc^lidation is of a lobar t\'pc with abundant fibrin 
formation throughout the aff(‘cted areas, there is ])ractically no polymorj>h 
reaction, and luemorrhages occur only in relatiori to the more severely damaged 
areas of the lung. The bronchioles are involv(‘(l with the* rest, of the* lung 
substance. In influenza the process is esse'iitially a broncho-juieumonia and 
the lung is nodular in consistency. In the brain a conditi(^>n known as 
cerebral jmrjjura ” is not uncommon, masses of r(*d c('lls escaping by 
diapedesis from the capil]ari(*s, the walls of which remain intact. 

Symptoms.- Psittacosis in man is a severe illness with a high mortality 
(about 20 per cent.). All agc*s and both sexes are affected. The duration 
of the disease is two to three weeks. Convalesceiua* is protracted and Ualious 
and may be interrupted by t(*mf)orarv relajises or by femoral-v(*in thrombosis. 

During the first w(‘(‘k the patk'ut may feel com])arativt‘Iy w(*ll, in spiti* 
of high ])yi'exia : the early sym))toms are e})istaxis and gen(*ralizcd pains. 
Towards tla* end of the week tin* whole as[H*ct becoiiK's more severe ; tla* 
])ati(‘nt suffers liom ])rofound exhaustion ajid t(*nds to Im/couk* scannok'iit 
and intermittently irritaljk* ; there is usually a tioublesome ])aroxysmaI 
cough, which })(‘rsists to the s(‘C(uid week. Scatt(‘ied signs of consolidation, 
which may evcaitually involve the* great(*r part of the lung, l)(*come a])parent. 
Constipation now b(‘comes manifest and gives rise* to U'nesmus and abdominal 
discomfort. During the second week a state of semi-coma with muttering 
delirium sets in to such an extent that the patient’s life is despair'd of, but 
when things are at their worst, the temjierature begins to fall by lysis, and in 
a few days th(' jiatient gradually shows signs f)f improv(*ment. 

Although the illness is usuall^^ severe, yet mild and even ambulatory 
cases have been n'corded. 'fhe incubation jieriod a})t)(*ars to be about eight 
to ten days but may extend to sixteen days. In inan-to-man infections it is 
usually about four days. Pyrexia is usually of the ty])hoid type*, and occurs 
in all cases ; some cases have a gradual rise of temi)erature of the “ ste])- 
ladder ” variety. 

Epistaxis occurs as an early symptom, usually on the first day. Sometimes 
it is noted as late as the eleventh to fourteenth day. Headache is a constant 
feature of the disease. Chills and rigors usually occur and w ith the latter a 
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temperature of 104'' F. has been noted. Generalized influenza-like pains are 
tlie rule. Fhe throat is usually sore and congested and in a few eases the 
tongue is swollen and sore in the condition known as “ j)oribuecal (Xidema.” 
The lungs are involved in almost every case, with a cough of varying intensity, 
but t hi‘ sf)utum is S(;anty, and it may be rusty, c haracteristic of lobar pneu- 
monia. Fhc* physical signs in the lungs vary considerably. A relative 
hrachyc‘ardia is the characiteristic feature of the cardiovascular systcun. 
Ilien with a temjHTature of KKF F. the pulse is about 90 and this feature 
adds to th(‘ typhoidal-like character of the diseasci — indecal the typhoid state 
is common in all the more severe cases. Photophobia is c;omplained of and, 
towards the- lattcT part of the first week most patients become definitely 
kdFargic with stuporose appearance, sluggish speech, and blunted mentality. 

Pose spots ” or similar skin lesions have been noted in nine British 
c-asc's, and wcu’c^ obscTved at varying jjcriods from about the seventh to tlic‘ 
thirteenth days. Tlic^ spots were on the chest and abdomen, more rarely 
on the back, measurcal 2 4 mm. in diameter, and definitely faded on pre.ssure. 
Parotitis has beam noted twice. The blood-picture in characteristic psittacosis 
of man is not markcally altered. Ambulatory cases frecjuently occur and 
may be* the ])relude to a fatal relajise. 

Diagnosis. On clinical grounds the diagnosis of jisittacosis is not easy, 
as it has many features in common with ty^ioid. The gastro-intestinal 
symptoms ma\’ rc'scmble those of that disease*, but perforation and luemorrhage 
never ocaair. 'fhe spkari is usually jialpable in typhoid, but in only two out 
of SO cases of psittacosis has it bevn jialpable. With influenza, too, it has 
many features in common. Blcxxi-cultures and agglutination reactions are 
complc‘t<*ly negative in ])sittac*osis and inoculations of blood or sputum in the 
c‘arly stages of the illness will prove fatal to mice. Apart from isolation of 
the virus, the* only satisfac-tory method of diagncjsis is by the complement 
fixation reaction. According to Bedson, the most satisfactory antigen is 
obtaiiKui from the spleens of infected mice, as it is e.ssential to employ material 
that is rich in antigen. The technique is similar to that of the Wassermann 
reaction. 

Differential diagnosis. — ^Psittacosis in parrots has to be differentiated 
from Pacheco’s parrot disease, which was discovered by Ikicheco, Bier, and 
Meyer while investigating jiathological conditions of parrots in Brazil. The 
filterable virus ])roduces a clinical picture similar to psittacosis ; it differs 
from j)sittacosis virus in not being communicable to man or pathogenic to 
mice, while in the necrotic liver cells there are large acidophilic intranuclear 
inclusions. 

Prognosis.— The mortality rate in human cases so far reported is high — 
usually about 20 per cent. — and convalescence is slow and tedious. 

Treatment. — Symptomatic treatment and nursing should be on similar 
lines to those of ty])hoid. The only treatment which might be of any value 
is early use of serum of patients who have recovered from the disease. In- 
jections of non-specific human serum appears to produce good results in 
some instam^es, a\ Idle the sulphanilamide, prontosil, has been tried with good 
results in one case. 

Prophylaxis. —The best method of avoiding a disease which is conveyed 
by birds of the parrot family is to avoid contact with these birds. Petting 
parrots, and especially permitting insertion of the beak into the mouth, 
should never be allowed. The importation of members of the parrot family and 
finches into countries where the disease is not endemic should be prohibited. 
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RABIES 

Synonyms. — Hydrophobia ; Eage (French) ; Tollw ut (Goniian) ; 

Lyssa ; Eabbia (Italian). 

Definition. — Eabies is an historical disorder among dogs and 
other animals. Under natural conditions it is transmitted both to 
animals and man by inoculation of virulent saliva, in Lie act of biting. 

It is now realized that it is caused by an ultra-microscopic virus 
which invades tlu? central nervous system, by ilu^ peripheral ii(‘rves, 
and becomes fixed there. The incubation period is in some (*ases a 
very long one and the centres for respiration and d(‘glutition in tin* brain 
are severely attacked, so that spasm and, eventually. ])aralysis r<‘snlt. 
Protection is afforded by inoculation with atti'nuatial or kilkal ral)ies 
virus and to some extent by antiralhc serum. 

History. — ITe earliest recognizable reference to rabies is tliat of Aristotle 
in tbe fourth century b.c. The first extensive dt'scriptions are tliose of 
Celsus in the first century a.d. and Caclius Aurelianus and (lalen in the second. 
The paralytic form was first recognized by Van Swieten in 1771. The first 
actual demonstration of the identity of the disease in man and animals was 
made by Magendie and Breschet. The modern study of the disease dak\s 
from the classical studies of Pastimr, who devis(‘(l the method of subdural 
inoculation of matt^rial from the central nervous system, and tlius laid tla* 
foundations of the preventive system of antirabic inoculation which beais 
his name. He it was who also suggested that the causal agent might hr 
an invisible microbe. 

Geographical distribution. — There is no part of the t'arth where man 
and oth(;r terrestrial animals can live where rabies cannot potentially ('xist. 
Rabies occurs quite commonly in Greenland, Iceland, and other Arctic: 
countries, but it is possible that in the Far Aorth a s])ecial modified form 
of the disease exists. In the tropics and subtrojacs, especially where jackals 
and wild dogs abound, a sj)ecially virulent form is sometimes prevalent. In 
South America and in the West Indies, cattle are commonly affected^ and 
constitute a reservoir of the virus, and it has recently been found in Jamaica 
that the “ vampire bat ” plays an important part in its dissemination. 
Australia is said to be free from this disease, and this fn:edom is ascribed to 
the peculiar fauna and the rigid quarantine whicli has been imposed upon dogs. 

Eabies has been stamped out from Great Britain for nearly forty years, 
except for a small post-War outbreak among dogs due to an animal being 
smuggled into the country by aeroi)lane. It is very prevalent indeed in 
India, where,, on account of the numerous and dangerous bites from wolves 


* In fcloulh America rabies in cattle is — perhaps wrong I}— termed “Mai de Cadoras.’ 
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and jackals, it causes a high mortality. Statistics are difficult to obtain, but 
an average of about 5,000 persons are treated annually at the Pasteur 
Institute, Kasauh. 

In the United States of America 10 states or territories only are considered 
to be free from the disease either in man or animals, and until recently it 
aecjounted for about 100 deatlis a year. 

///?// As- ,su,srep(ible to rabi(\s. AW warm-blooded animals are susceptible 
under favourable conditions to experimental inoculation of the rabies virus ; 
it is more commonly met with in nature in those mammals which are subjected 
most of ten to the bites of dogs, wolves, and foxes. Some species are seldom 
infe(*t(‘d because they are seldom subjected to bites, or because they are 
provided with thick fur. 

There is some reason to believe*, that skunks, w'easels, and stoats, and 
possibly the mongoose {Cynictis pcnicillata) may propagate the disease widely 
among their own kind, as d(x*8 the dog. The susceptibility of rats to sub- 
cutaneous inoculation leal te) the opiniem that these animals might also be 
erapable of' j)erpetuating this disease in nature, but of this there is now little 
evidence. In South Africa the meercats act as a reservoir, while in the 
Uniteel States grey squirrels have been found infected. 

The domesticated animals are affected with the following percentage 
frequ(‘ncy : Dogs 85- 1 ; cattle 10-7 ; liorses 1-48; swine 112 ; cats 0-81 ; 
shec]) 0-7 ; goats Donkeys are rarely affected. 

Wolves, foxes, and rabbits may be affected in different countries where 
they abound. Birds are relatively insusceptible to inoculation and this is 
said to be due to their high body temperature. Frogs are said to be suscepfeble. 

The disproj)ortionate prevalence of rabies during certain seasons of the 
year ay)pears to have little foundation in fact. 

^Etiology.- The symptoms of rabies indubitably point to an intoxication 
of the nervous system, while the pathological changes also indicate that this 
is tlu* ]>art of the body affected. 

The most generally accepted view' of the infection is that the virus of 
rabi(*s, ui)on its introduction beneath the epidermis, finds its most favourable 
medium for propagation in the nerve-endings and fibres torn in the region 
of th(‘ bin*. Along the course of the axis cylinders of these nerv^es it develops 
and travels, without disturbing their function, until the central nervous 
system is reached. The virus is strictly neurotropic, although Marinesco 
and Stroesco consider that the main path of dissiunination is by the lym- 
})hatics. Finally the cells of the central nervous s^'stein are attacked, the 
first effect being excessive stimulation, leading finally to destruction. At the 
same tinu* a n(‘urotoxin is produced which is responsible for some of the 
symptoms. Tht‘re is sound evidence that the explanation which has been 
thus outlin(‘d is fairly correct. Nerves leading from the site of the inoculation 
to the central nervous system have been shown to become progressively 
infectious in ascending segments, while complete section previous to inocula- 
tion confines the toxin to the lower st^gment. The blood and lymph appear 
to be* incaj)able of taking up the toxin from the site of inoculation. 

Street virus virus dcs rues^'*' “ Strassenvirus ”) is the strain found in the 
virulent nervous tissue infected by the natural disease^ ; its virulence is very 
variable and when inoculated subdurally into rabbits, it causes the symptoms 

‘ The disease known as Oulou-fato among the natives in West Africa has been shown to 
be identical with rabies. Nicoluu, Mathis, and Constantineseo claim that thLs virus is less 
virulent, and more diffioult to fix, than is the true rabies virus. 
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of rabies to appear at a variable period of more than fourteen days. Inocula- 
tions should, if possible, be carried on for several j)assages, till the nature 
of the virus becomes clear. Considerable variation in street virus occurs, 
some strains showing rapid adaptation to th(‘ central nervous system. 

Fixed virus {virus fixe) is modified from the street virus by passing it 
through a long series of rabbits. In this manner its virulence becomes 
greater for these animals, so that finally th(\y dev(*lop the diseases after a 
constant or ‘‘ fixed ” period of incubation, so that no amount of further 
passages can n'duce the incubation period Ix'low the span. The mouse, 
however, appears to be the most suitable animal for rapid diagnosis. 

Nicolau and Kopciowska have been able to pass a strain of rabies virus 
from sc'iatic nerve to sciatic nerve for more than one \'(‘ar, and have th(‘reby 
re-converted “ fix(‘d virus” into ” street virus.” The strain of fixed virus 
had been ])assagt‘d in the laboratory for six years and gave*, rise to from one 
to four Negri bodi(‘s in 100 ganglion cells of the horn of Ammon, 'fhe trans- 
formation vas achieved by passage inoculations mad(“ into the right sciatic 
nerve, the emulsions em})loyed being obtained from the; hft sciatic nerve of 
the })r(wious animal. \\ ith a great amount of troubk' two lin(‘s of passage 
have been obtained covering a jicriod of more than a y(*ar. 

Negri bodies N originally described certain oxyj>hilic granuk's 

in the nerve-ganglia cells of the Ammon horn of the brain. Although probably 
they are of the same naturt‘ as the im^lusion bodies found in association with 
other ultramicroscoy)ic virus(\s, yet they were formerly regarded as j)arasitic 
in imture. Calkins classified them as sj)orf)Zoa — Neurorgtes hydrophohice 
(also called Glugea lyssex.) Levaditi believes that the Negri body r(*j)resent8 
one stage in a complicated life-cycle. Negri bodies are admittedly very 
(constant in rabit's and peculiar to it. In the majority t)f cuisc's they are uscal 
for diagnosis, but it must be admitted that their exact significance' is still 
in dispute. 

Co veil and Danks, afU'r micToincineration and other studies, conclude 
that the Negri bodies arise from constituents in the nerve -cel I as a result of 
the virus. It must be reinemberc'd that they are not ]wesent in every case 
of rabies, but when a })erson has been bitten by an animal having symptoms 
suspicious of rabies, preventive treatment should at once be instituted. 
Inoculation tests have shown that this jwactice is sound. The custom of 
killing suspected animals immediaU'ly after the\' have bitb'n their victim 
is not to be recommended, as it oj^erates against the demonstration of Negri 
bodies which may be pres(‘nt in the later stages of the disease*. ()th(*r e*hange8 
in the nervous tissue, of less imj)ortance from a diagnostic vk‘w, have been 
described, and Courmont and Lesieur claim that in the dog tliere is present 
a relative polymorplionuclear-lcucocyte increase in the blood snd in the 
lungs ; wheweas in the normal dog this constitutes 53 per cent., in the rabid 
animal it forms 90 per (;ent. 

Passage of virus in carnivorous animals — When })assed through 
dogs the virus does not lose its potency ; on the contrary, it becomes fixed 
with an incubation ])eriod of eight or nine days, but in rats street virus becomes 
rapidly augmented in virulence ; on the other hand atieMuation and a final 
loss of virulence is obtained when monkeys, frogs, and birds are inoculat/cd. 

Location of the virus in the body. — The central nervous system and 
the peripheral nerves contain the virus with constancy, but the infectiousness 
is variable in different parts of the nervous system. It was found by Nitsch 
that 0*1 mg. of the brain cortex (fixed virus) was lethal to rabbits in seven to 
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nine dayH, whilst 0*5 mg. from the middle of the cord was not virulent, but 
1*0 mg. was. The medulla, for instanee, is five times more virulent than the 
rest of the cord. Idie salivary glands of dogs are constantly infectious. 
The generally a(a;(‘pted idea is that the virus finds its way to the salivary 
glands by way of the nerves and, according to Remlinger, the saliva of a 
dog may remain viruhmt five days after apparent recovery from rabies. In 
man the salivary glands are seldom invaded. The blood is non-infectious 
eitluT in man or in exjierimental animals. There is no evidence that the 
virus can be conveyed to the fVetus. \eitlu‘r th(‘. milk, urine, liver and 
s})l(*en, nor spermatic fluids i^ver harbour the virus. 

Cultivation of the virus. Although there is considerable doubt whether 
the virus can be succ(‘ssfully grown in the (‘horio-allantoic membrane 
of th(' (h'veloping chick (unbryo, it has bemi grown succ(‘ssfully either in a 
])lasma medium or in Serum-Tyrode containing mouse- or chick-embryo 
tissue. Human and monkey were more satisfactory than rabbit serum. 

Properties of the virus. — Th(‘ jiarticle sizi* of tlu* virus of fixed rabies 
is lOO-lbO 7)1 fi, as d(‘termin(‘d by filtration, (entrifugation renders the 
sujxuTiatant fluid of an (‘inulsion avirulent. The virus is sensitive to heat, 
since ordinary undried (unulsions lc)S(* virulence afti'r exposure to oO C. for 
sixty minutes and 00 C. for thirty minutes. In the dried form, however, the 
virus resists 105 (k for two minutes. On the other hand it can r(‘sist intense 
cold (liquid air at — lb(‘ C.) for three months. It is n^sistant to 50 jier cent. 
glyc(‘rin for many months. 

/Ms'/m/Z/o//. - Rapid desiccation of brain and spinal cord is not destructive 
to virulence', and rapidly desiccati'd virus can be prestTved in stoppered 
bottles in th(‘ dark for nine months. (Iradual desiccation at higher tem- 
peratures (23 V.) is accompanied by gradual attenuation of the virus, so 

that virulence is usually lost in five or six days. 

Flit ratio)).— Kmulsifi(‘d rabies virus jiasses through the* pores of Berktdeld 
filters, but not finer than L 3 in the series of (’hamb(‘rland bougies, and it is 
claimed that fixed virus passes through even finer yiores than street virus. 

Fhc))ncal agoits. — Rabies virus is sensitive to the action of acids and 
alkalis, but mort' resistant to chemical disinfectants than are bacterial 
emulsions. It is yirobable that when introduced into the sulxuitaneous 
tissues leucoc'ytcs and other cells are capable of ahso)'bi)ig the virus. The 
s<‘rum whic h is immunizt'd against rabies is able to destroy the activity of 
th(‘ rabic's virus i)i vitro. From immunized sheeji a serum of a very high 
antitoxic titre has bec'ii obtained. 

Tike Trinidad disease (Paralyssa). — Hurst and Ratvan (1930) have described 
a curious jmralytic form of rabies in the island of Trinidad. It appears 
esjiecially to affect and be spread by the vampire? bat, which in the whole 
of South America and in the Antilles feeds indiscriminately on the blood of 
man and cattle. The disease was first noticed in five cattle, and subsequently 
five cases were discovered in man. The virus was transmitted to monkeys, 
and further studies have been published by Hurst and Pa wan. This disease of 
cattle is apparently identical with the “ mal de caderas ” ( 3 f South American 
cattle, probably better termed South American lyssa. Some doubt has been 
expressed whether the bat at first identified by Pawan was the vamyiire 
(Desmodus rufus) or a harmless species, Artibceus. Now' Lima (1934) in 
Brazil has, by direct experiment, brought forward evidence that in the State 
of Santa Catherina epizootics are prevalent in the favourite haunts of vampire 
bats (Desmodidfle) and that the transmitter is the local species (Desmodas 
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rotundus). The virus may be demonstrated in the saliva of bats, which act 
as healthy carriers for considerable periods. Kraus and Diiren have suggested 
the title of “ Paralyssa ” for this form of the disease. 

Incubation period of rabies. — In rabies this is remarkable for its 
length and great variability. In nature it is seldom under ten days, but may 
extend to a year, or even longer, though the majority of (!ases occur before 
the end of the third month. 

The length of the incubation j^eriod is infiueiu;ed by tlu' follow ing factors 
— the species of animal : it is usually longer in man than in th(‘ Iowan’ animals. 
The site of the inoculation : th(‘ shork^r the distance from the brain, the 
shorter wall be the period of latcmcv, whilst hnnales exhibit a shorter })eriod 
than males, and children than adults. The severity of the wound and the 
physical condition of the patient hav(‘ undouhUKl indiamctn 

Symptoms and clinical course.— Kabies pr(*sents two distinct clinical 
types. There are the furious or excited, and the (|ui(‘t and ‘'dumb” or 
paralytic. Some distinguish four typ(‘s of the discasi*, ccn^bral, nu'dullarv. 
cerebellar, and sympathetic. 

The excited or furious type. -Vho onset of rabies is usually rapid and t he 
patient usuall}’ .shows sonu' psychical chanL’'e v(‘ry early, becoming anxious, 
melancholy, and possessed of strange })resenti{n<‘nts, Sh‘ep becomes im- 
possible. Soon local numbness, twitching, and a sensi* of itching ])rogrcss 
centrally from th(' wound, which becomes engorgc<l and tender. Som(‘tim<‘s 
the first symptom com[)lained of is a .strange sensation in the tliroat, and a 
sense of constriction of the fauces. 

The mental .symptoms may be puniy hvstiuical and tla’H' arc many 
cases recorded in which the onset is determined by mental shock. I'right 
and terror may be regarded in many instances as tlu' manifestation of the 
disease. An initial rise of temperature; is perhaps the most constant early sign. 

The prevailing .syrn])toms may last several days befoi’c the d(‘cided out- 
break, but msually only twemty-four to forty-t‘ight hours. 1/ i/drophohio, th(> 
outstanding symptom, ]jr(‘vailsin thegi’eat majority of cas(‘s, and it a rises from 
the extremely painful spasms oi’ the organs (d deglutition and respiration 
which are induced in att(un])ts to eat and, (‘specially, to drink. 

The.se .spasms are of such an agonizing ehai’acte?' that they exceed, possibl\ . 
all other forms of human sulfering, cons(‘(|U(‘ntly the siglit or smell, or t'va n 
the sounds of liquids, is suflici(‘nt to bring on an attack. When an effort is 
made to gulp down a small (juantity of liquid it is freely (‘xpelled, w itli an 
accompanying and anguishing spasm <jf th(‘ throat and larynx. The condition 
is a state of hyper-susceptibility of the nerve-cells to (‘xternal stimvdi. 
Draughts of air may bring on a eonvul.siv(‘ .sedzure ; skin and teialon reflex(‘s 
are exaggerated, the respiratory spasms involve tin' thoracic m^ scles and 
cannot be relieved by intubation. Solid foods an* usually mor’(‘ readily tak(*n 
than are fluids. 

Whenever the onset is determined the di.s(;ase progress(*s ra})idly . In the 
majority of instances there may be periods of latency w hich (!aus(* tin* hope 
of recovery, and doubts may be entertained as to the correct diagnosis. 
The mind is usually exceptionally clear, questions b(‘ing answered w'ith 
intelligence until the voi(;e becomes indistinct and tin* words unintelligible. 
There are periods of excitement w^hich may be truly maniacal ; the patient 
may injure or destroy any objects near at hand, but there is seldom any 
tendency to injure other persons. Sexual exciUunent, ac;compani(‘d by 
priapism, is a frequent symptom. The voice usually becomes hoarse ; the 
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strange sounds emitted during expectoration at the onset of the seizure have 
given rise to the popular conception of “ barking like a dog.” 

The convulsive seizures become mon^ and more pronounced till a condition 
of paralysis leads to death. The muscles, which have been racked to the 
limit of endurance, become limp, and the face, which has expressed the 
acme of terror and suffering, becomes expressionless. There is usually an 
excessive secretion of roj)y saliva which the patient is unable to expel. 
Finally, the breathing becomes irregular and feeble and at last stops altogether. 
The temperature rises before death. Sugar and acetone are usually found 
in the urine. In the paralytic stage the pupil is dilated. 

The panilytic type in man . — liecause its symptoms are less marked than 
in the violent type, it undoubtedly remains unrecognized in many cases. 
For a time the mere existence of this form was forgotten. Pathologically 
it lias bc(‘n attributed to infection with a large amount of virus and to the 
involvement of th(‘ spinal cord rather than the brain. The onset is with 
high f(,‘ver, giuKual malaise, headache, and vomiting ; afterwards tlK-ire is 
localized pain, especially in the bittcui parts ; a heaviness and numbness of 
these ])arts follow, then ataxia and weakness, and finally paralysis. Oirdh* 
sensation is usually complained of. 

Consciousness is retained until late in the disease. The paralysis spreads 
with preceding or accompanying pains of the affected })arts, involving limbs, 
trunk, rectum, bladder, face, tongue, and eye* muscles. More or less difficulty 
in swallowing li(|uids results from the respiratory embarrassment, but the 
symj)tom of “ hydrophobia ” is usinally absent. Fn'quently normal respira- 
tion may he restonal for a time* and d(*ath takes place from cardiac paralysis. 

'J'his form of the* disease is more prolonged than the furious type, lasting 
up to seven and a half days, as compared to the average duration of three 
to four days in the former. 

Rahie.s in the loicer aniniaU. -On account of its highly developed intelligence 
ihrcmgh centuries of intimate association with man, the dog shows the most 
marked psychical disturbances, and when a dog begins to exhibit marked 
and causeless changes in usual disposition, sus{)icions of rabies should be 
entertained, es]>ecially if thcTC are oth(*r rea.sons for such suspicion. The 
dog may become more morose, sullen, or irritable, or show excessive affection, 
and fatal infections are liable to occur at this stage through licking wounds 
or abraded surfaces. 

A very c^haracderistic symptom is the change in the character of the voice, 
which is said to resemble' the* yelj)ing of a tired foxhound giving tongue, 
'fhe rabid dog is easily startled, growls and barks on tlu' slightest provocation. 
Whi'ii the dog seems mad he usually bites many other persons and other 
animals. Ho bites them, or passes by, but never swerves out of his way to 
attack them. 

The popular idea of a rabid dog is an incorrect })icture. On the other 
hand, it looks ill, takes no interest in its surroundings, trotting along with a 
vavering gait, and often with unilateral drooping of the ear. Convulsions 
soon a})pear and the animal may die during one. More frequently, a paralytic 
stage supervenes and the dog drags himself to a secluded spot. In place of 
its accustomed appetite, it swallows sticks and stones and other objects. 
Swallowing, at first difficult, latc'r becomes impossible. 

The paralytic form is most frequent amongst dogs and is peculiarly 
dangerous to man. Hie dog becomes the object of sympathy, and often 
bystanders become scratched or bitten. 8uch rabid dogs are intensely 
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thirsty and have no fear of water, but owing to the paralytic; condition of 
the throat they are unable to swallow, (dye.osuria is a eoinrnon symptom 
of rabies in animals and is said not to be of renal origin. 

The jjaralytic form is very common in herbivora, but horses j)resent the 
most agonizing type of the furious form. 

hJxperifnentdl rahiea in the rabbit . — After subdural inoculation, rabies 
manifests itself by a prcnnonitory fever ; the animal appears sleej)v and does 
not eat. The appearance of the face is characteristic; ; the c'yes have a 
staring expression and frequently there is drooping and lopping of one ear. 
The animal urinatc's more frequently than normal. Rarely a furious stage 
occurs, c;oiivulsive seizures are frequently obsc'rved and there is grinding of 
the teeth. Paialysis begins in the hind legs and procecnis forwards. Abortion 
is common in pregnant females. 

Immunity. — Natural immunity to rabies is exhibitc'd by a number of 
lower vertebrates ; occasionally in mammals an indiridual hnynunity may 
be observed, and a state of hereditary innnunity has been dc*scribed by 
Remlinger and Konradi. 

Much more is known about acquired immunity. Man and animal may 
bo rendered immune by inoculation with thc' modific'd virus of rabies ; 
secondly, thc*ir blood acquires “ rabicidal ” pro})erti(‘s, that is, the })ower to 
render inert thc virulent material exj)osed to its action in vitro. 

d’ho virus is more virulent in rabbits, inasmuc*h as it cause's the disemse 
more quickly, but at the same time it loses its virulence for animals highc'i* 
in the taxonomical scale. It is assumed that by jmssage through rabbits 
the virus becomes increased, hence* the early onset and the paralytic symptoms. 
Its rc;sistance to the inimical action of the bcxly juicc'S is thought to be reduced, 
hc'nce the harmlessness of subcutaneous injection. The arguments in favour 
of the toxin of rabies being in the nature of an ultramicrosco])ic virus arc* as 
Ibllows : the prcxluction of symptoms of fevc*r, emaciation, and cachc’xia by 
virus which has been passed through a fiitc'r. (dusmau, Solonjowa and 
Predtetschenkaya have found that the virus (*an pass through Phamberland 
bc^ugies Lg Occ.*asionally during thc; inoc’ulations, or soon after, 

paralytic symptoms apjx'ar, apparently nc)t directly due* to rabies infc'ction, 
paralysis of the Landry ty]x* being noted. These ])aralytic acc‘id(*nts are 
oc*c*asioned, it is believed, by some toxic substance present in nervous tissues 
both from rabid and normal animals. 

Immunity to rabies can be conferred by increasing dost's of filtered 
emulsions and those c*xposed to high ternjK'ratures. 

Levaditi and Stoel have shown that the virus of rabic'S i ruaintained, 
and prcjbably multiplies, when placed in vitro in contact with c*c*llu]f) r f*l«‘ment8. 
The virus develops in contact with embryonic cerebral tissue in vitro. 

There are other peculiarities of the rabic'S virus toxin, for tlu* s})inal cord 
of the rabbit, when dried until it has lost its infectious ])ropc‘rties, has also 
entirely lost its immunizing properties. It is thercd'orc; possible to ex})lain 
the artificaal immunity conferrc'd by the injection of fixed virus as follows: 
The successive injc‘c*tion of dilutions of fixc;d virus, increasing from ueak to 
strong, or of emulsicjii of the dric;d cord has this effect : The rabies toxin 
contained within them arrives c'arlier at the cells of the central nc;rvous 
system by way of the blcx)d and lymph circulation than does the slowly 
progressive growth of the rabies virus along the nerves, so that when it 
arrives at the nerve centres, the })rotoplasm of the nerve-cells has alrc;ady 
become accustomed to the action of the rabies toxin and consequently the 



DIAGNOSIS 


391 


virus, introduced during preventive inoculation, can no longer affect the 
nerves and produce chroinolytic changes in them. Unattenuated '' fixed ” 
virns may now be used for the production of immunity, for there is no danger 
of producing rabic infection from the sabcuUinexms injection of this substance. 
It lias recently been shown that in the presence of a pointolit(% rabies virus 
may be inactivated by the photodynamic action of dyes, such as methylene 
blue or profiavine in high dilutions. Inactivated virus, however, retains its 
antigimic power. 

Diagnosis and differential diagnosis. — The diagnosis of rabies rests 
upon the consideration of many factors, such as the history of exposure to 
infection, the length of the period of incubation, the clinical symptoms and 
cours(‘, the termination, and the post-mortem findings, confirmed by inocula- 
tion tests on animals. 

In recounting the history of exposure to the virus, due consideration 
must be given to th(* mental exciUnnent of tlu* patient and to the bict that 
the rabies may be infectious several days before the appearance of rabid 
synifitoms in infected animals. 

\’ery often it hapjiens that no history of infection may be obtained until 
late in the disease, or until after death. There are instances wliere the 
victim has died of rabies, yet th(‘ infecting dog has recovered. In assessing 
the length of the period of incubation, apparently well-authenticated cases 
of rabies may commence as early as ten days afU^r (‘xposure, but hysterical 
manifestations simulating thos<^ due to rabies come on a few hours or days 
after the assumed exposure. The mental behaviour of the patient during the 
jirobationarv ])eriod may bt‘ of assistanc*(‘ in making a diagnosis, but many 
cases show n(» disturbanci* what(‘V(‘r till tell-tale signs develop. 'Idi(‘ chief 
diihculty is, of course-, with hysterical manifestations, and it is stated that 
hyj)ersensitiveness to draughts of air, which is common in true rabies, is 
not produc('d in hysteria, so that fanning a patient, when unnoticed by him, 
may produce- a ee)nvulsive seizure. Tetanus and mania may also simulate 
rabies. 'J'he absene-e of trismus in one, anel e)f e*onvulsive seizure in the 
other, will help, i-^ome [)aralytic cas£‘s of rabies may simulate Landry's 
paralysis. 

In the le)wer animals there are a variety of eiiseases such as deyg distemper, 
dog hysteria, e^r brain tumours, which may simulate rabies. Then there is 
the jh^endo- rabies or ‘‘ mad itch ” of Aujesky. This virus is much more 
resistant to desiccation. Kernlinger and Bailly find that the intraocular route 
is the most ])racti(*al in experimental infections, because in pseudo-rabies the 
issue develo])s suddenly, which is not the case in true rabies. The infection 
is transmitted along the axis cylinders of the nerves and reaches the ganglia 
and segments of the cord, and this degeneration is probably responsible 
for th(i itching from which the disease takes its name. Pseudo- 
rabies has occasionally occurred in men, usually as a result of handling 
infected animals. It is a non-fatal disease and is characterized by intense 
itching. 

Special mention must be made of the presence of the virus in the lung, 
and the disease has been reproduced from inoculation of liver, spleen, kidne}^ 
testicles, suprarenals, and bone-marrow. 

It should be noted that at least two cases of “ psychological ” rabies have 
occurred in a medical man and a veterinarian who had been bitten by dogs 
suspected of having rabies. Apart from psychological symptoms, there 
were no nervous changes. 
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Treatment 

(a) Treatment of the developed disease. — No cure has yet been 
devised for the fully developed disease. In analogy with other virus diseases, 
a potent antirabic serum has no effect once the 8ym])toms have begun. 
Therefore fully developed rabies in man must be treated on symptomatic 
grounds. Chloroform inhalations arc given for control of j)ainful s})asms; 
chloral and bromides per rectum and, if possible', curan*, subcutaneously. 
Morphia is apt to increase the mental excitement and suffering. Where the 
patient cannot swallow food, rectal alimentation is probably to be j)referr(‘d 
to feeding by the stomach- tube. Intubation or tracheotomy are probably 
both useless for the relief of dyspnma and suffocation. Mechanical restraint 
is generally unnecessary and should not be resorted to except in violent 
maniacal forms. The attendants must j)reserve a calm and pleasant de- 
meanour and when speaking of the disease should do all })Ossible to reassure 
the patient. 

[h) Prophylactic treatment of person exposed to infection. 
Cauterization of the infected wound has been practised since time irnmfunorial 
and, when properly carried out, it is undoubtedly of some benefit, and it has 
been shown by experiment that the incubation period is prolonged, even 
when it does not prevent the extension of the infection, and in this manner 
it allows more time for the establishment of immunit\' by antirabic inocula- 
tions. Actual cautery is very painful and is only efficient if done thoroughly 
and immediately. The best method is to touch all ])arts of the wound down 
to its depths with nitric acid. Carbolic acid is prc^bably less (‘ff(‘ctiv(\ 

(c) Preventive inoculation.— The Pastimr treatment for the pre- 
vention of the onset of rabies in exj)Osed persons is designed to confi'r immunit y 
during the period of incubation. The production of this immunity is neces- 
sarily a long process, but fortunately for humanity, th(' inc-ubation j)eriod of 
rabies is normally much longer. 

In those persons in whom, from a combination of factors, the incubation 
period is a very short one, the Pasteur treatment fails. 

The principle upon which the Pasteur treatment is based rests upon the 
production of immunity by the inoculation of modified rabies virus. Tliis 
has been finally accomplislied by serial j)a8sage of the virus through rabbits 
until a fixed degree of virulence has been reached, and secondly, by the 
attenuation of this rabbit virus by desiccation. 

The first of these processes is the more imj)ortant and the one most 
frequently employed at the pre8(*nt time. The f()llowing metliods havi? been 
employed : 

(1) Unmodified fixed virus, introduced by Perran. 0*08 grm. I cord of 
a rabbit dead of a fixed-virus infection is emulsified with the aid of fiiui sand, 
using 8 c.c. of salt solution or bouillon ; 6 c.c. ol the toj) fluid are injected 
subcutaneously into three different parts of the body, 2 c;.(^ in eacdi. The 
injections are repeated on five successive days. 

(2) The dilution of fresh-fixed virus, a method introduced by Hogyes, who 
maintained that the diminution of the virus could be more accurately con- 
trolled by simply diluting the fresh virus with salt solution and increasing 
the dosage as treatment progressed by increasing the strength of the emulsion. 
An improvement which has been suggested by Harvey and McKendriek is 
to take smaller amounts of an original emulsion of fixed virus j)repared from 
the spinal cord of a rabbit dead of a fixed -virus infection (or killed), rubbing 
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it up with st<^^rile salt solution in the proportions of 1 : 100. By appropriate 
additions, dilutions are prepared varying from 1 : 200 to 1 : 10,000. The 
dilutions are then used for immunizing. For severe cases, head or face 
wounds, as many as five injections are given daily in dilutions varying from 
1 : 2,(K)0 to 1 : 10,000, in the first four days, and subsequently^ to the 
twenti(‘th day, two to three times daily. Formul;e have to be devised to 
suit individual cases. 

(3) Fixed virus aftejimitcd by drying. — 'fhe original method of Pasteur, 
and the one still most extensively practised, has the advantage that it may 
be adminisU^red by privatt^ doctors at distances from the laboratory, since 
dried virus can be jireserved by glycerinization ana dispatched in this con- 
dition. The original scheme of Pasteur for the employment of this method 
has been greatly mcjdified, according to the time consumed by the treatment, 
or by disy)ensing with some of the more attenuated cords, and by increasing 
or diminishing the dosage given at individual injections. In the first four 
days two 3 c.c. injections are made daily of (miulsions of cord dried in vacuo 
14, 13, 12, 11, 1(1, 9, 8, 7 days respectively. The* total length of treatment is 
t wenty-one days. 

(4) Fixed virus attenuated by heat.- - A method advocated by Babes appears 
to be merely a more dillicult method of attaining the same end as acc'omplished 
by the desiccation method. 

(5) Fixed virus acted on by glycerin. — W’hile glycerin j^ossesses the power 
of conserving rabies virus in an active state for a month or mon*, on prolonged 
(‘xposure this virulence is lost, although the immunizing ])ower may be 
r(‘tain(‘d. This is tht‘ iiK'thod which was advocabal by (Jalmettc, although 
rarely is this immunity sutticicntly substantial to withstand subderrnal 
inoculation U'sts with the fixed virus. 

(b) Mari(' has clairnial that a raf)id immunity is s(‘cur(‘d by treating a fixed 
virus |)artially muitralizcsl by antirabic .serum in vitro. It is claimed that in 
this way a virus of high immunizing power, but of diminished infectious 
pro})erties, can be administertal. For this method one gramme of the bulb 
of rabbit is taken. A passage-fixed virus is rubbed up with 9 c.c. of veal 
broth and the emulsion strained through cloth. To 2 c.c. of this emulsion 
is added 4 c.c. antirabic sheep serum, previously heap'd for thirty minutes 
at bf) ’ C. The b c.c. of mixture is injected into the skin of the abdomen 
in two pla(‘(‘s and th(‘ same injections an* repeated on three following days. 

Formaliniz('d virus grown in ti.s.sue-culture virus can confer considerable 
immunity to mice, while afU'r exposure to ultra-violet light the virus is still 
antig('nii‘,. 

(7) The carbolized fixed virus is list'd at Kasauli and other stations in India. 
The whole brain is removed and a solution containing 1 per cent, of phenol 
in 0-85-per-c('nt. salt solution is mixed and placed in a mortar in an incubator 
at 37^ C. for twenty -four hours — .sufficient to kill the virus. The suspension 
is stored at O.C. while P'sts are being carried out and is used as a vaccine 
after two to three weeks’ storage. 

Before inoculation the suspension is again diluted with an equal part of 
()-85-per-cent. salt solution, so that it finally contains 0-5 per cent, brain 
substaiKiC. Each patient, however severely bitten, receiv^es 4 c.c. of this 
susjx'Tision for a period of fourteen days. 

Serum therapy. — Although when it vv^as first discovered that rabies serum 
was capable of destroying rabies virus in vitro great hopes were entertained 
regarding its action in man, the results have been di.sappointing. 
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The ifidtcations for the Pasteur treatment . — All persons who have been 
bitten by rabid animals, or who have had oimmi wounds or scratches con- 
taminated with the saliva of rabid animals, should rcciuve the treatment.. 
If, however, the animal remains alive and u ell for ten days after administering 
the bite treatment may safely be discontinued. In persons who have drunk 
the milk of infected cows, the possibility of infection is v(‘ry remote, as the 
gastric juice is destructive to the virus. Everyone who has betui bitten by 
animals presenting symptoms of rabies should receive antirabic treatment, 
whether or not the suspicion is confirmed by histological examination, and 
pending the result of inoculation tests. Those persons who are bitten by 
animals which do not show any of the symptoms of rabies should not be 
exempt from the necessity for treatment until the biting animal, which 
should be carefully confined and watched, is shown to be free from the disease. 
It must be emphasized that histological examination is conclusive only 
when positive and Negri bodies are demonstrable in the central nervous system. 

The results of the Pasteur treatment . — Even under the system of the most 
rigorous examination of the results of this treatment, it is extremely diflicult 
to determine exactly the mortal ity-rate after the bitc^ of a rabid dog. 

In untn'ab'd persons the estimated mortality of statistics very accuratel\' 
kept is about 14-8 per cent, in 122 persons (llcx'bert, 1909). As a general 
statement it may be said that the total mortality of bitten persons subjected 
to antirabic inoculations is about 1 per cent., of which half could not, on 
account of the short tim(5 permitted for the establishment of immunity, havt* 
been expected to live. 

Immunization of animals. — In South America cattle in many areas are 
being immunized prophylactically, while in certain towns dogs have bc(*n 
vaccinated. During the rabies outbreak in Singapore in 1937, arrangements 
were made to immunize the whole dog population, approximately 13,0(Ml, of 
Singapore Island. A killed virus should preferably lx* used for tlui immuniza- 
tion of animals. 

Examination of suspected material for evidence of rabies. 

The material generally consists of the head of some animal, most frccjiumtly 
the dog, and may be WTapped in cloths soaked in bichloride of mercury (jr 
other germicidal solutions, while for rniscroscopic examination maUnial may 
be sent already fixed in weak alcohol. For inoculation the iiHalulla place d 
in glycerin is suitable. Sections give better results than smears, but naturally 
take longer to perform. If grossly contaminated with bacteria, the tissue's 
should be treated with ether in a final concentration of 10 per cent., which 
does not destroy the virus when allowaal to act fe^r two hemrs at 4 ' C. 

In order to loc ate the hi])poe*am])Us, or eoriiu Aminonis^ the* brain is placc'd 
upwards, and the temporal lobe lifted outw^ards from the meelian linci until 
the cornu comes in tee line as a long cylindrical whitish body tape*ring at its 
enteriorend. Smc'ars are made on slides ejr cover glasses by crushing a small 
section of brain matter between two of them and drawing them out unclear 
gentle pressure' to produce a fairly thin film. After fixation they are^ stainexl 
in Unna’s polychrome methylene blue for three minutes and, after diffc'rentia- 
tion in 95 per cent. al(;ohol, are examined. Negri bodic'S staiiu'd in this way 
take on a magenta colour. In reexmt years it has beam suggested that the 
mesencephalon, or oeulo-motor nuc^leus, is a more favourable site than the 
hippocampus for the demonstration of Negri bcxiic^s. Morgan and McKinnon, 
however, have found that in naturally infected dogs and donkeys, the hippo- 
campus is the site of election. 
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The other technical methods to be studied are the methods of subdermal 
inoculation into rabbits, which is performed by a small trephine or jeweller’s 
drill, to effect an opcninj; into the skull large enough to admit a needle. The 
mouse is more suitable than either the rabbit or the guinea-pig. Negri 
bodies can be demonstrat'd in mouse brains eight to nine days after in- 
oculation (Sulkin and Nagle). 

For the technical method of removal of the sj)inal cord from the rabid 
rabbit and the methods of drying in vitro^ more authoritative works must 
be consulted. The present dry method consists of cutting ol 1 cm. pieces 
of cords of rabbits killed each day after inoculation, up co the eighth day, 
which should be ])laced immediately in tilyeerin in a cold place where they 
will retain their ])otency for several weeks at the point wIktc it was when 
they were cut off. Matc'rial conserved in this way can be distributed at some 
distance from th(‘ laboratory. It is first cut into half-centimetre j)ieces, each 
of which serves, when emulsifi(‘d in 21 e.e. of salt solution, for one injection. 
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Synonyms. — Dandy Fever ; Broakbone Fever ; Chapenonada 
(Philippines) : 8t‘llar Fever. 

Definition. — ;A specilic fever eoiua^yed by Aedcs aujiipti {Sie<joniyi(i 
f(jsciaia) and, possibly, other mosquitoes, oecurring visually as a ra])idly 
S})reading epidemic. Throughout tht‘ febrile stages, and oftvai sub- 
sequently, severe rheumatic-like pains are a prominent symptom. 
The disease in its active form lasts about a wei'k, and is attvanh'd 
with little, if any, mortality. Seven* cases closely simulating yellow 
fever may occur. 

Geographical distribution and mode of spread. — Dengue is 
apt to occur in epidemics, and has appeartal in Syria, Asia ]\Iinor, 
on the iF^gean shores of (ireece and Turkey, in North Queensland, 
in Charl(‘ston and Philadelphia in the IbiittHl State's, and as far south 
as Sao Paulo in Brazil. It is (uidemic in the West Indies, and in Fiji, 
Samoa, and other Pacitic islands. There occurred a very big epidemic 
in Greece, when in Athens a series of clinical manifi‘stations charac- 
teristic of dengue a}>})ear(Hl, and it is believed that there were ‘289,000 
cases of dengue up to September, 1928. Dengiu^ occurred in the 
United States in 1922-23 and then not until 1934. 

Epidemiology and endemiology. — The cbarac t( ristic of dengue 
fever is that it is apt to recur at intervals of years, sometimes in 
Xiandemic waves, during which, it may be, three-fourths of the popu- 
lation are attacked. The eiudemic may last for one season or may 
be spread over several years. Between these epidemics, cases occur 
sporadically, by which means the virus is maintained and forms the 
nidus of infection for a new ef)idemic, but owing to their mild nature 
they are frequently not recognized. In its pandemic form tla^ disease 
often appears at a considerable distance Ixyond its usual confines, 
and may even ascend mountains to a height of 5,000 fc'et. The 
epidemiology appears to be dependent more upon conditions which 
are suited to the x)‘irticular mosquito conviying the disease than 
upon those affecting man. Owing to the shortn(‘ss of the immunity 
in man, the control of dengue requires a reduction of the mosquito 
index to zero. 

When dengue spreads beyond its ordinary tropical limits, as for 
example in the epidemics of Philadelidiia and Asia Minor, the extension 
occurs only during the hottest fiart of the year — in the late summer 
and early autumn. 
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Epidemics occur j^^enerally after the rainy season and, in the Pacific 
islands at any rate, the disease appears to have a seasonal incidence 
during June, July, and August. 

It would appear that dengue prefers the coast-line, the deltas 
and valleys of great rivers, to the interior of continents. The Grecian 
epidemic of 1928 was ascribed to the great increase of the population 
of the city in recent years and the establishment of a large non-immune 
community increased Ijy a great influx of refugees. There were 
numerous Ineeding-places of mosquitoes iii the Piranis and it was 
estimated that 90 per cent, of the population became infected. 

idEtiology. — Graham, in iharut, Syria, first suggested that the 
disease was transmitted by a mosquito, (Julex frdigaus, and Ashburn 
and Craig (P907) demonstrated that the disease is caused by a filterable 
virus which is not contagious, and that a true immunity tf) reinfection 
is j)resent in certain individuals. 

P)y a S(‘ri(‘S of well-conceived and candully-carritHl-ont ex])eriments, 
Cleland, Bradley, and MacDonald in Australia have proved that the 
virus of dengue is convryt'd l»y (tujfjpti and not lyv 

Culex Jaiigaus. By subiiKK-ulation from one individual to another 
they transmitt(Ml the dis{‘ase for four generations, and showed that the 
\ irus is j)resent in the blood fnun th(‘ see()nd to tlje fourth day of the 
dis(‘ase. l'iX])(aMments by Siler have confirmed this work'. found 

that the blood in dengue is inlectivi* to the moscpiito for eight(*(ai hours 
l)ej()re onset to the end of the third day of the illness. Tlu' mosquito, 
A. (cgijpfi, do(‘s not become intVrtive for eleven to fourtetui days, but 
then nanains so for the n'st of its life. When tlu* tt‘m])(‘rature is l)elow 
18' C. the nios(juitoes do not become infeetive. I’assage oi the virus 
through man to t lu' moscjuito fails to attenuatt' or incrt'jise it. Simmons 
(1981) lias slmwii that another sjieeies of mosquito, Avdvs nlhopicfus, 
is an etfieit'iit carrier of tla* \ irns of deiigutx and is probably the chitd 
\(*ctor in the Philippines. In Florida, it has l)e(‘n sugg(‘sted on 
epidemiological grounds that AlAcs fern iarli g fichus may act as a 
traiismitti'r. 

Blanc and ('aminopdros ha\(‘ studied tlu‘ tqiideniiology of dengue 
in Greece and Macedonia, and have btam able to show that in these 
countries the distribution of dengue and of Alhlcs (vggpti correspoitd, 
but in Australia the distribution of dengue is always ratlua- less 
extensive than that of A. ergypti. An idea has been fostered that some 
corrtdation btTween the virus of dengue and that of yellow fever might 
exist. This suggestion has rectaved no confirmation from the work of 
Stefanopoulo and others who tested the sera of several individuals who 
had sutfi'nai from dtaigue liy the yellow-fever mouse-protection test. 
Moreover, Dinger and 8nijdt‘rs fed mosquit(H's (Aeefrs (ilbopicius) on 
dengue cases in Ahnlan. Sumatra, and then dispatched them by ship 
to Amsterdam, wiuTe they w(‘n‘ re-fed on volunteers who in every 
case subsequently de\'elo[)(‘d dengue. It was thereby provtal that the 
same virus in the same batch of mosquitoes produced different typos 
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of fever in (lilfen‘nt individuals. One case might show the ty])ieal 
saddle-ba(dv temperature curves ; another, continuous fever lasting 
seven days, and from this is drawn the obvious conclusion that the 
five-day fever of Scheer and tlie seven-day fever of lingers, art' not 
distinct diseases. 

Manoussakis has shown that the dengue virus can he transmitted 
almost indefinitely from one volunteer to another without alt (‘ration 
in virulence. In each case the incuhation period of tlu' disc'ase was 
five to seven days. Twenty-five c.c. of blood are taken from a dengue 
case in the first twenty-four hours of the disease, placed in 200 c.c. of 
normal saline, sealed and placed in the incubator ; aft(‘r six days’ 
incubation 6 c.c. of the sup('rnat(nit fluid, injected suhcutaiH'ously into 
volunteers, gave rise to the disease. The virus can lx* dried and frozen 
without losing its virulence. This was shown by Hoffmann, ]\Iertens 
and Snijders, who transported the* dried s('rum from Java to Amst(‘rdam 
and inoculated volunteers with it, reproducing typical fev(‘r 2S5 days 
aft(*r it had been abstracted from dengue fevi'r cas(*s. 

The disease can he transmitted from man to various sp(*cies of 
monkey. In JMacaca undaifa th(*re is, as a rule, only a leucopenia with 
reduction in the number of jiolymorphonuclear leucocytes, but the 
virus is present in the hkjod : the disease cannot lx* transmift('d from 
monkc'Y to monkey. ]\Iice are not susceptihU* to inoculation. The 
so-called dengue of cattle, mon^ corri'ctly t('rni(‘d thri‘(‘-days or 
ephemeral fevx'r, though due to a virus, has no n'lation to liuman 
dengue. 

Pathology. — On account of the low mortality, post-mortem 
records are few. In the autopsies rt‘corded, localized })ulmonarv 
and intracranial intlammation were the spi'cial features. 8(‘rous 
effusions in the neighbourhood of joints and inflammation of tin* 
crucial ligament of the* knee have also Ix'en noted, while myocarditis, 
nephritic lesions with degeneration of the cells of the convolut(‘d tubules, 
and a true encephalitis witli leucocyte blocking of some of tlx* (X'rehral 
capillaries, have also been re^coreh'd. 

Symptoms. — The imnihaiion ])eriod seems to he somewhat variable, 
generally from five to nine days, though sometimes it appears to lx* 
less. The course of the disi^ase may he divided into thn'e ])(*ri(Kis : 
the stage of invasiem, lasting two to tlirc'C days ; tla^ stage of rernissio]), 
lasting twelve hours to three days ; the terminal fever and eruption. 

Stage oj invasion — An attack of dengue may he preceded for a 
few hours by a feeling of malaise or, perhaps, by painful rheumatic- 
like twinges in a limb, toe, finger, or joint, which when confined to the 
knee-joint are excruciating. Usually it sets in quite sudd(*nly. Some- 
times the fever is ushered in by a feeling of chilliness or evxai by a 
smart rigor ; sometimes a deep flushing of the face is tin* first sign of 
the disease. Howewer introduced, the fever rapidly increases. The 
head and eyeballs ache excessively, and some limb or joint, or even 
the whole body, is racked with peculiar stiff, rheumatic-like pains. 
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wliich, as the ])atient soon discovers, are very much aj^^gravated by 
iiiovement. The loins are the seat of great discomfort, amounting 
in some cases to actual pain ; tlie face — particularly the lower part 
of the forehead, round the eyes, and over the malar l)ones— may become 
sulYused a deep purple ; and often the skin over part or the whole of 
the body, and all visible mucous surfaces, are more or less flushed ; 
those of the mouth and throat being sore from congestion and perhaps 
from small superficial erosions. The eyes are usually much injected : 
v(‘ry often the whole face is bloated and swollen. Tiiis congested, 
hypersensitive, and (Tytliematous state of the skin constitutes the 
so-called ])rodromal eruption. TluTe may l>e a fachc cerebrale. 

These sym[)toms becoming in severe cases rapidly intensified 
the patient, in a ft'W hours, is 
com})leteIy prostrated. His pulse 
lias risen to T2() or over ; his 
temperature to F. (Chart 

19), in som(‘ cas(‘S to 105°, or 
t‘\ (‘n to lOb”. He is unal)le to 
move owing to the intense head- 
ach(‘, the sev(*re pain in limbs 
and loins, and the profound s(‘ns(* 
of febrile prostration. From 
tiling to tina^ the skin may be 
moistened by an abortive per- 
spiration, but for the most part 
it is hot and dry. (iastric oj>- 
pression is apt to be urgent, and 

voinitiiig may occur, tiradually ^harl I9.-Dengue. AJt,r Ckhu.d aud 
the tongue accpures a moist, BradUy.) 

cn'amy fur, wliich, as the fever 

})rogresses, tends to become dry and yellow. In this condition the 

patient may continue for from one to three or four days, the fever 
declining somewhat after the first day. 

In a proportion of cases, and particularly in certain epidemics, 
crisis does not occur, the fever slowly declining during a period of 
three or four days. 

tdtage of reniisaion. — ^\dlen the second stage is established and 
the thermometer has sunk to normal, the patient is sufficiently well 
to leave his lied and even to attend to business. The tongue clears, 
and the appetite and sense of well-being return to some extent. 

Terviinal jever and crupiioji. — The state of comparatively good 
health continues to the fourth, fifth, sixth or even to the seventh day, 
counting from the onset of the illness. Then there is generally a 
return of fever, slight in most cases, more severe in others. With 
the recurrence of the fever an eruption of a rubeolar character, 
consisting of dark, dusky spots, appears. The pains likewise return, 
perhaps in more than their original severity. Though the fever 
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subsides in a lew hours, the eruption, at times very evanescent, may 
keep out for two or tliroo days longer, to be followed very geiuTally 
by an imperfect furfuraceous des(|uamation. 

Cliaracicrs of the eruption,— The terminal (‘rupiion of dengue 
possesses very definite characters. It is abs('nt in a very few cases, 
but in many, being slight, it is overlooked. Usually it commences 
on the palms and backs of the hands, extending for a short distance 
up the forearms. It quickly extends, and is best seen on the back, 
chest, upper arms (Plate Vlll, Pig. 2), and thighs. Here it appears at 
first as isolated, slightly elevated, circular, reddish-brown, rubeoloid 
spots, I to I in. in diameter, thickly scattc'red over the surface, 
each s})ot b(*ing isolated and surrounded by sound skin. There may 
be a general coalescence of spots, isolating here and there patches of 
sound skin : in this case the islands of sound skin give rise, at first 
sight, to the imj)ression that they constitutes the eruption — a pale 
eru})tion, as it were, on a scarlet ground, giving an appearance of a 
condition “ midway between scarlet fever and measles.” The spots 
disappear on pressure, and never, or rarely, become petechial. Tlay 
fade in the order in which tiny appear — first on the wrist and 
hands; then on the neck, face, thighs, and body; last, on the legs 
and feet, but may still be visible for three wc^eks after recovery from 
the fever. 

Desquamation may go on for two or three weeks. In many it 
is trifling in amount ; for the most part it is furfuraceous. 

At this stage the characteristic slowing of the pulse, which may 
fall as low as 44 per minute, and the leucopenia, which may fall as 
low as 1 ,‘200 leucocytes, are noted ; the latter is due to a marked 
decrease of the polymorphonuclear cells, which may be rfaluced to 
40 per cent., and to a relative increase of the lymphocyte's. 

Eheumatoid pains persist for some time after convalescence has 
been established. They are usually w^orse on getting out of bed in 
the morning and on moving the affected part after it has been 
at rest for some time ; they are relieved somewhat by rest and 
warmth. In some cases a periarthritis of the knee- or ankle-joint, 
which may cause considerable disa-blement, does not clear up for 
several months. Dengue pains remain in tla^ small muscles of the 
hands and soles of the fec't, probably located to the de(3p fascia. These 
pains in the feet eventually wear off on w^alking. 

Convalescence may be very much delayed by anon^xia, general 
debility, mental depression, sleeplessness, evanescent feverish attacks, 
boils, and urticarial, lichenoid, and papular eru])tions. 

In Europeans an attack of dengue very often leads to a condition 
of debility, necessitating temporary change of climate, or even return 
to Europe. 

Variability of epidemic type . — Judging from the published de- 
scriptions, there is considerable variety in the symptoms of this disease 
in different places and in different epidemics. Some authors mention 



DIAGNOSIS : TREATMENT 


401 


swelling and redness of one or more joints as a common and prominent 
symptom ; others refer to metastasis of the pains, enlargement of 
submaxillary glands, orchitis, mental depression, luemorrhages, and 
so forth, as being frequently present. However this may be, the 
essential symptoms in w^ell-marked cases are the same practically 
everywhere and in all epidemics, viz. suddenness of the rise of tem- 
p(Tature, an initial stage of skin congestion, limb and joint pains, 
and a tiTininal rubeoloid eruption. 

In the com{)aratively recent Athens epidemic, it is stated, some 
of the following clinical manifestations were noted ; (iastro-intestinal 
disturbaiK^e, vomiting, ex)igastric pain, hiccough, luemorrhage into 
skin and mucosa, and complications such as parotitis, otitis, furun- 
culosis, and broncho-pneumonia. In some acute cases with early 
and s(‘vere gastro-intestinal phenomena, bleeding from the gums and 
ha*maic‘mesis was noted. True encophalitic symptoms have also been 
descrit)ed. 

l\cla])scs an^ not uncommon in dengue, and second and even 
third attacks during the same epidemic have been recorded. As 
a rule, howev(T, susceptibility to the disease is exhausted by one 
attack. 

Immunity. — Schule pointed out that certain of his volunteer 
American soldiers proved remarkably resistant to experimental 
inoculation with the dengue virus, and these w^ere individuals who had 
for some time been resident in an epidemic area of the disease, and 
probably this immunity is due to previous mild attacks of the fever. 
I’he immunity in dengue does not last more than six months ; it 
thus differs from that of yellow fever, which is life-long. 

Mortality.- -In uncomplicated dengue the mortality may be 
said to be almost nil (0‘J per cent., Hare). During the DJ28 epidemic 
in (Jrei'ce, Cardamitis gave the mortality-rate as 1 : 61,000. 

Diagnosis. — Dengue must not be confounded with yellow fever, 
liift Valley fever, rbthcdn, scarlatina, measles, syphilitic roseola, 
inlluenza, cerebro-spinal meningitis, typhus, hiemorrhagic smallpox, 
enteric, phlebotomus fevtT, seven-day fever (leptospirosis), rheumatic 
or malarial fever. A knowledge of the distinctive features of these 
diseases, and the fact that dengue is attended with a rash and with 
articular pains, and that it occurs in great and rapidly s])reading 
epidemics, should j)revent any serious error in diagnosis. 

Treatment. — \Vere it possible to secure perfect isolation and 
immunity from mosquito-bite for the individual during an epidemic 
of dengue, doubtless he would escape the disease. Even comparative 
isolation is attended with diminished liability. 

Like the allied fevers, dengue runs a definite course ; therefore 
it is usel(*ss to attempt to cut it short. The patient should go to 
bed as soon as he feels ill, and should keep his room till the terminal 
eruption has quite disappeared and he feels well again. Ten days is 
not too long to allow in severe attacks. As in influenza, light liquid 
26 
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diet, rest, and the avoidance of chill conduce powerfully to a speedy 
and sound convalescence. At the outset of the fever some saline 
diaphoretic mixture, with aconite, may be prescribed with advantage. 
If the pains be severe and the fever high, antipyrin, or j)lienacetin, 
belladonna, or vinum colchici (15 min. t.d.s.), give great relief. Cold 
applications to the head are comforting. If the temperature rises 
to 105° F. or over, cold sponging or the cold bath ought to be resort(‘d 
to. If the pains continue very distressing, a, hy])odermic injection 
of a minute dose (,\, gr.) of morphia will afford welcome relii‘f and 
do no harm. Purgatives and emetics should l)e avoided unless })ro- 
nounced constipation, or a history of surfeit, urgtnitly demands their 
exhibition. In the Athens outbreak urotropine in full doses was 
given in the early stages, and if pains were severe, as})irin, pyrainidon, 
and caffeine. For cerebral symptoms, which in some })atients niiglit 
be an important feature, bromides and strophanthus are indicated. 
The pain caused by the muscular movemtaits entailed by the efiicient 
action of j)urgatives more than counterbalances any advantagt^ the 
latter might otherwise bring. Wine in the (‘arly stage* is not advisable*. 
Freshly-made lemonade, or iced water, will be found an acceptable* 
drink during the fever. 

For the pains ex])erienced during convalescence, rubbing with 
opium or belladonna liniment, gentle massage, electricity, salicylates, 
small doses of iodide of potassium, have been advocated. Debility, 
or anorexia, indicates tonics, such as quinine, strychnine, mim*ral 
acids, or vegetable bitters, and change of air. 

Prophylaxis is the same as for yellow fever and for other mosquit o- 
borne diseases, and is directed against inf(*ct(‘d nios(]uito{*s. 

Prophylactic moculaiion. — St. John and Holt attem})ted to ])roduce 
a dengue vaccine. This vaccine from tin* liv(‘r and spleen of dengue- 
infected monk(*ys did not protect volunteers from an attack of dengue : 
but there was evidence that these attacks in tla^ inoculatt*d wt're 
very mild ones. The possibility of producing an attenuated tissue- 
culture virus vaccine should be considered. 
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PHLEBOTOMUS FEVER 

Synonyms. — Pa])alaci Fever; Tliree-day Fever; Sandfly Fever, 
Fisease.” 

Definition. — A speeifie fever of short duration and no inortality 
eaiiscd by a \ irus inlrodiuaai i)y tlie bite of t}j(* sandtiy {PJiIehotottins). 

History. — This disease has been reeogni7.ed clinically for upwards of a 
(•(‘iiiurv, and dc'scribed under a variet}' of local names ; but its definite* relation 
to its transmitting agent, although suspected by McCarrison in Chitral in 
Ifinlb was not establislied till 190S, when Foerr published his obse^rvations, 
since contirmt'd by Kilroy. on the infectivity of the blood in this form of 
fever and th<‘ rbh* of the sandtly as transmitter. Whittingham has described 
minutely th(‘ various stages in the life-history of the phlebotomus, and has 
sue(‘(‘(*d(‘d in nviring th(‘se insects in captivity. 

Geographical and seasonal distribution. The range of 
jihlebotoiniis f(‘ver is ]>rol)aFly eo(‘xt(‘nsive with that of the insect 
transmitter. In the tropics it may break out at any time us an epi- 
d(unie amongst new arrivals ; in the suldropics it occurs only or 
princij)al]y during the suinmiT and early autumn. Natives of the 
endtuiiic anai appear to be immune. Where the ])hleb()tomus is 
absent, e.g. Permuda, this fever is not found. In some phlebotomus- 
liaunted ])lac(‘S as many as 50 per cent, of new-comers are attacked. 
This fever was much in evidence during the (Ireat War, in Gallipoli, 
Salonika, the /klgean Islands, Egypt, Palestine, Syria, Iraq, 
and India, hut there is no record of its o(*currence among troops in 
East Africa. \\’idely distrilnited in Africa and Asia, sandtly fever 
is found in the C-aucasus, Chitral, and Hit? Flimalayas, up to a height 
of 4,000 feet . In the? New World it lias recently been found in Northern 
Argentina. 

.Etiology.- The germ resides in the patient’s blood during the 
first two days of the ft‘V(*r. It is ultramicroscopic, passing through 
filters wliicli arn‘st Brucella melitcnsis. According to Doerr, the virus 
is transmitted hereditarily through the egg and larva of phlebotomus 
to the imago ; this, liowever, has not been firmly established. A 
short sliarp f(?ver has been jiroduced in monkeys after intravenous 
injection of sandlly-fever blood. In Egypt, it is said, a similar fever 
exists in cattle, but it is doubtful whether three-day fever of cattle, 
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also called den^^ue of cattle, has any relation to sandfly fever. Little 
is as yet known in regard to the physical properties of the virus. 
According to Whittingham, the virus may survive the winter, either 
free in the soil, or within the bodies of plebotomus larva? which inhabit 
such sites as moist soil and porous walls. The larva is thought to 
extract the virus in feeding upon tlie fieces of the adult fly ; l)ut 
Moshkovsky and his colleagues in ]\Ioscow liave r('cently shown that 
the virus may be transmitted by the femal(‘ Phlebotomus to the egg 
and so to the larva. This is the only instance in which an animal 
virus has been transmitted hereditarily l)y an insect vector. This may 
be an important epidemiological consideration and may ex])lain the 
suddenness and extent of oiitbnuiks of sandtlydever in tht? Indian 
frontier in the spring months. In one case, infection followed the bites 
of female sandtlic's that liad just hatched, thus disproving th(‘ suggestion 
that the virus is only transmittcal after the* sandfly has already digest(‘d 
a meal of blood. 

Shortt, Poole and Stephens have shown that, as with d(‘ngu(;, tlu‘ 
sandfly-fever virus can pass through L3 and L5 C'hamlaTland filters, 
and that th(‘ virus is j)res(‘iit in the blood during t]j(^ first and second 
day of the disease. They provtal that it can survive oufsidi' the body 
for sixty liours. 

Reprcs('ritatives of the genus Phlehotoinu-^ are to he found in most tropicjil 
and subtro[)ieal countries. Ilie various species are usually designated 
“ sandflies.” 'khey are exceedingly minute, very flelieate greyish, or hrow nisli. 
somewhat slenderly-built insects that bite f)rincipally during the night aral 
that can pass easily through the mesht^s of an ()rdinarv moscpiito-net. dlie 
powers of llight are feeble ; more usually the insects })rogr(‘ss by a, seri»*s of 
short skips. 

P. pajmiasii, the spetatvs on wiiicli Doerr’s observations wiae made (hmu'c 
one of the names for the rhsease, jjapataei fever), lays about, foity eggs 
selecting for the purpose damp localities such as t he w alls of cellars, of latrines, 
cesspools, crevices in walls, eaves, and emhankmemts. The cvcl(‘ of (‘gg, 
larva, and imago takes ribout one month in warm and uj)\vards of two months 
in cooler weather (.syc pp. 997-1,000). 

There has been much confusion in the noincmclature of th(‘ various specic;s 
of Phhholomus, and it has not been determined which of then\ other than 
P. pajjdifhsi/i, conveys the infection. The insect can transmit the infection 
after an incubation period of six days. 

Pathology. — Dengue and phlebotomus fever have se venal important 
points in common, a circumstance sugg(3stive of the possibility of a common 
or, at all events, a similar origin. Kacli is transmitted by an insect ; their 
germs occur in the blood-stream and are filterable ; they are diseases of 
warm climates only ; and clinically, they are characterized by a sliort incuba- 
tion period and a brief and rapidly developed fever w hich is usually associated 
with relatively slow pulse and leueopenia, and relative decrease of the poly- 
nuclears. There is no evidence that thciso diseases are irmtualiy protective. 

Symptoms. — The bites of the saridtly occasion a considerable 
amount of irritation, resulting in hyperaunia and even in oedema. 
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After an incubation period of from four to seven days, with or without 
a prodromal stage, the fever is ushered in suddenly by slight or more 
severe rigor. The face becomes flushed and swollen, frontal headaclie 
is intense, and there is usually severe general aching and stiffness 
in the back of the neck. Pain at the back of the eyes, accentuat(id 
by pressure on the globes or by the least movement of the head, is 
characteristic. Supraorbital lieadache is also quite common. ^I'here 
are influenzal ])ains in the back and legs and general stiffness of the 
muscles — more rarely the pain is referred to the epigastrium. The 
patient is drowsy, l>ut suffers from insomnia, l^he conjunctiva; are 



Chart 20. Phlebotomus fever showing prodromal period, typical 
attack, recrudescence and bradycardia. {Lamhcrt, JL l\<n/. Xar. 

Med, Scr.) 

SO injected that they have been likened to those of a mastiff. The 
tongue has a central fur. The fauces and palate are often congested, 
and are studded with small vesick's. In from twenty-four to thirty- 
six hours the temperature has reached 108-104° F. (Chart 20). It keeps 
about this point for a day longer, and then begins to fall, with or 
without epistaxis, vomiting, sweating, diarrhma, reaching the normal 
about the end of the third or beginning of the fourth day. Tlie patient 
continues debilitatcal, especially mentally, for a week or two longer. 
According to Lambert, ilie name “ three-day Ln er,” as applied to 
the disease, is quite misleading, since the pyrexia! period may occasion- 
ally vary from two to eight days. 

The blood-picture shows a slight leucopenia without serious 
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alteration in the number of mononuclears. The pulse-rate is relatively 
slow. Bradycardia is noticeable by the second day of the disease, as 
soon as the patient complains of luuidache. 

No serious com]dications occur, but in sona^ years diarrhcx^a, in 
oth(>r years pharyngitis, is a feature of the epid(anic. ('onstipation, 
vomiting and stiffness of the muscles at the back of tla^ m'ck, are not 
uncommon symptoms. An attack would setan to confer a certain 
amount of immunity, though second attacks are ])y no means 
uncommon, but are milder than the })rimarv ones. Shortt has j)rov(‘d 
that a cerlain degree of iinmunity is produced and persists for one ye'ar 
after an attack. 

Le Gac and Albrand have found that tlie C(r(*bro-spinal fluid is 
under increased pressure and shows from 10 to f20 lynjpliocytos per 
cu.mm. Albumin is always incn'ased and tlie^ chloride's slightly 
decreaseel. 

There are no important seepiela^ save that the* ele*bility which 
ensues in some indivieluals is epiite out of ])ro])ortion to the inte'iisity 
anel eluration of the initiitl attack, '^fhe* me)rtality is nil. 

Diagnosis. — It is e*xtrernely difficult in the* e'arly stage's to 
distinguish this lexer on clinical greumels fre)ni malaria (espe'cially 
subtertian), from ])ara<y})he)id, de*ngue, tyjdius, and influenza. In 
ty])hus the greater hebe'tiide, and in intiuenza the' re'spiratory catarih, 
must be take*n into ceaisideratie)!!. 

Treatment. — Tlie most valuable drug in the* tn*atine*nt of sandfly 
fever is oj)ium ; dO dro[)S of the liejueer opii se'dalix iis may be' gi\e*n at 
the onset. It gre-atly relieve'S the he'aelae-lie'. (hiiniiu' is use'le'ss. 
Tincture of iodines she)uld be applieel to the* bite*. The* he*adache has 
beeui relieved l)y lumbar j>uncture. 

Prophylaxis. — As it would ap])ear that phlejbolomus lexe^'r is a 
dise*ase of locality, house's anel place's be‘lie*ved to be* infe*ct(*(l should 
1)0 av'e)ide*d anel, where; j)e)ssible, elisinfe*cte*d. 

With a. view to diminishing the local sanelfly pest, all rubbish 
should be burne'el e)r e)the‘rwise‘ geet rid of ; ruinous walls elemiolislie'd, 
the e'racks in walls tille*d in with tar or me)rtc.r. latrine's smoke*el with 
sulphur fumes and [)ut into sanitary condition, aiid dark eiamp {)lae'es 
dried, whit ewashe*d, and ventilated. Ne) garele'iis e)r e'ultiv ate'el ground 
she)ulel 1)0 permitte*el in the immediate vicinity of buildings, and cre*e'pe*rs 
should ne)t be allowed to grow em barrack walls, ddie* aelult flies e*an 
1)0 killt'd in numbe*rs by “ swatting.” By these and similar me'asure*s 
mue'h can be de)ne' to contre)! the; infeedion. Ihdort imate*ly, a mosejuito- 
nct having a mesh sulhci(;ntly small (i.e. 45 hole*s te) the; inch) te) ke*ep 
out sandflies is inte)lerable to a white man in a, hot e'iimate. As the 
I)hlebotomus dex^s not fly higher than it) ft., the* reanoval e)f inmates 
to an upper ste)ry is a v(*ry (;ffectual jereventive; nie*asure. It is saiel 
that a lump of cani])hor pla,e*e;d in the bexi re])e*ls tlie; insee*ts. Of the; 
repellemt ointme*nts in use; for application to the* skin, the following 
is considered the meist eflicaedous (Balfour) : 
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li 01. anis. . . . . i 

01. eucalypt. .... aa TTliii (0*18 c.c.) 

01. terebinth. . . . J 

Lanolin. . . . . (^I'l grm.) 

Choyce recoinmeiided 5-per-cciit. thymol made up with firm w^ax 
into a caiidl(‘ and nihhed into (Ik^ skin, where it forms an oleaginous 
(M)vering, as an exct'lkmt general prophyhndic; measure. 

In the Lritisli Army in Egypt and in India the otlicial antimosquito 
cream <lescrihed at ]>ag(i 184 is considered most effective, and least 
disagre(‘al)le as a repelEnt (Manifold). It should be smeared on the 
face, hands, and other (expensed j)arts. 

To reduce the incidenc(‘ of sandtly-bites general measures should 
be institut(*d. Shorts should liot be worn after sundown, wrists 
and ankles should be snu'ared either with the above ointimait, or 
with “ v(‘rmi j(‘lli,” or oil of citronella. Wellington boots worn after 
dusk afford a good protection to k'gs and ankles. 

Air-(*urrents have a marloal ('fleet on sandflies, and Whittingham 
has shown that the most eflective way of ridding (juarters of these 
pests is to create a strong current l^y means of electric fans. 
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THE POCK DISEASES 

At the j)resont tiino tlic' classical ty])c of siiiallpox is confined almost 
entirely to tropical and subtropical countries, where the prevent i\e 
measnn's responsible for tb(‘ d(>cline of this disease in temperate* 
climates are more dilFicnlt to carry out. In Eritish India, for example, 
the number of cases of variola rejjorted durinji^ the* ye'ar IbdS was 
8*2, G40 with a mortality of 27 ])e*r cent. During the same pcTiod tlu're 
wore severe outbreaks in China (Hong Kong and Slianghai) and in 
Nigeria ; and a mild form of the dise'ase* with no fataliti(*s was ])revalent 
in the southern stat(*s of the United State's. 

During the last few velars much has heen learnt about the nature 
and properties of the causal agents of the pock disease's. The^ gre*at('r 
]»art of this work has leeeii carried out with vacciniii. and it is the're'fore* 
iK'Cessary to define at, the e)utset. the' re'lationshij) be'twe'en tliis virus 
and variola. That sniall|)ox and all the animal ])ock dise'ase's are 
closely related is certain. Vax'cinia may be* re'gardeal as tla* virus in 
ifs original form from whie*h the* more* comple*x viruse'S, including 
human variola, lia\ e evoh t'd and to which the'v rc've'rt wdu'ii passe'd 
through th(' c'ow or calf. Variola virus has also be'e'U converted into 
an attenuatt'd foriii by inoculating human infe^'Ctive mafe'rial info 
monkeys and then inoculating filtrate's obtained fron^ the* monke'v 
lesions intratesticularlyinto rabbits. After a, numbe*r of passages in 
the rabbit testis the virus is able te) prealuce a conllue'iit eru))lion wlu'ii 
rubbed into the fre'slily-shaved skin of th(*se animals. ^This strain of 
virus is indistinguishable from the classical strains of vaccinia which 
were obtained by j)assage threuigh calve's ()^ human small])ox, or naturally 
occurring cowpox. 4'hec transition from variola t,o vaccinia is, fortu- 
natc'ly, not reversible, so that once a strain of virus has be'cn adajete-d 
to the calf or shee'p it can be' inoculated into man, })re)eluciiig in him a, 
mild illness which renders him subsecpu'ntly immune' to the* xiruh'iit 
form, smallpox. On rare occasions vaccination givers rise* to a 
generalized pajmlar or vesicular eruption with severe ceenstitutional 
symptoms which may terminate fatally. 'J’his condil ion is helien ed to 
be due to an abnormal susce^ptibility to vaccinia, and not to an increase 
in virulence of the virus. 

Nature and properties of the causal agent. — Tlu* infective 
agent of vaccinia is a spherical body, measuring about ()'17 /x in 
diameter, to which the noncommittal term “ ek'uuTitary body ” is 
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appliod pondinp: the setilermnit })y further research of the much-dispated 
{|ii(‘slion whether virus(‘s sliould he regarded as inicro-organisms or 
iijMcro-inoleeules. Tliese bodies were hrst seen and described in 1887 
by Dr. John Jhiist of Kdinburgli, who found them in the vesicle fluid 
of smallpox and vaccinia. In 1900 they w<‘re rediscovered by Paschen 
and an? frequently refernal to in the literature as “ Paschen bodies.” 
It is only during th(‘ last f(‘W years, however, that the bodies have been 
J)rov(^d to be tlu' causal agents, ^fethods have now been evolved of 
preparing pure suspensions of the ehanentary bodifs from the skin 
lesions produced in rabbits and shf‘ep by s})ecially-s(‘lected strains of 
vaccinia, virus. These })ure suspensions have f>een emj)loyed in recent 
studit‘s of tla* physical, clamiical and biological properties of the virus, 
arid lh(‘y arc also being used ex[)erim(‘ntally in placi^ of crude lymph 
for jirophylactic immunization against smallpox. Chemical analysis 
has shown that the ckanentary body is composf-d mainly (jf nucleo- 
proti'in together with a carbohydratt* and a lipoid fraction. Highly- 
fiuritied sus])ensions of tlu* elenaaitary bodies contain phosphatase and 
catalase*, and tliese enzymes an' beli<*vtal to lie* inhereait in the* virus ; 
no (hdiydrogenase activity has bi‘en (hmamstrate'd. Se'dimentation 
photogra])hs of elementary body suspensions, obtained with the 
S^('(lberg centrifuge, show fairly W('ll-delined boundari(‘s, indicating 
that tlu‘ v ariation in siz(‘ of tin* particle's is \ t'ry small. The* bodie*s 
have* an unusually high e*harge and el(*e*trophoretie‘ mobility ; they are 
also exe*<*])tionally se'iisitive te> flocculation by salts. Although their 
size* is below the limit of optical re'solutiem for visible light, they can 
readily be se'eii with the dark-gre)unel microscope. 

W'he'ii inoculated by inunction into the skin, the ('lementarv bodies 
})e‘m*lrate* the' cytoplasm of the e‘])idermal cells anel there* proct‘e‘el to 
incre'ast' in number, thus producing, jie'rhaps with the aeldition of 
material eh'rivod from the infe'cted cell, the* seecalle'd acidophil inclusion 
be)dy whie'h was eh'seribt'd long age) by Ciuarnie'ri. dda* ])resenee e)f the 
virus within tin' e*e‘lls cause's the' latte'r te) incre'ase in size' and also to 
prolife'rate fn'e'ly. J'his incre*ase' in thie'kness of the* e*pide*rmis together 
with ei'de'ina and by hyj)e'ra*mia e)f the subjacent elermis is responsible 
for the* j)apule'. Pate*r, the* ce'lls forming the* centre* of the* })a})ule 
ele'ge'iierate* anel liepiify, thus jireeelucing the' characteristic vesicle, in the 
tluiel e'onte-nts e)f which the* e'le'uu'ntarv boelie's are* fe)unel in e‘ne)rme)us 
numbers, ddie* ve'sicle* is rapielly ce)nverte*el into a pustule by the 
immigratie)!! eef inllammaleery ce'lls, mainly polymeirphs, derived from 
the elermis. The tluiel ])re)viele'S an e^xcellent culture medium for 
staphyle)ce)cci and eithe'r e)rganisms anel the le'ucocytic res])e)nse is 
largely due te) this se*conelary infe'ctieen. In non-fatal cases the crusts 
e)r scal)s which se'parate* afte*r the* pustule has dried ceintain active 
virus. The high infectivity of smallpox, however, is probably not due 
to disseminatie)!! e)f the crusts but to le^sions present in the moutli, 
threiat anel lungs. The exjiireel air e)f patients suffering from variola 
has been sheiwn experimentally to contain elementary bodies. The air 
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ill the vicinity of the patient thus hecoines c.harg(Hl with niieroscopic 
droplets of water wdiich he has exhaled. These droplets evapora,t(^ 
leaving the elementary bodies suspended in the air wduTe, being so 
minute, they may remain for long pcu’iods. A susceptible ])ersoji 
breathing such contaminated air Ix'comes rt'adily infected. Contact 
with fomitos is undoubtedly responsihh^ for some infections, but tlie 
epidemiological characters of tlie disease can only Ix^ fully exi)lain(‘d 
by the assumption tliat the virus is air-borne. 

Yaccination and variola, in common with other viruses, cannot lx* 
cultivated in the ahstmce of living susct^])til)h‘ cells. Th(‘ virus can h(* 
grown readily in tissue cultun^s of rabbit t(‘st is or corix'al (‘pith(‘lium 
and proliferation also takes place in a fluid nx'dium (‘onsisting of rabbit 
serum and Tyrode’s solution to wdiich small amounts of minced rabbit 
kidru'y or testis hav(‘ lx‘en addixl. Vaccinia also grows without 
difficulty when it is implanted on tla^ chorio-allantoic nxunhrane of tlx* 
develoj)ing chick embryo. Moth of th(*st' methods hav(‘ Ixm'II used 
successfully as a means of procuring a sup])ly of hactiTia-fnn' virus 
material for jirophylactic immunization. This culture virus may he 
inoculated by scarification in the usual way or it may lx* injected 
intracut aix'ously. ^.flu^ latter metlxxl has the advantage of leaving no 
scar hut sinc(' a vaccination scar is the one infallible sign that a person 
has been immunized against smallpox, it would increase tlx* difticultx*s 
of controlling an e])i(h*inic, (‘sp(*cially among coloured ract'S. There 
is evidenc(‘ that strains which hav(* Ix'eii grown in ritrOy or on tlx* (*gg 
membrane for a long tinx*. become* a.ttenuat(‘(l so that they may fail 
to induce a good immunity when inoculatt‘d into iiian. (h*neralized 
vaccinia has been kix)Wii to (x*cur as the n‘sult of \accination with 
virus grown on tlx* chick <‘mhryo. 

Laboratory diagnosis. - Klenx*ntary Ixxlies can r(*adily he 
demonstratt‘d in the v(*sich‘ tluid by nx‘ans of tlx* dark-ground luicro- 
scop(*. The t(*chni(px* is the same* as that us(*d for tlx* d(‘t(‘ction of 
spiroclaetes. re'rmaix'iit ])reparations are Ix'st ])repan‘d by using 
Gutst(*in’g method : 

Solutions needed. — (u) 1-per-cent, methyl viok't in distilled wat(*r. 

{b) 2-jx*r-ci*nt . NaHC’Oa. 

Technique. ~A drop of tlx; v(*sicl(; tluid is s])read on a ]x‘rfectly chxin 
microscopic slide in the niamx‘r used for making a blood film. Dry 
films in the air or in an incubator, llinse the film in physiological 
saline and then with distilled water. Dry. Fix film in nx*thyl alcohol 
(or ethyl alcohol) for half an hour or more, idace* slide in a dry Tetri 
dish. Mix equal ])arts of solutions (a) and (//) in a t(*st. tulx*, lilter at 
once on to slide, cover dish with lid and incubate at dT ' (.k for twamty 
to thirty minutes, liinse in distilled water, dry and mount in cixiar- 
wood oil or liquid paraffin. The eleimaitary hodi(‘s are staiixxl distinctly 
and intensely a light violet colour. 

The finding of elementary bodi(‘s in the vesicle fluid is of no value 
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in difforeiitiaiing smallpox from varicella since the infective agent of 
tli(‘ latt(‘r diseases nho takes the form of elementary bodies and the 
two virns('s an^ indistinguishable under the microscope. 

^^h(^ Ix'st known m(‘thod for the s(;rological diagnosis of smallpox 
is that of Gordon, Craigii‘, and ^tulloch. The pocks are lightly scraped 
with a scalpel and th(‘ mat('rial so obtained is suspended in saline. 
^Th(‘ suspension is clarilicnl by light ccaitrifugation and then mixed with 
a, s(‘ri(‘s of dilutions of rabbit anti-vaccinial serum. The tubes are 
incu halt'd at 37"^ V. A ])ositive reaction is marked by the appearance 
of a iinely-lloccular [trecipitate. The rt^action is specific for variola 
and vaccinia ; it is jtrobably a mixed preci[)itation and agglutination. 
Diagnosis may also bo made by the complomont-tixation test, using a 
suspension of the crusts as antigen. 

The serum of a ])atient who is nH*(jv(‘ring from an attack of smallpox 
contains agglutinins which react specifically with ^■ariola elementary 
bodies. Thes(^ antibodies are not jtresent in detectable amounts until 
the secoiul week of the disease, and the reaction is therefore of little 
diagnosi ic value. 

Serological iik'IIkkIs have so far faihal to discover any antigenic 
difference between variola major and variola minor. It is thus evident 
that tile diagnosis of smallpox must la^ made mainly liy clinical methods 
but that lalxu’atorv tests may be of use in doubtful cases. 


A Xorn ON the Theatment of Variola 

The mortality from small[)ox, ex(duding the severe toxic and 
laemorrhagic forms of the disease, is largely dm^ to secondary pyogenic 
infection of the respiratory tract, bmergetic measures to combat this 
secondary inf(‘ction should be commenced at an early stage. In 
sulphanilamide we now ])ossess a highly-effective chemotherapeutic 
agent against streptococcal infections, and this form of treatment 
should ])rove of great value in smalljiox. The use of sulphanilamide, 
howev(‘r, is not without danger on account of its toxic properties, and 
its administration to jiatients wlio are already stTiously ill would have 
to be undertaken with caution, (dinical rejiorts on the value of the 
drug in the treatment of smallpox are, in a limited number of cases, 
favourable. Drug treatment should possibly be combined with the 
inj(H*tion of largt' doses of concentrated multivalent antistre])tococcal 
serum. 

ddie treatment of smallpox by potent antivaccinial serum has as 
yet not received tlu^ attention wliicli it appears to deserve. Such 
treatment would need to be given earlv, since the secondary fever and 
its attendant dangers would obviously not be intluenced by it. Anti- 
vaccinial serum of high potency can be prepared by immunization of 
the horse, and it can be concentrated by- the usual methods of serum- 
protein fractionation. 
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ALASTRIM 

Synonyms. — Aiuaas ; Kaffir Milkpox ; West Indian Modified 
Smallpox : Parasmallpox : Variola minor. 

Definition.- This disease has been noted by many writers as 
occurring in the West Indies and South Africa. 

The name is derived from the Spanish alasicr, meaning to scattiT 
or strew over (referring to the distril)iition of the rash). It is a disease 
of little or no mortality, and resembles smallpox in its most mitigated 
form. Indeed, the individual case of this disease is clinically identical 
with a mild case of smallpox ; the diseases can only he distinguished 
one from the other in the mass. 

Geographical distribution. — The disease has been nKamhal 
from the West Indies, South and Central America (esjaadally Brazil), 
Africa, tla^ T^Iediterranean anai, and during the last 20 years from 
time to time in (ireat Britain. I’he most nott'worthy epidemic was 
the one which occurnHl in Trinidad in 1902. 

Epidemiology.— A striking difference ladwcnm classical smallpox 
and alastrim is seen in the rate of progress through an unv accinatcal 
community. Smallpox becomes rapidly e])id(‘mic, wluTeas alastrim 
can only b(' said to “ smoulder,” alternately waxing and waning, 
l)ut never attaining nailly epidemic pro})ortions. This, no doubt, 
d(‘pends upon th(^ infectivity of the two ^druses. Then* ap])ears to 
be no seasonal incidence. 

The s})read of alastrim is brought about by intimate contact and 
overcrowding. 

Etiology. — Alastrim is very infectious to man, and attacks both 
sexes : no racial immunity has becai observed. Tht' causative organism 
has not been discovered, though (luarnieri bodi(‘H have been descrilaal 
from the lesions {see p. 410). The virus is inhrtive undcT experimental 
conditions for monkeys and calves, and ])ro(hices h'sions wIkmi inoculat('d 
into the cornea of rabbits. The crusts off the ])()ck's are belie\(Hl to 
conva^y the virus of the disease. I’he infecdious agent i)rol)ably r(‘sid('S 
ill tla^ nasal and buccal secretions at an early stage of tla^ dist'ase. 
Vaccination is j)rotective against alastrim in a M'ry high degn‘e. 44iis, 
and the fact that two attacks may occur in the sana* individual, are 
common l)oth to alastrim and to smallpox. 

Pathology. — 44io lesions are present on the buccal mucous 
membrane, as well as on the skin, and may extend from the palatt^ 
down the trachea into the bronchi. The actual pocks ajipear 
to involve the skin tissues to a degree intermediate l^etween those 
of chickenpox and smallpox; they rarely leave any S(‘arring behind. 

Symptoms. — The incubation period averages about fourtefui days ; 
prodromal symptoms may or may not he })res(^)it. When ()bs(‘r\’(*d, 
they are those of an influenza headache, with g(ineraliz(‘d aclu'S and 
pains. Severe headache, vomiting, and rigors, ty])ical of the onscd- 
of smallpox, are rarely noted. The eruption commences usually on 
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iho third or fourth day, hut in some cases there is a complete inter- 
mission of all symptoms, during Avhich the patient may return to his 
duties und(‘r the impression that lie has recovered from an attack of 
influenza ; aft(*r tlie laps(‘ of the quiescent period the eruption appears 
first on th(‘ face and [lalate, then on the hands and arms, and later on 
the low(‘r exlnunities. Thus, in these cases there is a prodromal 
period of S(iven or eight days. 

Individual Irsions . — The jiapules can be pal[)ated under the skin 
even hefon* th(‘y are visible. As a rule, the eruption appears in one 
crop, and closely r(‘senibles that of smallpox in every re^spect, any 
differences being due to the more superficial situation of tlie patho- 
logical process in the skin. I’he jiock may b(‘ umbilicated, but collapses 
more coinpkdi'ly on Ix'ing punctured than does the smallpox pustule, 
that is to say, it is l(‘ss definitely multilocular. l)rying or crusting 
begins at about the end of tin* first \v('ek. and crusts have usually 
fallen by th(' end of the second or third, at which jxu’iod the patient 
is considenxl to b(‘ fre(‘ from infection. 

The rash naturally differs somewhat in appearance {see Plate X), 
when it occurs on a dark skin ; the individual pustules, when ripe and 
full of pus, show as light cr(*aniy-coIoured areas, in contrast to the 
dark purple of the surrounding inflammatory zone, and appear as 
})ear]s ujxin a dark background. 

] >isfrihui ion of the vruyiion. — This is identical with the distribution 
of the smallpox eruption, which is centrifugal, and it at once serves 
to distinguish alastrim fr(»m chickenpox, the rash of which has a 
cei 1 1 ri } )e t al distribution. 

As in smallpox, tlu^ most jirotected parts of the skin are most 
frc'e from eruptions, i.e. axilla*, groins, and abdomen. The parts 
most afh‘ct('d are the face, scalp, shoulders, back, arms, and legs. 
Any })art which has previously lH‘en especially exposed to irritation 
is more ])rofusely affected : thus pocks are apt to cluster at the site 
of old burns or scars (Plate X). 

Confluent rashes may occur, but, though the appearance of the 
j)ati(‘nt is sonu'what alarming, his general health appears to be but 
little disturbt‘d. These cases may be associated with a considerable 
degree of h^ver. 

It has b(‘en noted by most writers on this subject that the fetor 
accompanying the rash of true smallpox is not present in alastrim. 

Prodromal rashes are absent. 

The mortality-rate is a minimal one ; in the series recorded it is 
about 0*45 })er cent. (Pibas and Moody). 

Treatment is symptomafic only ; patients should be isolated 
in a smallpox hospital or elsewliere. 

Prophylaxis. — Vaccination offers the most efficient method of 
protection against this disease, as in smallpox. In spite of the mildness 
of alastrim, it is considered desirable at present to treat it as a form 
of smallpox, and not only to isolate patients but to vaccinate contacts. 
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CHAPTF/li XXIII 

HEAT-STROKE AND SUN-STROKE 

Prelwiinart/.- Ijeoimrd Hill states that in liard muscular work 
the heat production is great and, wlaai Will (raiiuMl, a man does not 
burn more tJiaii one-tliird of the ('nergy consumed into worli, two- 
thirds going into la^at. An ill-traiiUMl man. on the other hand, has 
an efficiency no higher than a steam-engine, and coiivtals 10-15 pt‘r cent, 
of food energy into na'chanical work and wast(‘s the n inainder in the 
form of heat. Svveat cools tin' body l)y evaporation and e\ (‘ry gramna* 
of water takes up some 582 calories of heat in turning it into va])our. 

5ones and ^iankin, in their studii‘s on sulunariiu* viaitilation in 
tro})ical waters, found that during long suhnua'ged runs with high 
atmosplieric temperatures and a liigli relaliv(‘ Immidity, thos(' men 
who used electric fans suffered no discomfort, wliilst those* who were 
some distance removed wen^ distinctly uncomfortahk*, showing the 
beneficial effect of r(*moving the* envelope of moist warm air from tla* 
body and aiding eva])oration. 

C. J. j\lartin, in his work on li(‘at n^gulation in man, found that 
the mechanism is essentially an “ adjustable insulation.’* A com- 
fortably cloth(‘d individual, sitting in a room at PV’ (’. at 50 }»er 
cent, of relative humidity, loses 44 per c(‘nt. of (‘xct'ssive la‘at by 
radiation, 81 per cent, by ('onvection, and 20 per cent, by evaporation 
of moisture from the lungs and skin. A resting man produf'es some 
1.2 large calories of heat ])er minute*, which, if lost by e\aporation 
of moisture, must entail a loss from tia^ body of at least 2 c.c. of wat(‘r 
per minute. Strenuous work ncaa'ssitates the {‘va])oral ion of .tjeproxi- 
mately one pint of nmisture per liour, and therci must, lx* a corresponding 
intake of water by the individual. 

F. Marsh (1930) finds that in experiments on man complete 
saturation with water vapour, if the surrounding air is at a h‘mp(*rature 
of 90° F., causes an immediate and uncontrollahk* list* of body- 
temperature. Fembry (1926) has recorded the case of a man born 
without sweat-glands but otherAvise liealtliy : owing to almormal rise 
in his temperature he was unable to do muscular work in sunim(‘r in 
England unless his shirt had previously beiai soakt d in watt'r. People 
with ichthyosis an*, wxdl known to be intolerant of t.rojiical t emperatures. 
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And thus it (‘oiiies about that a normal man treated with atropine in 
tluTapeutic doses is easiy reduced to the same condition as a man born 
wifbout sweat-glands. Fatigue of the sweat-glands (Haldane) may he 
due to the low concentration of salt in the blood and to a consequent 
n^duction of the blood volume by abstraction of Iluid. A normal man 
of ()() kilos holds in his ])ody no less than 40 kilos of water, of which 
about four are in the blood, and if water is slowly abstracted from the 
blood, it is re])lac(‘d almost at once from the tissues. Men living in 
the Persian Gulf Littoral are exposed to a high atmosj)heric tempera- 
ture varying bi'twetui P25° V. and a minimum of 85° F. Henc(3 tlie 
kjuro])ean has to sweat continuously to keep his skin temj>eraturo at 
such a lev(*l that the circulating blood can be sulliciently cooled. l]nd(?r 
these conditions diuresis is so reduced that uriiu' is pass(‘d ptThaps only 
(HJce a day. 

Lh<‘ agi'iit is rcspoii.siblc for the phenomena of heat-stroke and 

heat -(‘xhaustion is, of course, heat : in other words, it is the luminous and 
dark eli'ctro-magnetic waves, exUmding from a wave-length of 5,(HX) to 

5.000 Arigstrom units in the visi]>le range, and below 8,(XX) A. to about 

20.000 A. in the invisible or infra-real range, [bright and dark rays of lu^at 
emanate* from the* sun ; infra-red from secondarily heated, moistur(‘-laden 
air, or from sun-htaited buildings or ground ; even from molten-metal con- 
taiiuTs in a foundry, or from a boiler surface ; from the walls of a deep mine, 
and from many ditferent situations in connection with the complexity of 
modern industry. 

Moist heat is the* most important factor, while the air tcmiperature, wind 
velocity, and relative* liumiditv are all of importance {see also p. 14). In 
calm air tlie^ normal human botly can sui)port an air-temperature of 100' F.. 
if the relative* liumielity is le*ss than 90 cent. ; 120^ F. if less than 40 per 
cent. ; and 140 F. if less than 15 per cent. But death occurs at 128"^ F. 
with a w ind velocity of 20 miles an hour, and at 117^ F. w ith a wind velocity 
of 50 mile's an hour ; sucli conditions are kne^wn to })revail in desert storms, 
such as the “ simoom.” Be)gers found that the mortality of patients with a 
temj)e‘rature' e>f 107 F. w iis 8.3 j)er cent., w ith a temiau'ature of lO?"" to 109^ F. 
w as 2{)-2 jK*r cent., and w ith a tempe*rature of over 109 ' was 69-2 per cent. 

It is a niatter e)f coiniuoii observation that illness due to exposure 
to heat in the absence of sunlight is coininon amongst workers in 
dei‘p mines and stokers in the stokehold of steamships. On the other 
hand, the blue-violet rays in sunshine have a noxious effect on patients 
suffering from pellagra and smallpox and cause photophthalmia and 
some blindness. Moreover experiments that have recently been 
made with sunlight show that the ultra-violet rays of the sunshine 
are capable of a much deeper penetration into the tissues of man 
than has becui generally supposed. A certain amount can be learned 
from the effects of high environmental temperatures upon animals 
occupying different levels in the biological scale. Thus frogs suffer 
from “ heat-stroke ” when the temperature of the w^ater rises to 104° ¥. ; 
it has l)een found that the lactic acid concentration in the blood and 
muscles of the amphibian rises to such a height that it becomes 
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completely paralysed. Guinea-pigs begin to succunib to heat-stroke when 
the shade temperature rises to 110° F., rabbits,^ when it r(‘ach(‘S 116° F., 
and man at 130° F. According to Halliburton, lu^wever, man 
succumbs if his body temperature be kept at 10vS° F. for one hour. 

Hyperpyrexia due to heat is complicated in nian by the effect of 
sweating upon the concentration of sails in the blood, so that even 
in a cool atmosphere, heavy manual labour, causing g(mer(jus per- 
spiration over long periods of time, wdien associated wath deficient 
salt intake will, in experimental individuals, produce severe symptoms 
wdiich can be cured by salt ingestion, as shown by ]\Ioss in 19*27. 

It thus appears possible that auto-intoxication, and not su])j)r('Ssion 
of the sweat mechanism, is the primary factor in the production of 
heat-stroke. 

The term “heat-stroke’’ conveys the suggestion that heat is t}i(‘ 
leading [etiological factor in the Viirious morbid conditions which 
custom has grouped under this and simihir nanu^s. 

Heat-ex]iaustion may occur in any climate, high {itmos])heric tem- 
perature being the essential factor. Hcai-hyperpifrexia luis a peculiar 
endemicity ; w'hile sun-trauviatism results exclusively from exposure 
to the direct rays of the sun. 

The differences are summarized in the table on the op])osite page. 


HEAT-EXHATJSTION 

Definition. — Sudden faintness, or fainting, brouglit about by 
(*x}) 0 sure to high atmospheric temj)eratun,‘. 

^Etiology. — The healthy human body can support with impunity 
very high atmospheric temperatures. Jn m[my parts of the world 
men live and work out of doors in temperatun\s of 100° or even of 
1*20° F. The stokers of steamers, especially in the troj)ics, dischiirgt* 
for hours their arduous duties in a t.emperaturi' oftiai ov(t 150° F. 

When, however, the physiological activities have become impaired, 
by disease, especially by heart, kidney, liver or brain dis(‘ase, or by 
malaria, by alcoholic or other excess, by fatigue, by living in over- 
crowded rooms ; or when the body is oppressed by unsuit a l)le clothing ; 
or in the presence of a combination of some of these factors — then 
high atmospheric temperatures are badly supported, the innervation 
of the heart may fail, and syncope may ensue. 

Symptoms. — When attacked with heat-exhaustion the patient 
feels giddy, and perhaps stagg(irs and falls. He is j)ale ; his })ulse 
is small, soft, and perhaps fluttering ; his breathing is sluillow^ pcjrhaps 
sighing, never stertorous ; his pupils are dilated ; his skin is cold ; 
his temperature is subnormal ; and he may be partially, more rarely 
quite, unconscious. Usually, after a short time, he gradually recovers ; 
very likely with a splitting headache and feedings of prostration. In 
a small proportion of cases the faint is not recovered from, and death 
ensues. 



ALASTRIM. 


Xou* patches on inner side of thij^h, above knee, around septic cut. 

{.If/t r L. M. Moody. ■■ .lini. of Mid. ii ni/ Pdiasif.’') 
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HEAT-STROKE 


Onset. 


Signs. 

Face. 

Pupils. 

Pulse. 

Respiration. 

Temperature. 

Skin. 

Urine. 


('liniail. 

Reflexes. 

(jonsciousness. 

Death. 

Treatment. 


Avoid. 


H KAT- Exhaustion 
(Syncope) 
Sudden faintnesH. 


Symptoms : 

Uiddiness fainting, 
shock. 


Exposure to high tem- 
perature, especially 
in stokeholds. 


Conducted heal. 
I’allor. 

Dilated. 

Small, soft, fluttering. 
Shallow, sighing. 
Subnormal. 

Fold and clammy. 


Present. 

Partial or temporary 
loss. 

liare. 

Stimulation ; Lay 
patient in cool place ; 
brand}' ; ammonia 
to nostrils, etc., etc. 


Douching too freely. 


H EAT-H YPEIiPYHEXIA 
(Auto-intoxication) 

{a) 1‘rodromal 

(not constant). 

Restlessness, vertigo, 
headache, mental 
confusion, anorexia, 
thirst, sighing, visual 
disturbances, nausea, 
vomiting, urinary 
irritability, suppres- 
sion of sweat. 

(/») Symptoms : 

Rapid hyperpyrexia, 
coma, pulmonary 
congestion. 


Din'ct action of solar 
or atmospheric heat 
on body causing 
auto-intoxication. 

Conducted heat. 

Flushed. 

Uontracted. 

Stertorous. 

Hyperpyrexia!. 

Dry, sweat suppressed. 

Small (piantity ; may 
be suppression; 
offensive. Albumin, 
indican, R.B.C.’s 
present, casts. 


Sphincter control may 
be lost. 

Erratic. 

Coma. 

('onimon. 

liapid reduction ol 
temperature ; cold 
bath, ice packs, con- 
tinuous spray, ice 
enemata ; chloral or 
pot. bromide if rest 
less. Stimulate only 
after sweating be- 
gins. Artificial 

respiration. 

Reduction below lOT^T. , 


Sun-Traumatism 

(Sunstroke) 

(Mental irritability) 
Gradual 


S ymjitoms : 

t’crebral irritation, 
light and sound in- 
U)lerance, meningeal 
congestion, delirium , 
restlessness. 

I’rolonged exposure to 
solar rays. 


Radiated heat. 


Rapid, full. 

Moderate. 

Dry. 

Album in. 


Exaggerated. 

Partial loss. May be 
delirium. 

Unusual. 

Quietude ; cool, airy, 
dark room ; ice caj» 
on heail ; empty 
bowel ; bromides. 


Alcohol. 


27 
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Treatment. — In syncopal heat-stroke the patient should ])(‘ 
laid at once on his back in a cool, airy, and shaded place. His clothes 
should be loosened, a little water dashed on his face and chest, and 
anunonia held to his nostrils. If necessary, a stimulant may be given 
by the mouth, or injected into the rectum or hypodermically. It is 
a mistake to douche these cases too freely. Tlie object is rather 
to stimulate tlian to depress. 

HEAT-H YPEKPYHEX JA 

Synonyms. ^ — Heat-stroke ; Insolation ; Thermic Fever ; Siriasis. 

Definition.- — An acute condition developing in the presence of 
high atmospheric temperature, and characterized by sudden incidence 
of hyperpyrexia, coma, and extreme pulmonary congt'stion and oahuna. 

Geographical distribution.-Heat-hyperpyrexia appears to be remarkably 
restricted. Although this type of disease has been reported as oc-eurriiig 
in many countries, on making careful investigation it will be I’ound that n 
large proportion of the reputed cases are regally examples of other diseas(‘s, 
more especially of cerebro-spinal fever, apo})lexy, tuberculous meningitis, 
alcoholism, cerebral malaria, or some other ])hase of acute diseast*, but not 
of true heat-hyperpyrexia. 

The endemic areas are — in America, the east coast littoral of the United 
States, more especially in the great towns, the Mississi})pi valley, the coast 
of the Gulf of Mexico, the valleys of the Amazon and of the La Plata, and the 
South Atlantic coast ; in Afric.a, the valley of th(^ Nih', the coasts of the Hed 
Sea, and a low-lying jDart of Algeria near Biskra ; in Asia, Syria, Iracp 
the valleys of the Indus and (ranges. Lower Burma, Tonquin, and South-East 
China ; in Australia, the Murray Biver district, the Guecmsland coast, and 
possibly the plains of Sydney. It is not met with on the high seas, although 
it is well known on ships in the narrow, land-locked Bed Sea and the Iranian 
Gulf. During the Great War dangerous cases occurred most numerously 
in Iraq, especially during July, 1917, when for three days the tem|)eratiire 
reached 122" F. in the shade, and 135" F. in the interior of double 
fly -tents. 

AEtiology. — New-comers to the endemic an^as and Eiiro})eans 
are more liable than natives or residents of long standing. Men over 
forty are more susceptible than those of youngcT age. j^i)parently, 
long residence confers a relative, although not an absolutt* immunity. 

All ages and both sexes are susceptible ; but in constupience of 
their habits and more frequent exposure to the predisposing and 
immediate causes, men are more liable than women. 

Heat-hyperpyrexia has generally been attributed to direct action 
of atmospheric or solar heat on the body. Many theoritjs of the modus 
operandi of this assumed cause have been advanced. Among these 
may be mentioned superheating of the blood by the high temperature 
of the surrounding atmosphere. Most authorities agree that a })rocess 
of auto-intoxication occurs, as evidenced by the indicanuria, so that 
acetone and diacetic acid occur in the urine of 12 per cent, of cases. 
Hearne has pointed out that heat-hyperpyrexia is associated with 
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suppression of sweat, which may precede the onset of serious symptoms 
by 48 hours, for after prolonged exposure to high temperatures the 
sweat apparatus becomes exhausted and the glands cease to function. 
With sweating suppressed, the body-temperature tends to adjust 
itself to that of the atmosphere, but, in view of the increased respiratory 
and nitrogenous changes, is unable to do so. Coma, delirium, and 
convulsions ap])ear directly the body-temperature reaches 108"" F. 
Hypodermic injections of atropine have been shown to predispose 
to heat-hyperpyrexia through its action upon the sweat-glands ; 
and somewhat similar results have been produced in lower animals 
by Cramer, by injection of /3-tetra-hydronaphthylaniine, which over- 
stimulates the thyroid -adrenal apparatus. The cramps are attributed 
to the coagulation of myosin in the affected muscles (Cajamian). 

Blood chemiHlrij . — Marked dehydration is associated with an increase 
in the percentage' of htTinoglo])in to 110 p(‘r cent., aiid a corresponding 
incr('as(' in tlu' n'd bIood-c(‘lls. The k'uc.ocyte count is also slightly 
in(;r(*ase(l. There is a diminution of the blood chlorides, and plasma 
bicarbonate, but a rise^ in lactic acid, blood-sugar and, usually, 
blood-urea (Marsh). 

The' earliest sign of inifa'iiding hypoclilora'niia is low, or absent, 
urinary chloridt'S. A valual)l(' rough test is to take 5 c.c. of the' patient’s 
urine* in a te*st tube, and aeld 5 elre)ps e)f concentrated nitric acid and a 
fe'w dre)])s e)i' a 1 -])t'r-ce*nt . solution ol‘ silver nitrate. Ne»rinally a thick 
white curdy precipitate forms, and a slight haze e)r no change indicates 
that chloride's are* absent. Sugar and ace'tone are occasionally found, 
anel also a trace of albumin and a few liyaline casts. 

Pathology.- -A notable feature of fatal hyperpyrexia is the early appear- 
ance of rigor mortis. The blood is remarkably fluid, or but feebly clotted, 
ddie venous system is loaded, dark tluid blood })ouring from the phenomenally 
engorged lungs and other vis(^era on section. Both blood and muscles are 
said to yield an acid reaction more or less pronounced. It has been stated 
that the red blood-corjmscles are crenated and do not form rouleaux. If the 
[)ost-mortem examination is made shortly after death and before decom- 
position changes have set in, the heart in early rigor mortis, particularly 
the left ventricle, will be found remarkably rigid ; this is sometimes 
described as being of “ woodeny hardness.” There may be some venous 
congestion of the meninges, but the brain itself shows no important vascular 
or naked -eye changes. On microscopic examination, necrotic changes in 
the ganglion cells, with chromatolysis of the nuclei, are found. The cerebro- 
spinal fluid is clear and under pressure. Cortical changes in the suprarenals 
have been described. The intestinal mucosa, as well as that of the stomach, 
is swollen, and exhibits patches of congestion. The temperature of the 
cadaver continues to rise after death, and may reach IH"" F. 

Symptoms. — ’I’hough sometimes coming on suddenly during 
(exposure to the sun, lieat-liyperpyrexia is very often preceded by a 
distinct prodromal stage. It frequently develo})s independently 
of any direct exposure to the sun ; not seldom the attack comes on 
during the night. 
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Among prodromata, which may show themselves with greater 
or less distinctness for an hour or two or even for a day or two before 
the full development of the attack, are great disinclination for exertion, 
pains in the limbs, drowsiness, vertigo, headache, mental confusion, 
sighing, anon'xia, thirst, intolerance of light — sometimes accompanied 
by chromatic aberrations of vision — suffused eyes, nausea and perhaps 
vomiting, praa'ordial anxiety, suppression of sweat, urinary irrita- 
bility, souK'times a sense of impending calamity, an liYst(Ti(*al tendency 
to wee}), and a quickened pulse. Tlie irritability of the bladdcu' is a 
valuable and easily recognized dang(‘r signal. W'illcox has drawn 
attention to the loss of knee-jerks which occurs, and their ndurn is a 
favourable indication. 

^Jdie first indication of anything wrong may be a sliort stage of 
restlessness, or possibly of wild delirium. This brief pr(‘liniinary 
stage rapidly culminates in coma, complete unconsciousness, and 
high fever, quickly passing into hy|)(T]iyrexia which may reach 1 10 F. 
The pu})ils, unless immediately IxTort^ death when along with tht‘ 
other s})biiicters tliey relax, are contracted. Tbt‘ relkexes are |)artially 
or wholly in al)eyance. There may also be, esjiecially in th(‘ graver 
cas(^s, free watery purging, tlu* (hqecta as W(‘ll as tb(' skin of the |)atient 
emitting a peculiar and distinctive* mousy odour. ^J’he scanty urine* 
may contain blood-corpuscles, albumin, and casts. 

Willcox distinguishes difft‘rent clinical ty})i*s of b(‘at-hy})erpyrexia : 

(1) Gastric ///pc.— A most deceptive form, in which the* axillary 
tem})eratur(* is normal, the rectal temperature* raise‘d, and gastric 
s^miptoms predominate, witlj congestion of the liv(*r. A fatal bype'r- 
})yrexia may develop without jerevious warning. 

(2) Choleraic type . — This form is of sudden ons<‘t, with yeurging 
and general resemblance to true* cholera ; it may be fatal within three* 
or four days. The rectal temperature may rise* to 1 10 F. aft(*r (le*atb. 

(8) The true Jieat-hyperjjyrexia, in which iie rvous sym|)tonis pre*- 
dominate, has already been described. It accounts lor 70 })er c(*nt, 
of the cases. 87ie temperature may rise to IFF F. tor a short time, 
and the patient y(‘t recover (Marsliall). 

Unless active measure*s to lower temperature* an* taken early in 
the j)rogress of the cas(*, and vigorously carried out, in the great majority 
of instances death will occur within a few hours, or even minutes, of 
the onset of insensibility. The immediate cause of deatlj is generally 
the failure of respiration. Earely do cases linger for a day or two. 
Partial recovery is sometimes followed Ijy ndapse. In favourablt* 
cases the disease usually terminates by crisis. Corival(‘sc(‘nc(5 is 
rapid. Unless the patient is moved into different surroundings a 
relapse may occur ; two or even three have been recorded. Occasion- 
ally cerebral or cerebellar symptoms may j)ersist. 

Usually heat-hyperpyrexia is much more dangerous than ordinary 
heat-exhaustion, but the death-rate may be materially nuluced by 
early and judicious treatment. In Imq during the (lr(*at War, the 
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case-mortality among British troops from this cause was about 
8 per cent. 

Diagnosis. — The presence of liigh fever is sufficient to differentiate 
lieat-hyperpyrexia from sudden insensibility caused by uramiia, by 
diab(‘tic coma, by alcoholic and opium poisoning, and by all similar 
toxic conditions, ('arbon monoxide* and hydrogen sulphide poisoning 
must also be thought of. Cerebral laemorrhage, particularly pontine, 
may, aft(T some hours, be followed by high temperature ; but here the 
febrile condition follows the insensibility, whereas in heat-stroke the 
hibrile condition precedes ins(*nsibility. The diagnosis from a cerebral 
malarial attack may bt* very difficult ; chief reliance has to be placed 
on the history, if obtainable, on the condition of the spleen, and 
(‘S])ecially on tlu* result of microscopic examination of the blood ; but 
somidimes thf- parasites, usually subtertian, may not be demonstrable 
for two or even four days from tin* ons(‘t. ]\Ialarial fevers and the 
(*arly stages of tile eruptiv(‘ havers in children are very apt to be regarded 
as h(‘at-strok(*, ])articularly if there has be(*n recent exposure to a hot 
sun. C(‘n*bro-s})inal fever, so often mistaken for heat-hyperpyrexia, 
may be recognizt'd by the occipital retraction, the irregular pupils, the 
fr(*(juent. occurrencf* of strabismus, Kernig’s sign, the comparativtdy 
low and lluctuating temperature, the associated herpes, the initial 
rigor, and its duration. Uncomplicated heat-stroke is accompanied by 
hyjiochloramiia, dehydration, absence of urinary chlorides, excess of 
lactic acid, and low content of bicarbonates in the blood. 

Marsh stat(‘s that during a heat-wave in the Tranian Gulf mild 
cas(‘s of Ji(‘at-('xhaustion are usually in tlu* majority, and so it is difficult, 
soiiK'times, to distinguish cases of pure friglit from genuine cases. 
K(*al cramps constitut(* a, valuabk* diagnostic sign. They are so 
(‘xtr(*mely painful that the ])atient cannot sustain a conversation and 
th(* alh*ct(‘d muscl(‘s can be h*lt forcibly to contract. 

Treatment. — In all fulminating fevers, including lieat-hyper- 
pyrexia, occurring in warm climates, if malaria be suspected, par- 
ticularly if the jiarasite be discovered in the blood, quinine should 
be injected intravenously or intramuscularly at once (7-10 gr. of the 
dihydrocliloride), or given by enema as directed for malaria ; 
this dose should be repeated three or four times at intervals of four 
hours. Should there be any suspicion of opium or alcohol poisoning, 
the stomach should be waxshed out. In every case of heat-stroke, 
whether it has been deemed advisable to administer quinine or not, 
attempts must at once be made to reduce temperature by such rapidly 
acting m(‘asures as the cold bath, or ice applied in various ways to the 
head and body. Antipyretic drugs are of very little service, even if, 
in consequence of tlieir depressing action on the heart, they be not 
actually dangerous ; in all serious cases of heat-stroke such drugs must 
be carefully avoided. The j)atient should be placed on a wet sheet 
supported upon bed cradles, tlius forming a moist chamber in which he 
lies ; the whole may rest upon a rush-covered bed or “ angareeb.” 
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]\Iackintosh shoots must bo avoided. The continuous water-spray with 
iced water, tog(‘tlitT witli an (‘lectric fan, simulates the natural process 
of sweating to the best advantage. lce-wat(‘r enemata are also re- 
commended ; to these, should convulsions and restlessness supervene, 
potassium bromide or chloral may be added, liubbing the skin with 
ice, by constricting the capillarit'S, apparently only obstructs 
evaporation. A thermometer should lx* kept in the rectum and 
the ap})li(‘ation of cold should be discontinued so soon as the thermo- 
meter in the rectum has sunk to 104'’ E., or, in cas(‘S of simple thermic 
fever in which the temperature has not (‘xce(‘dt‘d JOG'’ F., when it has 
fallen to 102'’ F. If pow(*rful antipyretic mt‘asur('S ar(^ carrit'd beyond 
this point, the fall of tem])erature may continue below the normal, 
even to as low as 91° F., and dangerous collapse ensue. In the absence 
of electric fans an iced wet sheet may be wafted u}) and down ov(‘r 
the patient's abdomen by means of a punkah-like arrangement. 

()n discontinuance of the iced sheet, the ])atient should be wrapped 
in a dry blanket ; very likt*ly, perspiration, a favourable sign, will 
then set in. Stimulants may now be necessary. Strychnine, owing 
to the marked tendency to convulsions incidental to heat-stroke, 
must on no account be us(*d as a cardiac! stimulant ; C'handl(*r, as the 
result of liis large exj)erience, recommended the inj(*ction of 40 min. of 
tincture of digitalis. Corn ulsions are best controlled by cautious 
venesection. As death in heat-stroke g(*nerally rc'sults from failure 
of respiration, Hearne and others strongly recommend artilicial n‘s- 
piration when the breathing threatens to l)econie sus])ended ; it 
should be maintained for half an hour or longc'r. JiUnibar ])iinctun! 
is indicated in cerebral cases as a rational ]]K*thod of relie^ing intra- 
cranial pressure. Intravenous or Kubcutan(X)us injections of normal 
saline are indicated in tlu* choleraic forms. Gastric cases should receive 
a liberal supply of bicarbc^nate of soda — 8t) gr. every two hours. 

During convalescence great care must be exercised to shield the 
patient from all influences calculated to ])rovoke rela})se. The power 
of swa*ating may be in abeyance for three wa^eks or longer. 

Prophylaxis. — Patients in hospital are es})ecially liable to develop 
heat-hyperpyrexia. The most valuable practical method i, to attempt 
to forestall the advent of heat-stroke by periodically inspecting the 
patients to find out those with commencing suppression of sweat, 
urinary irritability, restlessness and insomnia. 

A heat-stroke hut, or treatment room, or even a heat-stroke ward, 
is a most desirable addition to hospital equipiiient in the tropics. 
This has led to the construction of special refrigeration apparatus. 

A refrigerating apparatus consists of a horizontally j)la.ced ammonia 
compressor wajrking in conjunction with a brine-circulating systcun. At 
Masjid-i-Sul(‘iman in Sout h Persia (Anglo-Iranian Oil Fi(*lds) heat-stroke 
cases, and indeed all cases of fever, are, in outlyijig stations during 
the heat of the day until the cool hours betw^een midnight aiid five a.m., 
kept in a cold-storage chamber, attached to the ice-plant. During 
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tiie cool(‘st ])art of the night they are put into a fast ambulance and 
taken to the nearest heat-stroke hut where they are kept until complete 
recovery lias taken pla(;e. 

As the rc'sult of these measures the incidence of heat-stroke lias 
bei'ii greatly reduced and has almost ceased to count as a cause of 
invalidism. Tlie cost, according to Itennie, of maintaining such a 
cool chamber, is £400-£500 per annum. 

kdhcic'iit iiK'thods of cooling the air are employed in industry in 
many parts of the world. These include methyl chloride or ammonia 
ri'frigiTating machines, or the use of the cooling powers of evaporating 
w'ater at atnios})heric iemp{‘ratur(‘S and in vacuo. Air-conditioning of 
hoiiS(*s and dwelling-rooms is commonly found in New York and other 
Arm^rican cities, and tlu^ matter is sok'ly one of exjiense (see p. 24). 

Acclimatization. — Some organizations in th(‘ tropics endeavour 
to avoid tile ill-effects of luuit by ensuring htness and acclimatization 
of lh(^ workers. In the Witwatersrand gold minrs, candidates for 
(‘mploymt'ni an* subjected to a test in rooms artificially lK*ated to 94“' F., 
wet-bulb, and are th(*n graded on their reactions, suitable candidates 
being ])ut through a furtluT course involving t*xposure to high 
temperatures in stages and lasting, sometimes, for fourteen days. 

FewiT casualties occur from laait among iiH*n born and bred in thi* 
hot climates than among those riaired in tiaiijierati* climates. While 
there IS a g«aieral agre(*ment that excessive alcohol consumption is 
contra-indicat(‘d, k'ss attention has been paid to the profound effects 
that may arisi^ from shortage of water. It has been shown that up to 
thre(‘ gallons of drinking water a day are nec(*ssary for a man at Avork 
in th(‘ summer time in the Deccan. The “ fioisonous ” ])ro[)erty of 
watt'r is neutralized by the addition of half an ounce of salt to the gallon 
of water. 4lH*r(‘ is no evidence that alcohol in moderation is harmful. 
Constipation iii the hot seasim is almost physiological and must be 
avoided. (Sec also })}). 14 et srq.) 

SIIN-TKAIJMATT8M 

In cases of this type, after prolonged exposure to the sun, a febrile 
condition is established. It is sometimes of great severity, being 
characterized by intense headache, a rapid full pulse, a pungent dry 
skin, intolerance of light, sound, and movement, and occasionally 
by vomiting or delirium, suggesting meningeal congestion. The 
acute phase may be quickly recovered from, or may jirove very per- 
sistent and last for days or w’eeks. It may leave no injurious effects, 
or may ho followed by a variety of transient or more permanent morbid 
nervous phenomena. 

i^tiology. — Manifestly, the symptoms produced are not due 
to heat, for such effects do not result from exposure to the heat of 
a furnace, how^ever intense. There appears to be some special element 
in the solar rays capable of injuriously affecting the tissues, particularly 



424 


HEAT-STROKE AND SUN-STROKE 


if they have not become gradually habituated to sun-exposure. In 
this connection we are forcibly reminded of the pht'nomena of the 
actinic rays of the solar spectrum, and of the remarkable tissue changes 
induced by the Itontgen rays. 

Treatment. — Patients suffering from sun- traumatism must be 
kept as quiet as possible in a cool, airy, and darkened room. The 
head should be kept shaved, and cold applied to the scalp. The 
bowels must be free ; food should be light and unstimulating, and 
alcohol in every form strictly forbidden. Restlessness and insomnia 
are best treated by the bromides. For a considerable tinuf tlie j^atient 
will be troubled with loss of memory, and feebleness of inUdlectual 
power and of the faculty of concentration. He may be irritable, 
liable to headache, and extremely sensitive to heat— more particularly 
the heat and glare of the sun. So soon as he is abk* to be remo\'ed he 
must be sent to a cooler climate, and there remain until all trace of 
his illness has completely disap])eared. Indeed, it is questionable if 
the subject of pronounced sun-traumatism sliould ever again risk 
the dangers of a tropical climate ; certain it is that he should not 
return to the tropics so long as the slightest evidence of cerebral trouble 
remains. 



Section IL— VITAMIN DEFICIENCY 
DISEASES (AVITAMINOSES).^ 


I * K K L I M I N A H\ S'P A'l’E M ENT 

I’he toi'iii a\ itaminosis (or dcvitamiiiosis) is af)plied to a series of 
a})pareiitlN' dissimilar elinieal states of wliieh tla* main adiolo^ieal factor is 
concerned with the constitution of the dietary. It is ^^(merally understood 
tliat it is not the (juantity of the diet, but its quality, or the unbalance of its 
ingreditmts, which can bring about such serious chemi(‘al changes in the 
human IxKly. 'J'he ])ro<*e.ss is to be regarded as being quite? distinct from 
actual starvation, in which state noiK‘ of these })eculiar j)henomena need 
ne(‘(*ssarily occur. I)i<'tary dehcieiK*ies, then, are the gradual withdraw^al 
fi om the l)ody of ingredients w hich are (*ssential for the carrying out of certain 
elaborate biochemical jnocesses and are therefore essential also for the 
inaint<*nance of life. As will be seem in the se(|uel, the term ‘‘ v'itamin ” was 
first apj)lied to a substance whicli could be extracted from the outer layers of 
the rice-grain, and which was found to be essential for the maintenance of 
health of rice-eating })eoples. Similar substances have been found widely 
distributed among foodstuffs, and several of them have now been isolated 
in a pure state. 'I’he exact chemical constitution of some of the vitamins 
has only recently been determined - they are evidently very highly complex 
bodies, and though small in (juantity, their influence upon metabolism is 
determinative. They are rt'garded rather as stimulants, or catalysts, than as 
enUTing into tlu* structure of the ti.ssues and are therefore termed by sonic 
“ aecessory food factors.'’ At least Um of these substances are now known, 
and there are ])robably many more. (Consequently deprivation produces the 
most divers(‘ lesions (.see (diap. II, p. 211). 

CT.ASSIFICATION OF THE VITAMINS 

l itarnin Aj. Antixerophthalmic, or anti-infective factor. 

Vitmnin Closely related physiologically to Aj. 

Vitamin Antineuritic, beriberi-preventive factor. 

V iiaviin B^^ “ Riboflavin.” Connected with oxidizing mechanism in the 

tissues. 

V iUirnin i^y, 

^^6* Growth factors detected in certain animal experiments, but 
relation to human nutrition not yet clearly defined. 

V iiarnin B^. Rat anti-dermatitis factor. 

RP factor, nicotinic acid, or nicotinamide ; antipellagra factor. 

‘ Tho subject is developing at such a rat-c that it is impossible to present more than a 
mere outline of tho generally accepted facta. 
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Vitamin C. 
Vitamin Do. 

Vitamin D^. 

Vitainin E. 
Vitmnin K, 


Ascorbic acid. Anti-scorbutic factor. 

Calciferol. Antirachitic factor ; the artificial product of the 
ultra-violet irradiation of ergosterol. 

Natural product, isolated from high-potency liver-oils known 
to contain several antirachitic factors. 

Antistcrilitv factor. 

Anti-hffimorrhagic vitamin coiu'crncd with blood-clotting. 


The fat-soluhJe vitamins are A, Aj, D2» ^3’ ^ 

The trater-sohthle vitamins are Bj, Bj, B4, Bj^, Bg (PP), C. 


Vitamin A. — This substance is found in animal tissu(‘s, ospecaally the 
liver, and arises from the breakdown of a plant j)igment, r> carotene, which is 
therefore usually referred to as provitamin A. In fact, four compounds ac t 
as provitamin A, namely, a. p. and y carotene and kryptoxanthin, all eou- 
taining a /bionine ring, which must be present iu any substance' coin c'rtiblc* 
in the body to vitamin A. A carotene, howevc'r, has two such rings and this 
ex])lains by it preserves greater biological activity than t he other provitamins. 

Carotene is a hydrocarbon, ('40^^66’ found in all green plant tissues 

and in certain roots and fruits, e.g., carrots and ])alm fruits. (Jreen vc'gc'tablcs 
and carrots have no vitamin A, but have carotene. 

In the animal body, probably in the liver, it is broken down by water. 

2H2O - 2 C 2 oH 3 (j(). This alcohol is a pale yellow, viscous oil, and 

is known as vitamin A^. 

A2 closely resembles vitamin A in chemical characters, and was discovered 
in the liver oils of fn^shwatc'r fishes. It probably has a biological activity 
similar to tliat of vitamin Aj. 

V'itainin A is probafily the jihysiologic^ally acTive agent, but carotene' and 
the vitamin produce* the same* effect. A chemical blue c-olour is t’ornu'd l»y 
this vitamin with antimony trichloride. TIh* international standard unit is 
1 y (O-OOl mg.) and 3 to o y an* found suflieient to proU'ct young rats. 

An aderpiate supply of vitamin A in the diet is essc'iitial for satisfactory 
growth in childhood and for maintc'iiancci of a normal rc'sistance against 
infV'ction in youth and in adult life. The characteristic c hanges in the tissue s 
of individuals deprived of vitamin A show themselves in kc'iatinization of 
epithelial structures. (In c'xperimental rats deficicnc'y of vitamin A c ause's 
shrinkage and dysfunction of the salivary glands and atro})hy of the* inb'stinal 
villi, and })ermits bacteria to enter the glands.) In erases of prolongc'd 
deficiency the cutaneous epithehum may bercome so keratinized as to ])roduce 
a dry atrophic conelition known as “ toad skin ” or ])hryno(h rma, whic'h is 
found in East Afrie^a, Ceyleai and (Ihina (Krazierr and An), anel is ccunparatively 
rare in we'sb'rn Euroj)e. Some* liave suggesttrd that the freepie'nc y of r(*nal 
caleuli in tndia and (diina is also due to vitamin-A deticieuicy. 

Lathyrism is a disease assoe*iated with degenerative erhange'S in ther s])inal 
cord similar to those occurring in dogs fed on a vitamin-A deficicuit diet, and 
it is suggested that the absence of vitamin A and carotene from the diet allow s a 
neurotoxin in th(^ peas to ex(‘rt a harmful influenec'On the central nervous system. 

Vitamin-A deficiency undoubk'dly plays a leading }>art in th(r (*.ausation 
of xeroj)hthalmia, w hen the cornea becomes opalescent, and su])eriicial ulcers 
appear in the degenerrate ej)ith(dium till the patient becomes blind. Wright, 
in Madras, believed it was the chief cause of blindiarss in children in India, 
and Nicholls came to th(^ conclusion that in CVrylon more than 65 per cent, 
of blindness in children is due to this cause. 
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Bitot’s spots, yellowish, irregular, foamy patehes on the conjunctiva, which 
are seen in the poorer class of children in Southern India and East Africa are 
atiribiited to a similar deficiency. 

It is corning to be recognized, also, that a mild form of night-blindness 
(hemeraloj)ia) is due to vitarnin-A deficien(;y. This vitamin plays a direct 
role in the process of bleaching and regeneration of the visual purple in the 
retina. So well-marked is this dark adaptation that it is now being largely 
used as a method for deU‘ction of vitamin-A defiei(;ncy in a ])opulation. 
The (h^tcction of deficiency (iMutch and Clriftiths, 1937) is known as visual 
dysadapUition. The test measures the jrower of distinction, under different 
illuminatit)!!, of a scu'ics of cards, viewed through a sei’ies of Tscherning 
])hot<)metric glasses. U’hc i^ycs arc t/esU‘d under optimal dark adaptation, 
i.e., after- fiftcrui minutes. 

It is clairru'd that large doses of vitamin A produce improvements in 
hyjrerthyroidism, and an antagonism Ix/tween it and thyrotoxin has be(m 
demonstrakHi. The vdtarnin-.^ content of Ibod is not affeekd by ordinary 
processes of canning or by such exposure to heat and air as occurs in 
ordinary cooking. In butter it is resistant to heat to 120 C., but it is 
readily destroyed by atTation. 

It is irn])()ttant to reimunber that th(;re are seasonal variations in the 
viljirnin-A value of dairy pr-oduce. (ienerally speaking, the vitamin-A value 
of milk, brrtbu- and eggs lends to be at its lowest in the eariy part of the 
year, and at its highest in the months of .lune and .Inly. 

Vitamin Bj {Aueurin ; American, Thiamin ; sometimes also known as 
vitamin V). 'I'liis is the w(dl-known anti-beriberi or antineur'itic vitamin 
{ste p. 44n)- isolation of the crystalline vitamin was effeckd by 

dans(Mi and Donath trom rice ])olishitvgs. Tlu' formula is 
and its constitution Ibr vitamin B, hydrochloride: — 

EH, 

X ~ - XH.,H(’l ('1 E (’ EH. - EHoOH 

li !l “ i ' “ 

(’H 3 -E E-CH. - X S 

I 1 “ 

X - EH EH 

i’yi nuKiiuc Kmi; Thia/ »lt‘ 

It has finally been synthesized by Williams and Elincg and it is now possible 
to prodiH^e it in large amounts. 4'he physiological activities of the synthetic 
j)roduct is identical with natural Bj. 

Deficiency or absence of this vitamin leads to malnutrition of the nervous 
system, and also to disordt'rs of dige.stion, dysfunction of the endocrine 
glands, and increased susceptibility to infection. It is contiiined in the cuticle, 
or ])(Ti(;arp, of grain, and in the aleurone layer of rice (Fig. 49), but the 
ri(!hest 8U])ply is the germ, or embryo, of wheat, rice, barley, and rye. An 
especially rich source of the vitamin is the Chinese bean, “ kachang hijau ” 
(Phaseolus imliatus). Eggs and tomatoes also yield a rich su})ply, but fresh 
meat is delicicmt , and so is butter, fat, fish, canned meats and cheese. Yeast, 
from which is made the commercial Martnite, a substance containing also 
the PF factor, is also a rich source of supply. 

The natural product is less affected by exposure to oxygen than are the 
other vitamins, and is not si)ecially affected by heat (in the canning process, 
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it will stand autoclaving at 120° for thirty minutes). From the extract of 
the natural products tlie active principle can be 8eparat(‘d by absorption 
on solids such as fuller’s earth, and such a(*livated earths have been used 
as a method of administering vitamin by the mouth. J^’or intnivenous 
or sulxnitaneous injeciion, the hydrochloride of the vitainin is (‘m])loved. 

It has recently been realized that aiuairin plays a part in one phase of 
carbohydrate metabolism. In the form of a compound with pyrophos[)horic 
acid it acts as the co-enzyme to the enzyme which bnviks down })yru vie acid, 
which is one of the intermediate products between glucose and carbon dioxide. 
A deficiency in vitamin l^^ causes a lowering of tin* pyruvate-metabolizing 
mechanism with the result that the amount of jiyruvate in tlu' blood bmds 
to rise. This abnormality can be detecUal, either by estimating tlu* amount 
of pyruvic acid by direeb combination with 2 : 4-dinitro()h(‘nyl-hydrazine or, 
l('ss accurately, by determining the amount of substanct' in the blood which 
will combine with the biaulphit(\s. Hence the im])ortance ol’ BBS ( bisul])hite 
binding substance). Fyruvic acid is nnt toxic in itself, l)ut is indicative* of 
dysfunction of the body (‘clls, and is derived fj-om lactic acid. 

Vitamin B^ plays a dedinit* part in metabolism, and it is clainu'd by 
Co\Ngill that the minimum re(|uir(*m(‘nts of man can lx* asce'rtained from the 
body-weight and the calorific value of the diet, thus : 

Vitamin intake (in international units) - (’alorific intake wt. (kg.) •; 

0 0284 (The international unit is O-OtH nig. or y). 

P('tcr.s has H}K)wn that coavulsi<ins in Ix rihcric animals arc diic to excess of lactic acid in 
tlx! brain: owin^ to dehci('nt oxygen a l)S()rj)tion, and this is the basis of the “ hradyeardiu " 
test in rats, wliieli is taken as a gauge of 1? delic;ieney (<*x(jess of lactic, acid in the cardiac 
muscle). 

l’h(‘ minimum rexpiirenK'iits of an adult takijig a daily elie't eif ikoiX) calories 
can b(* takc'Ti at 550 international units. 'fhe b(*ribcri dang(*r line " 
appears to lx* about 200 units. 

There is a danger ot vitamin- Bj dedieiency when patic'iits are on a restricted 
diet for gastric or duod(*nal ulcxTation, and it has been sliowii that the poly- 
neuritis (jf chronie* alcoholism is traceable to a shortag(‘ of t his vitamin. The 
maiti initial features of a vitaniin-Bj deficiency are loss of ajipetite and loss 
of weight. When the lattc'r has fall(‘n to ()5 per c(*nt. (d possible maximum, 
th(^ terminal symjitoms a])]>ear, such as decreased sugar tolerance, nervous 
symptoms, changes in tem})erature, faulty vi.sion, bradycardia, and, sonu*- 
tirnes, cedema. In children it is advi.sabk^ to err on the exc(‘ss sidi^ of this 
vitamin, for it is certain that a large exce.ss can be present wi bout causing 
any ill effects. Jn ])regnaney daily dos(‘s as high as 1,000 units are re(juisite. 

Vitamin '^^{Ribojiavin). — ForiiKU-ly it was thought t hat one water-soluble 
vitamin was coneenK‘d in the gc'iiesis of ]){dlagra and alli(‘d conditions of 
laboratory animals, but latc*r work demonstrated that at l(*ast tiro substances 
were concerned. One of these is still knowm by the original naim; vitamin Bg 
or, better still, riboflavin (formerly lactoflavin), the other as vitamin B,, 
(or ?, PP factor). Vitamin Bg is a yellow fluon^scent jiigment w Inch is found in 
liver, eggs, and milk,^ and it is responsible to a large (‘xtent for the gn‘(‘nish- 
yellow colour of wbey. When freshly isolated it is a gokk'n-brown crystalline 
solid of the composition dimethyl-9-ri}>ityl-isoalioxazin). 

It has been synthesized by Kuhn and liis colkaigues. As at jiresent 

^ It is hardly necoHsary to Htatc that the product from tggs haH been calh'd oroftonn, from 
milk la do flavin, and from fiver hejiutoflavin. 
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understood the vitamin <^‘oniplex can be represented by the following 
formula : 

UO-Cflo 

Biboflaviii portion of Bg complex 

HC— OM 


HO - C-H 


('ll, 



Previous to 19‘H .do vitamin was considtnvd to lx* a d(‘tinite entity 
vshich differed from in being lieat-stable and in various other resp(*ets, 
notably its action on (‘xperimental animals. In 1934 (iyorgyi showed that 
laetotlavin was th(‘ main rat-growth factor. J^ater Harris, Ohick, Birch and 
Iclvehjem showed that it would not affect pellagra in rats. i'hic*kens, dogs, 
or man. and iri 1931) opinion was that th(‘ curative ag(‘nts for human pellagra, 
canine blaektongiu' and i*hieken p(‘llagra still remained to be discovered. 
It was also found that tin* flavins from all sources {lactollavin and hepato- 
llavin) were* claunically and }>hysiologically identical. 

This work synchroni/ed with that of Knight in Kngland and Mueller in 
America u])on tin* identity (»f a H[)ecific substance in fresh-meat infusions 
which rendc-rc'd it (’ssemtial for the growth of dedicate pathcagenie baederia. 
ddie former worked u])on sta])hyloc*oceus ; the latter mainly ii[)c)n diphtheria. 
I’in/dly, nicotinic acel and nicotinamide were found to (‘onstitute the missing 
link. 

Vrobably ribotlavin is found universiilly in nature, and is an enzyme 
c-onc(‘rn('d with oxidation in the body tissiuxs. In bringing about metabolic 
( hang(‘s in thc' organism it acts in combination with ])hos[)horic acid. Ribo- 
flavin is indispensable to the* normal functioning of the oxidizing sysUnn of 
cells. All (dse that is known at present is that it cannot be synthesized by 
the organism and that it is essential to cellular respiration. There are 
indi(*ations that a deticienev of it may be assoedated with one form of 
cataracd. 

Vitamin and the PP factor . — For some fifteen years it has been 
sus[M‘cted that judlagra in man and allied conditions in rats and dogs were 
deficiency diseases. Provisionally the factor involved was given the label PP, 
indicating pellagra -preventive factor. (Jn the U.S.A. it has been know'n as 
vitamin (J.) 

Nicotinic; acid is a simple' carboxylic acid of pyridine wdiich is prepared 
by the oxidation of nicotine; it and its amide -nicotinamide— have now 
bt*en shown to replace' some ('ssential substance which is found in meat 
infusions and w Inch is necc'ssary for the growth of certain pathogenic bacte^ria. 
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Both these substances exert an action on animals which is identical 
with that of that portion of vitamin complex, known a^ the pellagra- 
preventive PP factor, and also as the blacktongiie (of dog8)-preventing 
vitamin. 

I'he work of Elvehjem and his colleagues at Madison, Wisconsin, has clearly 
proved that pellagra-like conditions in certain animals can be cured by 
nicotinic acid or its amide, the relationship of which to each other (.s'cc p. 4(32) 
can be expressed as : 



N 


The a])j)lication of these substances to the treatment of human pellagra 
has ])roved a success, and cases respond with rcmarkablt* promptitude to 
the administration of amounts ranging from 100 500 mgm. by tlie mouth, 
or to repeated dosage by the injection of (juanrities to 10 -20 nigin. 

The exact functions of nicotinic acid in the body an' as yet unknown, 
but the amid(* is part of the mok'cule of the co-(*nzyme (eo-zymase) which 
pla\'s a j)art in carbohydrate breakdown. I'liere is at ]>res('nt no international 
standard for ni(*otinic acid, nor any estimati()ns of tht' amount present in 
cotnmon foodstuffs. The richest sourees an* liver, kidiu'vs, milk, eggs, and 
ch(‘ese. T1 k‘ amounts of nicotinic acid are readily ascertainable by chemical 
* analysis. A colour test has been dc'seribed for the detection of nicotinic 
acid in the urine. S|)ies and his colleagues find that the test is lU'gativa' for 
p(‘llagrins, but positive with normal urines. 

The rat anti-dcrrnatitis factor {ritamin is now considcr(*d to 

be different from the PP factor. It is (‘.ssential for the normal grow th of tin* 
rat, and is destroyed by ultra-violet radiation. This vitamin is prcs(‘nt in 
yeast and in the muscle of salmon, lu'rring, and haddock. Mammalian liver 
is a good source, but fish liver is very deficient in it, and cgg-whit(? rpiite 
devoid of it. The p('llagra-lik(‘ disease of rats is entin'h' caused by (i('p? ivation 
of Be. 

The present knowkalge of the vitamin B 2 complex is as follows: 

(1) Flavin^ which is a growth factor for rats, but which has no known 
(‘fleet on humans. 

(2) Nicotinic acid, Avhich will j)7‘event and cure human ])(*llagra, canine 
blacktonguc, and rat nutritional pamnyelophthisis (a general de- 
generation of the bone-rnarrow' with anfcmia). 

(3) A rat-pellagra factor (Bg). 

(4) A chicken -pellagra factor w ith unknown human action. 

Vitamin (ascorbic add, cedtamic acid ). — The pure vitamin — ascorbic 
acid (CgHgOg) — was isolated from fruit juice by Szent-Oyorgyi in Hungary and 
independently by King and Waugh in Americja. It is a te(‘bly acid substance 
closely related to the sugars, and has now be(‘n synth(T3eally prepared. 
The international unit is 0 05 mg. of jmro aeld. 

’ This sukstaricc has been known for a number of ycuirs as “ fu'xnronic acid,” which w'as 
isolated by (iy<)rgyi from adrenal glands, orange.s, and cabbage. 
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The fornuila for synthetic ascorbic; acid is given as follows : 

CO 

HO — C 

II 

HO — C 

I 

HO — C 

I 

HO — CH 

I 

CH, OH 

Many animals are capable of synthesizing ascorbic acid in their bodies; 
the cow may h(‘ cited as an example, for without any change in the diet, a 
sudden increase' of vitamin (’ in the milk occurs iri March. 

An adcfjuatc supj)l\’ oi this vitamin is essential for the devc'lopment of sound 
tec'th, and there is an indii-ation for the intake of vitamin C in febrile (;on- 
ditions, as de[)lction tla'ii occurs inoi’c rapidly. 

An im[)(jrtant point is that humans, (*s])ecially cliildren. show an increasc'd 
fragility of the (capillaries in sfjring-time, this being coinmon in northern 
( lirnaU's, where fruit and vegetables are scarce in wintc*r. This, of course, is 
an ('arly stage in the d('velopnu*nt of scurvy. To y)r(‘vent the aj)[H*arance of 
symptoms associated with the f)re-scorbutic condition, children should be 
given at least 50 mgm. (1,000 international units) daily. Adults also recpiire 
at least that amoimt, and in pregnancy the demand is grt'atcr, dosi's as large 
as 150 mgm. being indicat('(.l. 

kScurvv has hct'ii n'cognized as a food-deticic'ucy disc'asc ever since the 
days of kind in 1717, for it was his classical treatment of scurvy, as it occurred 
amongst the stricken seamen of the British Xavv, by the juices of fresh 
oranges and lemons, that is so well known, 'fhe use of lime juice (probably 
hunon juice) has Ix'en recognized as a preventive against scurvy ever since 
his (lay. Holst and Frolich (1007) showed that scurvy could be induced 
in guinea-])igs by removing the givenstulf from the ordinary diet and by 
giving a diet compo.scd ol‘ grain and water only. Later Fiirst, whose results 
wer(‘ later cemfirmed by Chick and Hume, found that scurvy could be pre- 
venttal by p<‘as and beans which had bt'en soaked in water and allowed to 
germinate for two to thno days ; but even important observations ajjpear to 
have been ant icij)at(‘(l by Curtis, a surgeon in the Fnglish Fleet, as long ago 
as 1782. 

In animals dying of scurvy the principal lesions show a close analogy 
w ith those characteristic of the human dis(*ase. Hiemorrhag(‘S occur in any 
])ositi(ui, but most fre(piently in the joints. The histological changes produced 
at the ril) junctions in the guinea-pig are very striking, and they become pro- 
gressively more extemsive as the ])eriod of that deticiency increase's. The 
most noticeable; departures from the normal are a variable amount of irregu- 
larity of the junction as a w hole, together w ith disarrangement and shortening 
of the rows of cartilage e‘ells and of the trabeeulie, w itli an increase'd amount 
of blood in the marrow’-(;avity and a decrease in the thickness of the bone, 
especially near the junction. A very early symptom of lack of vitamin C 
is the change in the structure of the U'eth. The growth of the incisors cea.ses 
entirely after fifteen to twenty da 3 ^s. 
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To protect a young guinea-pig from the ordinary syin})toms of scurvy, a 
daily dose of T5 c.c. of orange juice is needed, while 3 c.(!. are required to 
prevent degeneration of the dental pulj). On this basis it is estiinaU‘d that 
a man requires 1,000 e.c. of milk, 200 grin, of boiled new potatoes or (K) c.e. 
of tomato juice daily. Although vitamin C is ])resent in muscle and tissue, 
it is not stored in the animal body to tlie same extent as is vit amin A. Lemon 
juice forms the best source for concentration of vitamin C and th(^ greater 
part of it is precipitated by basic lead acetate. H (‘a ting and fractional 
distillation destroy this vitamin, but decitrabai lemon juice can be preserved 
aerobically at pH 10-0 t> for a week without loss of j)ot(‘ncy. Hec('nt 
investigations have succeeded in isolating vitamin as a })ure chemical 
compound (ascorbic acid), and cases of scurvy in children have b(‘cn eiired 
by the action of this chemical substance. In 1924 Zil\ a discovcTcal that 
active concentrates of this vitamin had a strong allinity for oxvgcai, and 
later Szent-Gyorgyi found that the properties of a substance he had isolabal 
from the suprarenal cortex — hexuronic acid - were similar to those* of vitamin 
C, and later still Tillmans showed that they were identical. Zilva has now 
shown that Ih'amlt^y's Scaalling apples ke(*p their vitamin-(' activity best 
when stored at —20 C., and it has been shown by other workers that the 
vitamin C varies inversely as the nitrogen. 'fhc' antc'rior lobe of the* 
pituitary gland is especially ric'h in vitamin (’, as is the* suj)rarenal cortex. 
Keiehstein and his (‘ollaborators have succeeded in synthc'sizing a product 
from 1 -xy/o.SYwc, which is identical with asc-orbic acid. 

The reduction of the coloured dyixstiitf 2 ; <)-dichl(»i-o-})henol-indoj)henol to 
a colourless substance by ascorbic acid is used as a test for determining 
vitamin-C deficiency. Vitamin C, like other w ater-solubk' vitamins, is 
excreted in the urine, this being the cau.se of its depk'tion in the body, so 
that titration w ith a standard solution of the indicator' gives a fairly ac'ciirab* 
method of determining the amount of ascorbic acid c'xcrcted in twenty-four 
hours. The reaction must be carrital out at an acidity represented by yd 12 
or 3, to reduce interfc^rencc* by other reducing substances. When an adult 
is receiving amj)le vitamin C in his diet, the* daily excrc'tion in the ur'ine is 
20-30 mg. ; when less than 15 mg. is excreted it is an indication of insutlicieiicy. 

To determine whether or not a ])atient is deple ted ol vitamin (', an intra- 
dertnal test is cmn-ical out, depending on the time taken for a small cpiantity 
of a solution of dichloro-phencjl-indojdienol injected under the skin to lose 
its colour. The “ capillary resistance ” test is fairly reliable in inl’ants and 
young children ; it involvc'S counting the number of judechiai form(*d in an 
area of skin of the forearm after raising the jrressure in the I'uib a definite 
amount by means of a tourniquet. 

Vitamin D {(mtirachitic factor, or cxikijcrol).- This, the antirachitic 
vitamin, is contained in certain fats, notably in eod-livcT oil, and is closely 
associatc*d with vitamin A, but vitamin D is much more; stable. It is 400,000 
times as active as cod-liver oil. This vitamin is essential for the proper 
calcification of bones and for the fc^rmation of etiamel on developing teeth ; 
it actually controls the dc?position of calcium and phosj)borus in the tissues, 
and it has been shown that it is particularly c*cjncerneci with absorption of 
the phosphates. Steenbock and others showcid that, in the absence of fat- 
soluble vitamins in the diet, irradiation of animals with ulti'n-violet light for 
ten minutes daily increases both the calcuum and phosj)horuH in the blood, 
so that now blood -phosphorus estimations car be used to control the treatment 
of rickets. A definite diagnosis of rickets can now be made by radiography 
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long beforo any clinioal Ryinptorns become apparent. Later it was found 
that various fats and oils, both of animal and vegetable origin, can be activated 
by exposure to sunlight, so that the activatcai food has the same qualitative 
effect as cod-liver oil, and it has been found that the livers of rats which 
have not been irradiatcai are inactive. 

llosenheim and WebsU^r, working with ergosterol, a highly unsaturatt^d 
sterol obtain(‘d from jilants, and notably certain yeasts aftxir irradiation with 
ultra-violet light, deiiionstrated that this substanct' definitel}^ cures rickets. 

Irradiated ergosterol contains vitamin I) in large amounts, and this has 
now been isolatc'd in j^ractically a pure crystalline form (calciferol). In tliis 
instance tlum th(‘ proviUnnin is converted into vitamin D by irradiation, 
and thus it becomes apf)arent that ultra-violet radiant energy is essential 
for the }>r()duction of vitamin D, which lends truth to the well-obstu’ved 
fact that sunshine is essential for the prevention and cure of rickets. The 
amount of ]>recursor substance {provitamin D) necessary to protect a rat 
against rickt'ts is d-OOOl mg. or less. Calciferol (3 : 5 dinitro-benzoate) is 
remarkably stable, but on heating to 180' F. in vacuo it loses its antirachitic 
I)ob‘n(‘y. 

Th(‘ stimulating effect of ultra-violet rays on calcification was first dis- 
< overed in the case of children, but only at a later stage were obsi‘r\’ations 
confirmed by inv(*stigations made on animals. 

Hess and Cnger (1922) showed that the curative wav(‘s were confined to 
that part of the s])ectrum having wave-lengths of 300 ^ or shorter. It is 
])robable that vitamin 1) is })roduced in the skin itself or in the blood circulating 
immediately beneath the surface by the action of sunlight, l^ossibly, too, 
th(‘ consumption of large quantities of cereals may determine the onset of 
rickets. 

Infantile tetany and ricktds are clo.sely associated, and this suggests that 
the lowe ring of the blood-calcium content in the former is connected with a 
deficiency of vitamin 1). In its mode of action vitamin 1) probably promoU's 
absorption of calcium and j)hosphorus from the bowel. 

It is a well-(‘stablished fact that the physiological demands for calcium 
by women during the later months of jeregnanev is high, and is not met by 
the amount of calcium ingested in the ordinary died. A deficient supply of 
vitamin I) to the mother during pregnancy or lactation jiredispo.se's to rickets 
in the child. 

The relation of vitamin 1) to the parathyroid gland, 'the dramatic effects 
on bone and blood condition in osteitis fibrosa cystica of the lemoval of 
})arathyroid cysts, or the effect of Collijis’ extract (parathormone) in tetany, 
must be ascrib(‘d to this relationshi]). Taylor, Weld, Branion, and Kay have 
presiuited evidence to show that action of large doses of irradiated ergosterol 
in jiroducing a rise in shtuiu calcium takes place through tlic intermediary 
of the parathyroid glands. 

Udie definition of a unit of vitamin 1) is taken as 1 mgm. of the international 
standard solution of irradiated ergosterol. 3'he biological estimation is 
judged by the line test.” Pui'e calciferol has an antirachitic activity of 
4(),(K)0 international units per mgm. 

Vitamin E (Ayitisterility factor; /I and y tocopherols ). — There are 
now Ixdieved to be two or three closely related factors in this vitamin which 
play an important part in reproduction, apparently through the intermediation 
of the anterior lobe of the pituitary gland. Female animals, when deprived 
of a sufficiency of these essential factors, show a characteristic type of 

28 



434 VITAMIN DEFICIENCY DISEASES 

secondary deficiency. In the male, a deficiency causes degeneration of the 
spermatogenic tissues. These vitamins are found in green plant tissues, but 
the richest source appears to be in the oil extract'd from the wheat embryo, 
and these products liave been employed with suci*(‘ss in habitual abortion 
in women. 

They are colourless and viscous oils, or alcohols, having th(' t;omposition 

^ 29 ^^ 50 ^ 2 * 

Vitamin K was discovered by Dam in studying the nutrition of chicks. 
During the course of the observations they develo{)ed subcutaneous and 
intramuscular haunorrhages, which did not ix‘S])ond to ascorbic acid, but did 
yield to extracts prepared from green vi'getables and liviT. 

This vitamin is fat-soluble, and appears to play an essential role in tin* 
formation oi prothroinhin, because a deficiency in animals is associated with 
a greatly decreased clotting time of the blood, and it probably plays a part 
in thrombocytopenic purpura and other blood diseases. 
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BERIBERI 

Synonyms. — Kalike : I-Jarbiers ; Polyneuritis Kndeinica. 

Definition. — jb'riberi is a form of multiple peripheral neuritis 
oeeiirrinj^ enclemieally, or as an epidemic, in most tropical and sub- 
tr()])ical climates, and also, under certain conditions, in more temperate 
latitudes. The mortality is considerable, death usually depending 
on heart f)aresis. 


History.-- BerilKTi was originally described by tin* early (diinese 
})}iysieians, and is said to be referred to in the Xeiching, a medical work 
attributed to Hwangti (a.e. 2()97). The sptH'ial nature of beriberi was recog- 
nized by the Dutch in tlie early years of their intercourse with the East. 
Later, it was studied by British physicians in India, particularly by Malcomsen, 
Carter, Waring, and Morelu^ad. Jt was not until an e])idemic in Brazil that 
beriberi b(‘gan to receive attention from a later generation of medical men ; 
and only when Anderson, Simmons. Scheube and Baelz took up the subject 
in Japan was it studied by modern methods, accurately defined, and its true 
pathology a|)}»rehcndcd. Scheube and Ihielz were the first to show distinctly 
that bcribiui is of th(‘ nature' of a j>c*ripheral neuritis simulating that of diph- 
theuia and ol alcoheJ a view sub.secpieiitly confirmed and adopted by 
lVk(‘lharing and Winklci', and by most sidisecpient observers. Mainly 
()\Ning to the investigations of Eijkman, Braddon, (4>o[)er, Erasi*r, Stanton, 
Funk, V(‘dd('i-, Hopkins, HauseUte, Chick, and Margaret Hume, its principal 
it may not be the' only a'tiologie'al fae'tor has be'en shown to be a dietary 
(*f whie'ii the sta])le ingre'die*nt is overmille*el rie'c e)r either c'emal which has 
been ele'jiriveel eif a substaiu'e*, eine of the vitamins, esse;*ntial to nutrition. 
Jansen and Donath isolateel the water-soluble vitamin B in a pure state from 
rice polishings, in the form of a crystalline hyelrochloride. 

Geographical distribution. — The anni of the endemic distri- 
bution of beriberi is coextensive, probably, with the tropical and 
subtropical belts. It was formerly the scourge of many of the mines 
and plantations of the iMalay and Eastern Archijielago. It was apt to 
break out among the coolie gangs (uigaged on extensive engineering 
works in the tropics, such as the Panama Canal or the Congo Railway 
It haunted the Dutch army in Sumatra, and used to be common enough 
in the British armies in India. It is at home in many parts of Japan, 
particularly in her large, low-lying, damp, overcrowded cities. It 
occurs in China, the Philippines, the Eastern Peninsula, India, and 
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Africa. We have iiacl accounts of a small epidemic among a group of 
Western Australian nativos, and also ajnong Chinese on tlio castrrn 
seaboard of Australia, a continent where beriberi was fornierly supposed 
not to exist. Some years ago beriberi broke out in a lunatic asylum in 
Dublin ; and appartmtly the same disease* has bt‘en seen in similar 
institutions in the United States and in France, and a]>o among flu* 
Newfoundland lisbernv*n and those on tlu* North Anu‘rican coast. 
Tomasson has rej)orted (1933) an epidemic in the W(*stman Islands, 
Iceland. The di(*t consisted of fn'sh fish which, (‘Vt*n in large quantities, 
is deficient in vitamin Bj. Elshout and Jjentjes d(*scribe a similar 
epidemic amongst prisoners on an island off Holland. 

Epidemiology and endemiology. — Sex, ru/e, occupation, etc . — 
Beriberi attacks both sexes. It is not uncommon in the breast-fed 
infants of beriberic mothers. This form, called infantile beriberi, 
may declare itself in varyiug ways. 

SJiip beriberi . — Beriberi is prevalent among the native crews, more 
rarely, though occasionally, among the European ofiicers and sailors, 
of ships on the high seas and far away from any rectait telluric influence*. 
The crowding in the damp forecastle and the exposure incident to a 
sailor’s life seem to be among the reasons, thougli not the only ones, 
for ship beril)(*ri. 

From 1894 up to 19:20, or tiiereaUouts, tin* disease was common in 
lhiro])ean crews of Swedish and Norw(*gian ships, which ar(‘ in far 
better sanitary condition than British shi})s, and yet beriberi is com- 
parativc'ly rare in the latter. ^ The modern explanation of this 
occurrence is found in the fact that, sinc<* the year named, the crews 
of the Norw(*gian iTiercantile marine have Ixhti provid(*d, under the 
terms of a statute, with bread baked from white Hour, or a mixture of 
wheat and rye, so that their diet was inadequate* in vitamin supply. 
Shi]) h(*riberi holds a place internu*diat(* h(*tween true l)eriheri and 
scurvy, and is closely related to the disease found among the Rand 
miners of South Africa. A similar disease has recently beeui noted 
amongst the wliale fishers of South Georgia. In Newfoundland beriberi 
of both forms is found at times when the diet is reduced to a rcigirno of 
br(‘ad and molasses (Aykroyd). 

Asyhou beriheri.—Tho Dublin lunatic asylum, built for 1,000 
inmates, had 1,500 inmat(*s crowd(*d into it> w}u*n bt!rih(*ri broke out, 
so that the conditions resembled those found in a ship’s forecastle, 
already alluded to. 

^Etiology. — The earliest investigators of beriberi believed that 
it was a degenerative multiple neuritis indistinguisha])le from that 
produced by alcohol or diphtheria, and that it was due to an infection 
or intoxication, and much effort has been directed to the discovery 
of the poison. AH these theories are now a matter of history, for they 
have been replaced by the vitamin-deficiency theory, which it is now 
proposed to outline. 

1 A number of cases have been reported from H.M. ships in tlie Iranian Gulf. 
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Beriberi arid Rice : V itamin-deficAency Theory 

History. -llio modern conception dawned in 1881, but it was a ray 
of light which was rapidly extinguished. In that year I-uriin, in Bunge’s 
School in Basel, fed mice upon an artificially-composed milk and found that 
they would not survive. The existence of some mythical substances essential 
to nutrition was rediscovered by Socin in 1891 and again by Pekelharing 
fourtf'en ^'ears later ; but again these conclusions were unfortunately for- 
gotten. To C. Kijkman from 1890 onwards, and esyK'cially to Grijns, must 
Vjc given the credit of proving the existence of a food-deficiimcy disease. 
In 1907 Braddon first established the con'cctness of Eijkman’s former 
observations in man, and these were supported by Fraser and Stanton 
in Malaya and by the classii^al experiments of Hopkins in England — experi- 
ments directed to the recognition of the constituents of foixl necessary 
for growth. 

In 1911 Funk attemyited to isolate the active y)rin(‘iple in rice-y>olishings 
and he was tlie first to use the term “ vitamine ” {afterwards altered to 
vitnvnn), and in 1912 he classified pellagra amongst tlie food -deficiency 
diseases. In America th(‘ rec^ognition among workers on nutrition that 
vitamins ar(‘ (‘ssential to life caim* slowly. Osborne and Mendel were 
early in the field and they, as well as McCollum and Davis, olitained re- 
sults whic h differeil from those of Hopkins, but the discrepancies were 
later found to lie in the jairity of the lactose they employed for their 
experiments. 

There still remain divergencies of opinion uyion the exact interpretation 
of vitamin-defu'iency and beriberi ; according to McCarrison the toxic agent 
is produced during metabolism, which itstdf has l>een disordered by vitamin-B 
deficiency, though the toxic substances in the rice itself ])lay no part. Recently 
Bernard and others have* revived the bacillary theory. An organism, Bardins 
asOtevogenes, is, they ass^'rt, found in various foods, especially rice, and it 
becomes ]iathogenic in the digestive tract where it givi's ris(' to a toxin 
which j)roduces the definite classical yiicture of beriberi. 

Thanks to th(‘ pioiUTU’ work of Fijkman (1897), Grijns, Braddon, Fraser, 
and Stanton, we now know that the beriberi of th(‘ Fasku'n Peninsula, (T 
the EashuTi Archijielago, of the Philippines, of China and of flapan, is a 
sequel of a diet into which overmilled rice enters as the princiyxil element, 
that is, rice from which the entire pericarp and g(‘nn have been removed ; 
and that in this pericarj) and germ tiu're is a substance essential to the yiroper 
nutrition of th(‘ nervous system of man and of many other warm-blooded 
vertebrates. 

If a fou 1 be fed exclusively on “ paddi^" that is, rice from which the husk 
lias not b(‘en removed, th(‘ fowl will thrive and \a‘ry likely gain weight ; but 
if it be fed exclusively on a diet of white rice and grain, that is, rice from 
which tlu‘ peric'arj) has been comyiletely removed, after a short time it will 
show signs of peripheral neuritis, lose weight, and, if the exclusive diet be 
yiersisU'd in, die with all the signs of a multiyile yieriyiheral neuritis. If a fowl 
or yiigeon which, in consequence of such a diet, has begun to show signs of 
yieriyiheral neuritis be giviui regularly some of the polishings of the rice, that 
is, the dust or remains of the yieriearyi which had been removed in the yirocess 
of milling, it will gradually lose the signs of neuritis, gain in weight, and 
recover. The neuritis — polyneuritis gallinarum (or p. columharum) as it is 
called — is evidently the result of the dey^rivation of some element of food 
essential for the y^roper nutrition of the nervous system of the bird, and this 
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element is located in the pericarp and germ of the rice grain (Figs. 48, 49). 
Almost miraculous recoveries in the stricken birds take place after hypodermic 
injection of an extract of the germ centre of wheat or other cereal. 

The greater part of the rice grain is starch, and covering the central 
starch core there is a thin aleurone layer containing the proteid and fat con- 
stituents of the grain. Fxternally there is an adherent layer, the pericarp, 
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Fig. 48. — Showing the 
various stages in milling 
of the rice grain. I, Rice 
grain in the natural 
condition enclosed in the 
husk or enclosing glumes; 

2, After removal of the 
husk, but retaining the 
pericarp or “ silver- 
skin ” and the embryo ; 

3, After milting and 
polishing ; both “ silver- 
skin ” and embryo are 
removed and the grains 
are “ polished” by rubbing 
with talc between sheep- 
skins. {After Chick and 
Ihme, “ Trann. Sac. Tr(tp. 



Fig. 49. Diagram of longitudinal sec- 
tion through a grain of wheat 
showing (a) aleurone layer of ceMs 
forming the outermost layer of the en- 
dosperm, removed with the pericarp 
during milling ; (b) pericarp form- 
ing the branny envelope ; (e) paren- 
chymatous cells of the endosperm ; 
(g) embryo or germ. ( Ihj pemiUsion 
of II. M. Stall one nj (tfJU'f, from Dr. 
J. M. IIamiU\s “ lie pm t on the 
Value of Bread made from Different 


which varies in colour from red to white ac(;ording to the variety of the rice. 
The pericarp contains the salts. The grain itself is covered by a husk, which 
is discarded as chaff. 

Conditions under which rice is grown . — Tlice grows normally in puddled 
fields in which a layer of water is allowed to remain till the grain is almost 
ready for reaping, and this puddled rice has a nutritio value of approximately 
one-third less than the same rice grown under dry rain-fed conditions ; it con- 
tains also a lower content of vitamin B. The Chinese eat mostly polished rice, 
normally obtaining their store of vitamin B from fresh vegetables, shortage 
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of which has from time to time led to a great increase of beriberi in Malaya. 
(See also Chap. II, p. 35.) 

Fraser and Stanton showed — and their observations have been abundantly 
confirmed — that the antineuritic element is located in the pericarp of the 
rice grain, in the aleurone layer, and in the embryo of the grain, that it is 
soluble in w'ater and alcohol, is stable in acid but unstable in alkaline solutions, 
is thermolabile — being destroyed by a temperature of 130° C. — and tha^ it 
is dialj^sable ; that it is not a phytin or a fat, and that, although itself not 
containing phosphorus, the amount of phosphorus in any given rice is a 
reliable indication of the safety, or otherwise, of that ric^ as a staple article 
of food. Kice containing less than 0-4 f>er cent, of I* 20^ they considered 
unsafe, and believed that its jiersistent use may lead to beriberi. 

The polyneuritis of the fowl is identical clinically and a^tiologically 
with the polyneuritis, called beriberi, occurring in man. For, as has been 
both accidentally and intentionally done, if the same experiment with rice- 
feeding be tried on man the result is identical — beriberi is induced. Thus, 
following the lines of the earlier experiments of William Fletcher, Fraser, 
and Stanton, Strong and Crowell conducted a series of experiments on tw enty- 
four life-senUuiced prisoners, and were able to prove (a) the non-communic- 
ability of the disease, and (b) its pnxluction in man solely by means of diet. 
A similar condition has been produced in rats. 

The discovery of avian polyneuritis and its relationship to human beriberi 
has recently been the subject of much discussion. Though no reasonable 
doubt can exist that deprivation of the antineuritic vitiimin must be regarded 
as the cardinal factor in both diseases, yet the diversity of their pathology 
and synij)tomatology and the uncertainty as to the role played by other 
ingrodi(?nts of the vitamin- B complex (see p. 428) has made the problem more 
abstruse than it formerly aj)peared to be. McCarrison has distinguished tw'o 
t v}K*s of this avian disease, polyneuritis columbaruni and beriberi col uinbarum ; 
the former is characterized by symptoms attributable to derangement of the 
nervous system, the latter is distinguished by hypertrophy and dilatation of 
the heart, associatt'd with fatty degeneration. 

Acting on tlic'sc findings, the governments of Singapore and the 
Federated Malay States interdicted the use of wliite or polished rice 
in their jails, lunatic asylums, scliools, and hospitals, with the result 
that beriberi, which until tlien had been the cause of an enormous 
mortality and morbidity, has been practically banished from these 
institutions. Corresponding results have accrued from the same 
practice in Dutch Malaya, in the Philippines, and elsewhere. In 
India, however, as McCarrison has pointed o\it, the problem is not so 
simple. Decorticated rice is practically the staple diet of many 
millions in India, though beriberi is endemic only in a few circum- 
scribed areas of Bengal and Assam, the north-east coast of Madras, 
the coast of Burma, and certain river valleys. The basal factor in 
India has to be considered as a fundamentally poor diet, whether of 
rice or other food grains. 

True beriberi may therefore not be due to a complete absence 
of vitamin Bj, but to an insufficiency of it. 

The period of development of beriberi in man has been determined 
by Fraser and Stanton as varying between eighty and ninety days. 
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Clear and eoiniiieiiig evideiico has been accumulated from many 
lands that the substitution of under-milled for milled rice will cause 
beriberi to disappear in India. 

Vitamin {nneurin) has been found to be ne(^essary for the growth and 
maintenance of mammals, birds, amphibians, and even insects, and all 
nUimmals possess a definite capacity for storing and utilizing this vitamin ; 
in the rat this suffices to last three weeks. Deprivation of vitamin B, has 
an immediate effect upon intake and metabolism, so that the malnutrition 
resulting from lowered intake may be responsible for many of th(^ features 
of an avitaminosis, and })robably it has a distinct influence upon glandular 
secretion. In the cas(‘ of the adrenal, it causes an incr(‘ase of tlu* adrenalin 
content and hvpertro})hv of the adrenal cortex ; there is also atrophy of the 
sexual organs. Continued vitamin-B, deficiency leads to a lowered resistance 
to bacterial infection in animals, correlated with the fall in hod y-temiK*rature 
(Findlay). 

By employing Fuller’s earth and kaolin to adsorb the vitamins from 
autolysed yeast, the highest concentrations have been obtained. Jansen 
and Donath in 1926 announced the isolation of Bj in a crystalline form, which 
has been further analysed by Windaus, Tscheche, and others ; this led to 
the formula CigHj-ON-jS for the free base, of which the sulphur content is 
to be noted. An acid (day (pHr,) preparation for rice ])olishings is largely 
used in Java for the cure of beriberi and fijrms a satisfactory and stable 
preparation of vitamin l^j. 

Vitamin (also known as aneurin or tliiamine) is present in greatest 
quantity in akajliolic yeast extracts, and is extnunely thermolable in 
that state ; lije syntlietic ])roduct, however, is thermostable and will 
stand the autoelav(* at 12(B C. for thirty minutes. The main features 
of experimentally-produced deficiency in man are decreased sugar- 
tolerance, the onset of nervous symptoms, changes in ternpiTature, lack 
of accurate vision, brad^^cardia, and, sometinu's, o'denia. In emhunic 
beriberi areas the vitamin-B ^ content of the daily di(‘t av(irages aboiP 
0-5 ingin. })er head. An intaloi of ()-75 ingm. of B^ daily represents the 
border line of supply. The nK^asureinent of Bi in human urine can 
be used as an index of nutritional level, and Harris, Leong and Ungley 
(1938) have shown that it can be thus measured by the bradycardia 
method. The excretion is graded according to the dietary intake. 
Thus normal persons in England excrete 2() international units per 
diem, while hospital patients excrete about 5 internatio/ial units. 
Excretion of 3-5 units or less is found in beriberi, })olyneuritis, and other 
deficiencies. The presence of pyruvic acid in the blood, urine, and 
corobro-spinal fluid can now be taken as an indi(;atiori of vitamin-Bj 
deficiency. The normal level of pyruvic acid in the blood is 0-5 mgm. 
per 100 grin. It has been found that an increased intake of Bj will 
raise the level of blood-pyruvic-acid in fulminating cas(is of beriberi ; 
usually 1,000-2,000 international units (2-4 mg. of crystalline vitamin) 
are needed in acute cases to restore normal conditions as regards this 
substance. Platt and Lu state that the presence of pyruvic aia’d, as 
shown by chemical tests, has been fully confirmed by isolation from the 
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blood of the 2 : 4 dinitrophenyl-hydrazine of pyruvic acid in sufficient 
amounts for analysis. In dry paraplegic beriberi, normal values are 
found. The amount of bisulphite-binding substance (BBS) present in 
the blood appears to follow the degree of vitamin Bi deficiency. By 
means of these tests, there are indications that much larger doses of B^ 
may be needed than have hitherto been employed. The optimum is 
now estimat(Hl at 20 international units per kilo Ixaly weight. Infants 
of one year should receive 275-300 units a day, or 1 mgm. of crystalline 
Bj, should be taken as sufficient. 

Secondary }ioriberi . — The preparation of a purified crystalline 
vitamin Bi, which exerts distinct therapeutic action, has shed light on 
a great many other conditions, and it is now believed by neurologists 
that many other forms of neuritis are explicable on a vitamin-deficiency 
basis. Shattuck has been prominent in emphasizing this view, and he 
believes that thvre is a close relationship between beriberi, alcoholic 
polyneuritis, Korsakoff’s syndrome, and Landry’s paralysis. 

Predisposing Jdctors . — Certain subsidiary factors predispose towards 
btTiberi. (liven the necessary food restrictions, any lowering of the 
general resistance of the body may lead to the rapid development of 
this disease. Thus, it often makes its appearance during pregnancy, 
lactation, after surgical operations, or during convalescence from 
infectious and debilitating diseases, such as dysentery, malaria, and 
(‘iiteric. Breast-fed babies of mothers suffering from the disease are 
themselves liable to suffer from it. 

Pathology. — I’here in very Utile to be siiid about the post-mortem 
appearauees in beriberi which is not covered by the accepted descriptions 
of the lesions of peripheral neuritis. There is a degeneration of the peripheral 
nervals — more especially of their distal ends — and there is secondary atrophic 
degeneration of muscle, including that of the heart, which ma}^ be the subject 
of an acute fatty degeiu'ration like that in diphtheria. Degenerative nerve- 
changes may be detected in the nerve-centres and throughout the implicated 
neurones, as in other forms of peripheral neuritis. There is invariably an 
involvement of the vagus, with degenerative changes in its root in the floor 
of the fourth ventricle. Microscopically the nerve-trunks show changes from 
a slight medullary degeneration to complete destruction of the nerve ( Wallerian 
degeneration). Recent work on the nerve-changes shows that regenerative 
processes occur side by side with the degenerative (Fig. 50). As a rule, 
some fibres in the vagus and sympathetic escape ; thus the cardiac branches 
in the heart- muscle and the bronchial and oesophageal twigs are usually 
unaffected. According to \'edder, the membranes of the spinal cord are 
often congested and (edematous ; scattered fibres in all tracts show the same 
kind of changes as are found in the peripheral nerves. Degenerati\"e changes 
are also found in the anterior and posterior horn cells, as well as in the 
sympathetic ganglia. These facta have led him to state that the condition 
is not a simple neuritis, but a degeneration of the entire central nervous system. 
If there is anything peculiar about the post-mortem appearances in beriberi, 
it arises from the somewhat special implication of the central and j)eripheral 
organs of the circulation — namely, dilatation of the heart, especially of the 
right side, and great accumulation of blood in the right heart and in the 
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veins. In addition, there is a marked liability in many cases to serous effusion 
into the pericardium, pleural cavities, peritoneum, and cellular tissue. This 
very marked liability to serous effusion and the tendency to cardiac dilatation 
may be said to be more or less distinctive of beriberi as compared with other 
forms of multiple neuritis. The oedema of the cardiac muscle naturally 



Fig. 50. — Longitudinal section of external popliteal nerve in beriberi. 

One mcdullated fibre in centre is practically intact; the others siiow typical lrat,nnentation of 
myelin siicath with swelling of remains of nerve-fibre. 

{Orig. case, from a preparation by Dr. A. C. Stcvcnsoyi .) 

interferes with the normal fluid exchange within the fihn's and therefore 
with its contractibility. According to Mebius, when vitamin Bj is deficient, 
full muscular contractibility is impossible owing to water absorption 
(Wenckebach). Findlay has suggested that vitamin B| is an essential factor 
in the synthesis of animal nucleic acid by the body. Without doubt water- 
retention in beriberi is of the greatest importance in elucidating the mechanism 
of symptom production. (Edema of the lungs also is not uncommon, and 
has, probably, a pathology similar to that ot the connective-tissue oedema. 
There is no nephritis. The only lesion that might be considered specific 
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in beriberi is the duodenitis, which may be present in acute cases during 
the first three weeks of the disease, though this is not invariable. 

The general affection of the whole nervous system, involving 
the central and peripheral structures, is identical with that found 
in diphtheritic or alcoholic neuritis. 



rig. 51.— Ataxic or paraplegic beriberi, showing characteristic 
attitude. {Orig.) 

Symptoms. — B(‘riberi assumes varying clinical forms according 
to the extent and position of the nervous lesions. As a rule, it is 
insidious in its onset, but it may occasionally be ushered in by acute 
symptoms ending fatally within a few hours without any develop- 
ment of symptoms referable to the nen^ous system. As a general 
rule, it is classified into two main forms, according as the peripheral 
nerves or the cardiovascular system are most affected. The former 
cases are known as paraplegic or “ dry ” beriberi, the latter as 
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oedematons or “ wet ” beriberi. It must be understood that in all 
its forms beriberi is considered to be the same disease, and that a 
clinical classification has but a conventional value. In all clinical 
forms of the disease sudden death is liable to occur from heart-failure. 

Paraplegic cases . — On examining one of the paraplegic cases referred 
to (Fig. 51), it will be found that, besides parapk'gia of greater or 
lesser degree, there is a certain amount of anesthesia or of numbness 
of the skin, particularly of the skin over the front of the tibie, the 
dorsa of the feet, the sides of the thighs, perhaps also of the finger- 
tips, and of one or tAvo areas on the arms and the trunk. Deep 
sensibility (Abadie’s sign) elicited by compression of the Achilles 
tendon is usually numbed or entirely lost. The visitor may be struck 
with the thinness of the patient’s calves and the tiabby state of tlu' 
gastrocnemii ; and by the fact that if, whilst making the examination, 
he should handle these and the neighbouring muscles somewhat roughly, 
particularly if lie should squeeze them against the underlying bones, 
the patient will call out in pain and try to drag the limb away. The 
thigh muscles may be similarly affected, and so may the tlaaiar, the 
hypothenar, the plantar, and the arm muscles ; like the calf inuscl(‘s, 
these too may be wasted and tiabby and exhibit fibrillary twitchings. 
Very probably there is a loss of fat as well, the panniculus adiposus 
being everywhere meagre. If tested electrically, the muscles (‘xhihit 
to perfection the reaction of degeneration. If the knee refk^x he 
tested in the usual way, after the first week of the disease there will 
be no response whatever ; nor can any clonus be elicit(*d, ])ut oc(‘asion- 
ally a reflex contraction of the hamstrings may take place, giving a false 
impression of a knee-jerk. As a rule, all tlie deej) reflexes are lost ; 
but the superficial reflexes, unless in extreme conditions of paresis 
and muscular atrophy, are usually })resent and nion* or k'ss active'. 
If, in severe cases, the patient is s(^t to button his jacket or to picK 
up a pin, possibly he has a difficulty about it, or perhaj)S he cannot ; 
he may bungle and fumble lik(^ an advanced ataxic. The* fil.)res of 
affected muscles, when struck with a patellar haimnc'r, often contract 
locally in a particularly painful manner known as mymdema. There 
may be actual wrist- drop (Fig. 52). 

There is more than ataxia, however, for the hand-g»‘asp is so 
enfeebled that the patient may have a difficulty in holding his rice- 
bowl as well as in feeding himself. There is no tremor of the hands ; 
and never or very rarely is there any paresis of the ocular muscles, 
or of the muscles of the face, of mastication, of the tongue, or of the 
pharynx. The sphincters and bladder operate satisfactorily, and 
the functions of the alimentary canal are carried on fairly well, although 
there is often some dyspeptic distension and oppression after food. 
On the patient being got out of bed and started to walk, if he is able 
to progress at all his gait will be markedly ataxic ; but he is not ataxic 
merely, for, just as with the hands, it will be seen that, in addition to 
want of co-ordinating power, there is great muscular weakness. If 
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he is laid on the bed and asked to raise his legs, he is perhaps hardly 
able to get them off the mat, to cross them, or to place them one foot 
on top of the other. Very probably he is the subject of marked ankle- 
drop, so that he drags his toes when he attempts, in walking, to 
advance the foot ; he has therefore to raise the foot very high, letting 
it fall on the ground with a flop whcm he brings it down again. His 
ataxia and his muscular weakness, as well as the partial anaesthesia 
from which he suffers, force him to adopt a variety of devices to assist 



FuK. 52. — Paraplejjic beriberi, showing wasting of 
extensor muscles and wrist-drop. {Orig.) 

him in progression. Manifestly, these patients are suffering from 
some form of peripheral neuritis. 

The general health is good for the most part ; the tongue is clean, 
the bowels are fairly regular, there is no fever, and there is nothing 
amiss with the urine. Digestion, assimilation, and excretion go on 
satisfactorily. 

llie heart and circulation . — When the heart is examined, if the 
case be at all recent or moderately severe, attention is at once arrested. 
On inspection it may be remarked that the impulse is diffuse ; that 
there is epigastric pulsation ; that the carotids throb too violently ; 
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that there is that peculiar wobbling, pulsating movement in the jugulars 
that denotes tricuspid insufficiency. On percussion the prsecordial 
area is frequently found to be enlarged, perhaps very greatly enlarged, 
especially to the right ; and on auscultation loud bruits, usually 
systolic in rhythm, may be heard. ]\larked reduplication of the 
sounds, particularly of the second sound, is <o l)t‘ noted. The auscul- 
tator may be impressed, in a large proporlion of cases, by the peculiar 
spacing of the intervals between the sounds. It may be hardly possible 
to tell by the ear alone wliicli is tla^ lirst pause and whicli is the second. 
They seem alike in point of duration ; so that the sounds of tlie heart 
are, like the beats of a well-hung pcaidulum clock, eveidy spaced, and 
not, as they are in healtli, s(*parated by a long and a short interval like 
the beats of a badly-hung clock. It will also b(‘ obsiTved that tlu^ 
heart is very irritabk', becoming easily quickened by exi'rtion. It will 
bo judged, therefon*, that in addition to peripheral lUMiritis there is 
serious disease in the circulatory system, particularly in its innervation ; 
that there is dilatation of th(‘ riglit side of thi^ heart, and that tiien* is 
a state of relaxed arterial tension, ddu'n? is a. wide rangt* in the ])ulse- 
pressure in cardiac beriberi, and it lias betai sliown by Aalsna^er and 
Jlichter that there is almost invariably a low diastidic bJood-pnvssun* 
which can be influenced by tli(‘ injection of adrenalin (the adnaialin 
effect). Pitressin raises the diastolic pressure from almost /(‘ro to 75 mm. 
and tlie venous pressure falls : this heneticial effect may last 1 J hours. 

The cardiac enlargement in human beriberi has been ascrilx'd by Aalsmeer 
and Wenckebach to oedema of the heart-muscle, which results in an inUT- 
ference with its contractile power without disturbance of its excitability. 

Wenckebach investigated a number of cases of beriberi in the Dutch l^ast 
Indies and Singapore, and took sj)ecial ])recautions to inj(‘ct liaidcning fluid, 
and he was thereby able to confirm the presence of cculain gross auatomicul 
changes which an* d(‘monstrable during life by radiogra}>h y. The \\h( f)f 
the right side of tlie heart is greatly enlarg(‘d. whiles tin; left remains < un- 
paratively small ; the conus arUTiosus takes jiart in the chauge. Tlu* 1 rge 
systemic veins are commonly dilated, and as much as ihna; litre's of bh)od 
escaped from the right auricle. The extraperieardial jiulmonary ve ssels 
are not abnormally congested. Micrcm'Opic examinatiem of the he-art muscle 
after death revealed intracellular (edema, sarcolysis, and hydropic degene'ra- 
tion, probably primarily due to excess of lactie; acid, brought about by 
defective oxygenation (.see p. 428). The primary lesion is, tlu're'fore*, a loss of 
contract! bill ty of the heart muscle related to wah'r retention, w ith eonse(]uent 
loss of peripheral vascular tone. The clinical pi('ture and its resfionse to 
adrenalin and pitressin, together with the lowa'ring of diastolic pressure 
commonly observed is in accordance with these findings. 

Aalsmeer has now employed the results of these obsc'i vations as a })ractical 
test to indicate the stage of the disease and response to tu'atment. ddie 
diastolic pressure is know n as the “ minimum tone pressure,’' because it is 
the pressure registered by the sphygmomanometer at th(; moment when the 
auscultatory bruit disappears with decompresfion of the brachial artery. 
The essence of the test is that, when the diastolic; pressure w- registf^red, the 
administration of adrenalin in hypodermic doses of 1 mgm. w ill be found, if 
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observations are taken at five-minute intervals, to bring the pressure down 
to zero in an unourod case of beriberi. That is to say that the auscultatory 
murmur will jxTsist during complete relaxation of the pressure on the artery 
as long as the patient is under the influence of adrenalin. 

Dropsical cases (\v(‘t beriberi). — In the next bed, perhaps, to the 
patient whoso y)ietiire has been drawn may be seen another suffering 
irom apjjaneitly quite a different affliction (Fig. 53). Instead of being 
wasted, his face is puffy and heavy ; his lips possibly are slightly 
cyanosed ; and his arms, hands, trunk, legs, and feet are distended 
with (edema. It may be thought from the oedema that it is a case 
of acute nej)hritis, but an examination of the scanty, dark-coloured 
urine shows that it is of higli specific gravity and contains no albumin, 
or only a mere trac(‘ ; so tliat the case cannot be one of acute Bright’s 



Fij;. 53. — Wet or mdematous beriberi. {Orig.) 


disease. Candul observation will discover that the oedema is some- 
what firmer than that of nephritis and, in not a few instances, that it 
d(jes not involv(‘ the scrotum. Occasionally cases are met with in 
which the oahana is peculiarly localized and fugitive. If attention be 
directed to the heart, a bruit and other evidences of dilatation of 
tlie organ and of arterial relaxation, just as in the first case, are 
discovered. Occasionally irregularity may be associated with slowing 
of the heart-b(‘at, and it is probable that heart-block may occur in 
such cases. The pulse is invariably of low tension. If the lungs 
bo examined, one may (or may not) discover signs of single or double 
hydrothorax, although, probably, not to a very great extent. The 
lungs themselves are healthy. On getting him out of bed it is found 
that the patient can hardly walk — partly from breathlessness, partly 
on account of mechanical interference by the dropsy with the move- 
ments of the legs, partly, perhaps, from some degree of paresis. He 
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has ankle-drop, possibly ; and, if firm pressure be brought to bear 
on the calf-muscles through the oedema, signs of hypera?sthesia of 
the muscles may or may not be elicited. Knee-jerks are gcaierally 
absent, and there is numbness of the shins and finger-tips. The tongu(‘ 
is clean, the appetite fair, and there is no fever. But there may be 
complaint of pra^cordial distress and even pain, and, as this is aggra- 
vated by a full meal, the patient eats sparingly. The amount of urine 
is generally very much reduced — to a few ounces, even. 

In this patient, therefore, there are the same signs of peripheral 
neuritis and of dilatation of the heart as in the other case. In addition 
there is a somewdiat firm mdeina, which is not alfogethtT cardiac, 
but, as its character and the circumstances in which it is found suggest, 
is probably connected partly with lesion of the nerves regulating 
urinary excretion, and partly with the play of transudation and absorj)- 
tion in the connective tissues. 

Great variety in degree and comlnnaiion of symptoins . — Some cases 
are so trifling that the patients are up and moving about with more 
or less freedom ; other patients are so severely smitten that they lie 
like logs in their beds, unable to move a limb or perhaps even a finger. 
Some are atrophied to skeletons, otliers are swollen out >vith dropsy, 
and some show just sufficient dropsy to concc^al the atrophy that the 
muscles have undergone. I’hough the cranial nerves above tlie sevcaitij 
are very rarely involved, in some it will be noticed that the laryngeal 
muscles are paralysed, the patient being unable to sj)eak above a 
whisper or to produce an explosive cough. In one or two cases the 
abdominal and the perineal muscles may be so profoundly paralysed 
that, when the cough is attempted, at most a husky expiration is 
produced, while the belly is bulged forward and tlie j)erineum shot 
downward by the sudden contraction of the musck's of expiration. 
In practically all cases of over a fortnight’s standing the knee-jerk 
and tendo- Achilles reflex are absent, though the latter often piTsists 
after the former has disappeared ; at the very commencement of the 
disease these deep reflexes are exaggerated, gradually disappearing as 
symptoms develop, not to reappear for months, })erhaps, after the 
patient is well in all other respects. In some epidemic outbreaks, 
as, for instance, in Iraq in 1916, an irregular pyrexia, seldom exceeding 
100° F., has been noted. 

Uncertain course . — Beriberi slowly or rapidly declares itself after 
an incubation period of weeks or months ; it may bo preceded by a 
period of intermitting languor, aching legs, palpitations, br('athlessne8s, 
slowly advancing mdema of legs or face ; or the patient may wake up 
some morning and find that during the night he has become dropsical 
or paretic. Thus the disease may develop slowly or rapidly. Equally 
uncertain are its progress and danger ; within a day or a week, or at 
any time during its course, it may as ume fulminating malignant 
characters. It may completely subside in a few days, or it may drag 
on for months. It may get well apparently and then relapse. It may, 



ALCOHOLIC BERIBERI 


449 


and generally does, clear up completely ; or it may leave a dilated 
heart, or atrophied limb muscles with corresponding deformity. The 
vari(‘ty in the severity, })rogress, and duration of beriberi is infinite ; 
but in all cas(is the essential symptoms are the same — greater or less 
ojdeina, especially over the shins ; muscular feebleness and hyper- 
lesthesia, especially of the legs ; numbness, especially of the front 
of the shins, of the finger-tips, occasionally of the lips ; liability to 
palpitation from cardiac dilatation, and to sudden death from the 
same cause. 

('(irdinc (iftachs. -MoM. cases die from pan.-sis and over-distention 
of tlie right lanirt, complicated and aggravated by (jedema of tlie 
lungs, by diaphragmatic paralysis, by hydrothorax or by hydro- 
ptTicnrdium. Sudden cardiac failure (called by th(3 Japanese “Shoshin”) 
is ofl(‘n (contributed to by the (a)-existence of pleural effusion, hydro- 
p(‘ricardium, paresis of the diaphragm, over-distcmsion of th(c stomach 
l)y food or gas, and, above all, by aulema of the lungs. It can readily 
be understood how the establishment of any additional obstruction 
of this d(*scri})tion wraild still further tax the dilated, enfeebled heart 
and determine the fatal issue. 

Secondary beriberi. Alcoholic beriberi. — It has long been 
r(‘cogniz(Ml tliat alcoliolic inairitis resembles in maj}y respects the dry 
form of berilxTi. It rt'sembles it so closely that in recent years the 
id(‘a has gained ground that this resemblanct' is more than fortuitous, 
and that in both conditions tluTe is an antecedent deficiency of vitamin 
J),. The th(‘on'tical considerations advanced by Shattuck have led 
to tlK‘ r(‘cognition (.)f a variety of intestinal conditions in which poly- 
neuritis may occur, such as gastric carcinoma, chronic intestinal 
obstruction, and even ulcerative colitis, and, in the opinion of some 
ol)S(*r\ (‘rs, all tlu'se should be included under the heading of secondary 
beriberi. Much work has already been done in alcoholic beriberi to 
confirm this iiitiTesting hypotlu'sis. Cases have been reported of 
alcoholic addicts with congi'stive heart failure and polyneuritis who 
hav(5 rt'covered completely after tn.‘atjnent by rest, a high caloric diet, 
and vitamin 11 j. 

Mult i[)l(‘ factors are ])robably conciTued in the production of alc(jholic 
bi*rii)eri, including dtd’ects in diet and assimilation acting in conjunction 
with increas(‘d tissue rtupiirements for vitamin il, due to an increased 
rate or type of metabolism, ^lany cases of alcoholic neuritis have now 
been cunxi by the co?itinued injection of vitamin Bj. Weiss and 
Wilkins (193(1) have described the clinical syndrome of cardiac beriberi 
associattxl with alcoholic gastritis, which resembles tlie classical form 
of the disease. 

It has beiui argiuMl by Strauss that the polyneuritis oj pregnancy 
may be of the same nature when ]>ernicious vomiting occurs. In 
diabetic Jieuritis, it has betui shown that the injection of vitamin B^ 
exerts an intluonce upon carbohydrate metabolism. 

29 
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Burning Feet 

Synonyms. — “ Chachaleli ” (SoniaiiJand) ,* “ Barasheh.” 

This is a very chronic condition which lias been recognized in Malaya, 
British Guiana, West Africa, and Somaliland for many years. Jluchanan 
has reported upon a series of over 100 cases from Somaliland. Pain is usually 
generalized, but may occur in various localities, particularly the joints, and 
at the back of the neck and in the shoulders. 

In 82 per cent, of the patients, there was solid (edema of varying degree, 
whilst there was thickening of the subcutaneous tissues, especially of the 
thighs, abdomen, and pectoral and deltoid areas in 41 per cent. Epigastric 
pain is common and constipation the rule. The knee-jerks arc di!niiiish(3d 
in 39 per cent, of cases. In Malaya, Kingsbury has noU'd sixUnai cases, all, 
with one exception, in Southern Indians. The patients coinjilain of severe 
“ burning feet,” usually limited to the soles, but occasionally involving the 
lower part of the legs. In some instances the pain was definitely worse in 
the mornings and was always intensified by walking. Sometimes there is a 
definite history of formication. This condition is considered to be a deficiency 
disease and in some way connected with beriberi, and to be curable by 
administration of vitamin ]5j 

War oedema ; famine oedema ; nutritional oedema. — This aHlema 
is more pronounced than in ordinary cases of starvation, and other 
causes than mere lack of sufficient nutriment are at work. It is most 
pronounced in the feet and legs, and marked muscular weakness and 
alimentary-tract disturbance is common. When there was a shortage of 
fats, as in Central Europe during the Great War, ocular manifestations 
were frequently noted. In Java and Haiti a form of inalnutritional (edema 
is prevalent among individuals whose diet is inadequate, and amongst infants 
fed on a preponderatingly starchy diet over a long period. In these a 
generalized dropsy similar to bimine (edema and cedeimitous beriberi is 
observed. Though resembling (edematous beriberi, this condition is probably 
not due to vitamin deficiency, but to lack of albumin and fats in the food. 
Blood analysis reveals a deficiency in the albumin-content. I'he condition i'j 
curable by a liberal dietary. 

Mortality. — The iiKjrfality in beriberi varies in different epi- 
demies and in different localities. On tlie whole, it is greater in low 
than in high latitudes, in the dropsical than in the atropliic forms, 
in the acute than in the chnmic. In some epidemics it is as high as 
30 per cent, of those attacked ; in others as low as G per cent., or even 
lower. 

Infantile beriberi. — This form is common in Egypt, the 
Philippine Islands, South China and certain I’acific Islands, and causes 
a high infantile death-rate. In the IJjilippiiK^s (^specially it was a 
terrible scourge, accounting for 16,500 deaths annually, or 28-1 per 
cent, of total deatlis in infants under (jne year. It is not nec(‘ssary to 
regard it as resembling adult beriberi in miniature, for it differs in many 
essentials. The disease often occurs in the rainy season. It is never 
seen in Caucasians and rarely in half-castes and should be regarded 
as strikingly a disease of poverty. It usually affects breast-fed infants 
of mothers who are either themselves victims of the disease or subsist 
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on a poor in vitatiiins. Roinoving the infant from the breast, 
or adininistoring an extract of rice bran, usually leads to a rapid cure. 
The nuijority of obs(‘rvers think that the maternal milk contains some 
highly toxic substance, but Vedder and his American colleagues believe 
that the disease depends upon deficiency during uterine life and after 
birth of a substance in the milk which is essential to the growth and 
develoj)ment of the child’s nervous s\'stern. However, in children 
who die in this manner no in]j)erfection or lack of development of the 
nervous systiun lias lieen noted. In the most acute type it is children 
previously healtliy, li to 3 months old, who are usually attacked; 
lifter a series of convulsive attacks the child suddenly dies of acute 
heart-failure. In less fulminating cases, vomiting, dyspncea, dysphagia, 
and aphonia may })recede tlio heart-failure. Octcasionally, chronic 
cases ar(‘ seen in wbicli progressive weakness and wasting, with period- 
ical attacks of vomiting occur. In neither form has any true paralysis 
been noted, ex('(‘|)t that underlying the aphonia, which has been 
ascribed liy dajianesi' workers to a paralysis of the left nHUirrent 
laryngeal nerv(‘, from pressure Ity a dilated left auricle. According to 
C/lian, the knei'-jerks are usually absent. 

Sonic liighly inkTcsting suggestions have been made by G. W. Bray on 
the iidiabitants of Nauru in the l^ieitie with regard to this question. The 
death-rate from infantile berilxTi in that island amongst breast-fed babies 
from eight- to t(‘n weeks after birth, had been approximately 30 per cent, 
of the total deaths during the past twelve years. The mothers themselves 
show no signs of dietiUie deficiency, though their dietary has been shown to 
be singularly di'ficimit in vitamin B. Bray has beam able to demonstrate 
the almost instantaneous effects of partially-fermented “ toddy ” (the sap of 
the coco nut sjiathe), not only in the curing, but also in the prevention of this 
jiarticularly fatal malady, ddie dosage of toddy ” is half a drachm twice 
daily during tlu' first month, one drachm twice* daily during the second, 
thr(*(‘ times daily from tlina* to six months, and over that age, three to four 
ounc!‘s weekly. In conseepience of these simple measures the disease has 
Claused to exist amongst the Xauruans, while the incidence of a variety of 
other disorders, such as bronchitis, pneumonia, furunculosis and otitis media 
lias to a great extent abatid. 

Jt a])pears that this ptH'uliarly dramatic form of infantile beriberi became 
firevak'nt sin(*e the usi* of “ toddy ” was prohibited by (Jovernment order, 
ddie therapeutic actit)n of the toddy yeast in restoring these children is as 
rapid and dramatic as are similar extracts in artificially-produced pol^uieuritis 
of' fowls and pigeons. 

In the acute tyjw of the disease gastro-enteric, pneumonic, and meningitic 
signs and s^ niptoms prevail. There is at first disinclination for food, followed 
by extreme rcstk'ssness, increased epigastric swellings, paroxysmal crying 
and general ana.sarca. Vomiting is the first sign of impending death. 
Dvi^pniea and cyanosis superveni^ and the child dies in (*onviilsions (Fig. 54). 
The temperature is slightly raised to about 100"^ F. A more chronic form of 
the disease is also recognized, as well as an insidious form in older artificially- 
fed children. The diagnosis of infantile beriberi is greatly aided bs^ blood 
examination ; a lymphopenia is almost invariably noticed with a total absence 
of small lymphocytes. Bray has been able to show that the therapeutic 
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action of vitamin is greatly enhanced by the synergic inhuence of vitamin A, 
as in cod-liver oil, in these children. 

Diagnosis. — Usually tlie diagnosis of beriberi is not (lilbcult. 
Multiple peripheral neuritis occurring as an epidemic, or in a place 
or ship in which the disease has occurred on some ])revious occasion, 
ma3\, as a rule, be set down as beriberi. Sporadic cas(‘S niMy be difficult 
to diagnose, especially if there is a history of alcoholism, of malaria 
or of drugging with arsenic. The ])ri‘sence, actual or past, of (pdmna 
especially of cedema over the shins -and palpitations and other 
evidence's of cardiac implication, are signihcant of bt'ribi'ii. In the 
atrophic or paralyt ic type i\w jon(frk or “ squallnuj fcsf " is \’erv usi'ful. 
The patient, with liis hands on top of liis lu'ad, is unable to assume. 



Fisj. 54. — Infantile beriberi. Nauruan child in convulsions. Note sreneral 
anasarca. (J^r. G. M . Hray,) 


or rise from, a squatting position. It must be borne in mind that 
slighter di'grees of bi'riberi, evidcaiced only by slight ana'sthi'sia of thi^ 
pradibial skin area, by slight cedema of tlie same region, by slight 
hyperafstht'sia of the calf muscles, and, jierhaps, by impairment or 
absence of kn(*e-jerk, may be the only symptoms jiresent. Tme 
rheumatism is rare in the tropics. 

Meyers has introduced two n(*w tc'sts for the diagnosis of beriberi. 
The first is the development of, or incrcaise, in an audible sound in 
the antecubital space after subcutaneous injection of adrenalin. The 
second and more important is the estimation of diuresis after tlu' fasting 
patient has drunk a litre of water. Both should return to normal alter 
administration of aneurin. 

Differential diagnosis. — Cases have been diagnosed as cardiac 
disease, tabes dorsalis, muscular rheumatism, progressive muscular 
atrophy, ascending spinal paralysis, and Lave over and over again 
been relegated to that refuge for ignorance, malaria, and called 
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“ malarial rheumatism,” or ” malarial paralysis,” or, more pedantic- 
ally, ” malarial paraplegia ” or ” malarial neuritis,” though cases 
of suhfortian malaria rarely simulate the clinical appearance of 
heriheri. Then^ should he no difficulty in distinguishing beriberi from 
tabes dorsalis by tlu^ Argyll-Jh'b(‘rtson pupil and the positive Wasser- 
mann reaction. In both parapl(‘gic InTiberi and locomotor ataxia 
A ha, (lie’s sign (al)S(Uic(i of pain on c(uii[)r(‘ssing th(‘ tendo Achillisj is 
present. 

]h‘ril)eri can be ditTen'iitiated from (ilroholu; iK’urilis ])y the tremors 
and naaital disturbances which ocauir in this disease, and of whi(;h 
the diagnosis is g(‘iu*rally obvious ; from arsenind neuritis by the 
pigUR'iitation, th(‘ diarrlaea, and dig(‘Stive disturbances, and by the 
hyperkeratosis of the ])alms and feet that is apt to occur in this 
intoxication ; from ehronic ledd-poisoyiinfi by the blue line upon the 
gums, the wasting of the muscles of the arms and legs which are most 
in use, the characteristic S})aring of the su])inator longus, and the 
basophilic sti{>pling of tla* nal blood-corpuscles ; from lathifrism by 
the presence of tla* kiie(‘-jerks and the abstaice of muscular hyper- 
a‘sth(*sia in this affection. The difk'naitial diagnosis from heart 
(lis(‘as(‘, chronic n('[)hritis, and ancylostomiasis is sufficiently obvious. 

There are j)rohahlv otiier forms of ])olyneiiritis distinct from beriberi, 
but which may closely simiilat<* the latter. Possibly these infectious forms 
of j)olyneuritis are occasioned by an organism as yet undetermined. Possibly 
also infective forms of }K)lym‘uritis occur in association with food-deficiency. 
Th(‘s(‘ may acf'ount for sporadic cases in which jwrexia is prominent, and 
also for isolated outbreaks not apparently associated with a faulty dietary. 

McCarrison has noted that experimental pigeons in the pre-beriberi state 
a stat(‘, that is, in which they do not exhibit any of the more alarming 
symptoms -are much more .susceptible to extraneous infections ; for instance, 
an infection of B. suijHstifer may determine the onset of neuritis, while 
pigt'ons suffering from beriberi become susceptible to organisms, such as 
the pneumococcus, to which they are normally quite resistant. It is not 
unreasonable to suppose that in man a microbic fa(*tor plays a similar part 
in the spread of some epidemics of polyneuritis which cannot otherwise be 
accounted for. 

In Cuba a disease resembling cedematous beriberi has been reported in 
patients heavily infected with the small fluke IJeterophi/cs {see p. 899). 

Prognosis. — The tendency to dilatation of the heart is the 
dangerous (di'iuent in beriberi ; it should be always before us and 
(h)niinat(' our plans of treatment. It is wonderful how rapidly it 
may coiia* on, and how quickly it may prove fatal. These sudden 
deaths, occurring sometimes from syncope— from instantanecHis failure, 
as well as from the somewliat slower process of increasing over- 
distension — are constantly found in this disease. An absolutely 
favourable prognosis, therefore, ought never to be ventured on in 
even the mildest-looking case of heriheri, nor so long as the patient 
is exposed to the conditions causing the disease, nor so long as the 
neuritis a})pears to be active. That is a lesson which is often, 
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and soineiimes paiiifullj, hnrne in upon the j^raelitioner in hcrilx*]! 
districts. 

Evidences of grave heart-ivi'pUcaiwn, siicli as pulsatinf^ cervical 
vessels, equal spacing of the intervals between the sounds audible on 
auscultation, enlargement of cardiac dullness, especially to the right, 
epigastric pulsation, a rapid feeble pulse, a distended stomach, cold 
extremities, cyanosis, dyspnoea, and a dispr()[>ortion in the strength 
of the lieart- and wrist-beats, are signiticant of danger. Parahjsis 
of the diaphragm , of the intercostal muscles, ejctensive serous effusions, 
very scanty urine, arc also unfavourable signs. 

Vomiting . — No one can say when or how soon fatal inqilication of 
the cardiac lUTves and muscle may tahe ])laco, but vomiting is always 
an ugly and thn'atening symptom in b(Tib(‘ri. The Ja})an('se regard 
the occurrence of vomiting as of fatal import. Marked dilatation of 
the stomach has a similar signilicance. 

Prognosis is iiiqu’oved it the })atit*nt is placiMl on a. non-beriluaie 
di(‘t and is treated with fidl doses of aneurin (tliat is befon* the licart- 
rnuscle or the cardiac or respiratory iktvcs an* gra\ (‘ly degenerated). 

Tkeatment 

The first and most important thing to be attended to in the treatment 
of a case of beriberi is the diet. From this, rici*, especially wliite rice, 
should be eliminated, and some article rich in vitamin — such as beans, 
peas, peanuts, barley, wheaten flour (not overmilled), or oat]nt‘al — 
substituted. Apart from other considerations, rice is a bad food 
for b(‘riberics ; it is too bulky. Eggs are vahiabk! sources of the 
anti-beriberi factor, which is not destroyed even when they are drii'd : 
they are therefore indicated. Y(‘ast has curativi* prof)erties ; tht' 
extract known as marmite may be given in doses of F5 grin, daily. 
Animal food, including fat and milk, must onior into th(‘ diidary for 
general nutritional purposes. Tin* worst casc's, ])articularly if there is 
any sign of serious cardiac implication, should remain in bed : but the 
mild cases had better spend the greater* jiart of the day in the 0 })en air. 

In cardiac cases, with a view to diminishing to some extent the 
bulk of blood in the vessels and lu'art, the seriously affecttal jiatients 
should take little fluid, and keep tlu^ bowels free by means of lull and 
repeated doses of some salinci apiTiiait. In cardiac cases small doses 
of digitalis or of strophanthus seem to do good. Should signs of 
acute cardiac distress appear, full doses — 3, 4, or 5 drojis of tlu^ 1 -per- 
cent. solution — of nitroglyciTin are indicated, and intravtmous 
injections of ouabaine (a TVench prrqiaration of str{)})hanthin) 
gr. may be given. Tlui dose must be repeated ever}^ quarter- or half- 
hour, and kept up until the threatening symptoms pass away. In 
suddenly developed cardiac attacks, inhalations of nitrite of amyl, 
pending the operation of the nitroglycerin are useful. Should signs 
of cardiac distension and failure persist and increase in spite of these 
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means, tliere must be no hesitation in I)Ieoding the patient, taking, if 
it will How, eight or ten ounces from the arm or, this failing for any 
reason, from the external jugular. Often, as the blood flows, rapid 
anadioration of tlu^ alarming condition sets in, and the patient is, for 
the time being, tided over an acute danger and given another chance. 
The bleeding should ho repeated if the alarming symptoms recur, as 
th(‘y are almost sure to do. Oxygen inlialations, if available, are worth 
trying in cardiac attacks. Phairal and })ericardial effusions should he 
sought for, and, if deenaal to interfering in the slightest degree with 
the circulation or r(^s[)iration, drawn off with the aspirator. 

The introduction of vitamin (aneurin) as a therapeutic agent 
has (udirely revolutionized tla* treatment of beriberi, and its dramatic 
effects are best observed in tlu^ acute cardiac cases {SJwshin) when 
givcai in massive doses. Hawes, ^lonteiro and Smith emphasize tha,t 
it is in the peracule attacks which break out w'itliout any previous 
warning that its tdlt'cts are best seen. The maximum dosage of Bi is 
d,000 international units. Doses up to 1,000 I. II. may he given 
intramuscularly or intravenously. Jn moribund pati(*nts the injection 
has h(‘en made dir(‘ct into the jugular vein with spectacular success. 
Th(TC‘ are two crystalline pn‘}>arations in use for injection, BeUixan 
(Bayer) and Jknervn (HolTman — La llochi'). These preparations 
'•ontain ‘2 mg., and tlu' strong or “ fort(‘ ” dose contains 10 mgin., of 
crystalline* aiu‘urin pe*!* (*.c. 

By the mouth aneurin appears to he less t'ffective. The* jeroprietary 
j)reparatio]j “ Bemax " is widely us(*d. (-nfsforibex (Parke, Davis & 
Po.) is aneurin in tablet form, and is issued in two strengths, 333 
international units (e(|ual to 1 mgm.) or 2,231*2 intermitional units 
(0*7 mgm.). Bt'uerva and B(*taxan are also })ut up in tablet form for 
oral adjiiinistration in doses of 1 mgm. eacli. 

Haw(*s origiiiallv slowed that aetive oxtraot.s of vitamin when given 
hy the mouth, are dest royed in the stomach, but after the injection of a potent 
extract (Betaxan or Beiu'rva) most striking therapeutic effects are noted. 
In cardiac or cedematous eases the yiatient, even when moribund, at first 
becomes restless alter the injection, but no effect is noted in the pulse rate 
or in the diastolic or systolic pressures for an hour or more. If insufficient 
vitamin Bj has been injected, tliere is a return of the dyspnma, sudden 
collapse and death. In many eases, recovery is extrmnely dramatic. The 
dosage varies in different eases, and the injection is made subcutaneously 
or intravenously. The reaction is quantitative, and the results become 
afiparent in the rise of systolic and diastolic blood-pressures. 

Provided the is placed on a suitable diet and can be tided 

over the lirst. fortnight, he w’ill probably recover; but, on the other 
hand, should he jiersist in a diet of white rice, though he may get over 
one or ttvo cardiac attacks, ho will almost surely die in some subsequent 
seizure. 

In the case of breast-fed beiiberic infants, they should be removed 
from the mother and handed over to a healthy wet-nurse, or placed 
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on the bottle. Sometimes this is impracticable ; in such cases in the 
Philippines a preparation of extract of rice-polishings, called “ ticjui- 
tiqui,” has the reputation of being wonderfully efficacious. It is 
given to the extent of 5 c.c. a day in ‘20-drop doses every two hours. 
At the end of twenty-four hours the most alarming symptoms dis- 
appear, and the child is well in three days. If the case is a very severe 
one, double doses should be given, and the ticjui-ticjui continued so 
long as there is any aphonia. The use of toddy in infantile beriberi 
of the Pacific has been referred to on p. 451 ; undiT modern conditions 
obviously the use of aneurin is indicat(*d. 

Excretion of aneurin . — The (‘xcretion of aiaairin in the urine can be 
estimated witli sufficient accuracy to be of clinical value by the thio- 
chrome method without the use of the fhioriineter. A ra])id exendion 
of aneurin takes ])lace in tlu' first three hours after subcutaneous or 
intramuscular injection. It is suggested that a c('rtain amount of 
injected aneurin is exended l)efore tluTc is tinu' for it to be stonui in 
the tissues (Marrack and Ho(dleriiig). 

Other measures. For the atroj)hv of tht* nms(d(‘S and anaesthesia 
of the skin, faradization and massage should be ejiiployt'd as soon 
as the muscular hypera'stliesia has begun to subsi(l(‘. I lot -air haths 
are of consideralde service*. Pare should la* taken that p(‘rmaneiit 
deformity does not occur from contraction of museh's. Foot-droj) 
should be counteTacted by Phel})s’s talip(*s splint with an elastic 
accumulator, and any c)th(*r thr(‘atened deforuiity a})propriately met. 
Relapses must not be risked by a n'turn to the original di(*t or source 
of infection. The st'aside or a sea-voyage has often a marvellously 
restorative effect. 

Prophylaxis. — In institutions undeT (Government control, or in con- 
ditions in which it can be successfully enforced, there* should he astrin- 
gent rule against the use of overmilled rice;. To k^gislate against tla* use 
of white rice in countries in which rice is the stapk* food would not lx* 
politic, and could only lead to opposition and dc'feat tla* ohj(*ct in view : 
but the authorities, by educative methods and in other ways, can do much 
gradually to eradicate any prejudice there may be among the natives 
against undermilled rice. The committee on ])eriberi control of the 
Far Eastern Association of Tropical Medicine (1925) have urged upon 
governments that, wherever overrnilled rice forms a staple diet, st(‘ps 
should be taken to discourage the use of rice from which esscaitial food 
factors have been removed ; that safe storage should ho ])rovided for 
undermilled rice ; and that the use of accessory foods should be 
encouraged. 

It is most important that a practical t(;st for rice which may cause 
beriberi when used as a staple article of diet sliould be elaborattal. 

As a prophylactic, marviHe, in small J-oz. cubes, may be taken 
twice a week. Military and other expeditions should be warned 
that tinned meats are notably deficient in antineuritic vitamins and 
require the addition of other foodstuffs to protect against beriberi 
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as well a,s scurvy. Dried eggs are especially valuable, but are too 
expensive to be used on any ext(aisive scale. 

Contrary to what hapf)ens in scurvy, the human body does not 
appear to possess any appreciable reserve store of the antineuritic 
vitamin upon which to draw in a dietetic emergency. A constant 
sup))ly, tliinefore, of the substance must always he maintained. The 
moral of this is, that for the prevention of beriberi for aijy population 
living on a restricted diet, such as soldiers and sailors on active service 
on land and sea, the germ and bran of wheat should he included in 
the manufacture' of hr(*ad or biscuit where the rest of the ration consists 
of tinned or ollu'rwise preserved foods. 
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PELLAGRA 

Synonyms. — Mai de la Rosa ; ]\Ial Rosst) ; Alpiia* Hoiirvy ; Asturian 
Rose ; Rsilosis Riginentosa. 

Definition and description. — An endemic disease of slow 
evolution, which is iindouht(‘dly coniu'cted with a ditd deficiency, 
characterized hy a coinpk'xity of nervous, alimentary and cutamums 
symptoms, which make their hrst ajijx'arance during the spring months 
(sometimes the autumn), an<I recur year after yi'ar at the same si'ason. 
remitting more or less during the winltT months. It is for the most 
part contined to the poorcT classt's, <‘S])f'cially agricultural labourers. 
The more distinctive features are ~ (u) a nanitting d(*rmatitis of the 
exposed parts of the body ; (b) marked emaciation ; (c) |)rofound 

depression alternating with mania ; (d) a terminal confusional insanity. 

History. — d’lie lu’story of pellagra is comparatively recent, in Sjiain 
it was first described by ('asal in J7()3, und<T the name of //a/Z de Id msr/. In 
Italy the disease, under the name oi' Srorbufo alpiiio, was described by Odoardi 
in 177G and by Fra})olli in 1111. Ida* (‘arliest mention of p(‘llagra in I'Vance 
dates from 1829. W'e know nothing of flu* history of pellagra in Figypt 
I)rior to the jaiblication of lh un(‘r's “ To])ogra|)hie medieale du Caire,” in 
1S47. in the laiited Statics of America., althougli tluTC is evidc'iice of its 
sjumidie oec-urrc'ncc* there for a considerable time at k'ast fifty years-- 
before its nature was recognized, jieJIagra was first diagnosi'd as such in lf)()7. 
it is especially prevalent in tlie South-Fastiu’u States. l>r. H. F. Harris, 
Health Officer of the (k‘orgia State ikiard of Health, estimat(‘d that there wen* 
50,(100 cases of pellagra in his State*, and in HJIG it was estimateMi that there 
were 150,00(i pellagrins in the Southern lhiit<*d States alone, but of rec(*nt 
years the American outbreak has become milder in form. 

Since .191‘2 sporadic cases of the diseast* have been re|)orted in 
the British Isles. ]\lany of these fall into flu* category of what is known 
as “ secondary pellagra.” ^ 

Geographical distribution. — Europe : IXllagra is found in 
Northern Portugal, in Spain, in Italy, in the south-west of France, 
sparingly in Dcamiark and in the British Isles, in the Austrian I’yrol, 
in Hungary, Croatia, Dalmatia, Bosnia, Serbia, Jhilgaria, Turkey, 
Greece, Corfu, Rouinania, 13essarahia, Kherson, Poland and Trans- 
caucasia. A few cases liave been reported from Germany. Africa : 
Algeria, Tunis, Egy})t, Sudan, the Real Sea coast, Rho(h‘sia, Nyasaland, 

^ For more di'tailcd information the roadcB in referrou to t lic mastrrly Kiuiunary by 11. S, 
Stannus in the Tropical Diseanes BulbUin, XXXIII, 10-12, and \X.\ IV, .‘h 
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and among the Kaffirs and Zulus. It has also been recognized in 
Tanganyika, Kenya and on the Gf)ld Coast. Asvi : It has been reported 
iroin Asia. Minor, Syria, North Behar and Deccan in India, the Malay 
Stales, tile BhilippiiK* Islands, Japan, China and Korea. An outbreak 
of jadlagra was recorded in Nanking in 1920 and by PTench observers 
in Szechuan. Yu has reported typical cases in Manchuria. It w^as 
especially pn^valent among Turkish troops and Armenian refugees in 
l^ik'stine and Syria during (la; Great War. Anicjica : Canada (since 
1914), the Unitial States, Mexico, Central AnuTica, Brazil, the Argentine, 
Barbadoes, Jamaica, and jirobably other W('st India Islands. 
Aiistvdlasia : Bellagra has been reported from N(‘W' Caledonia and in 
Australia (Mc'lboiirmY 

History of pellagra in Great Britain. -According to Stannus, the 
first authentic cas(' in tJrrat Britain was re])orted by Howden in 1866, the 
second by Brown in 1906., and tin* thinl by Brown and Low from Shetland 
in 1909. In 1912 a scric's of si.\ cases was investigated by Sambon and 
CJiahners, and in 1919 Box ])ublished his two famous cases in St. Thomas’ 
Hospital. Sinc(* then it has come to be generally recognized that pellagra 
is found sporadically in lunatic asylums and in institutions, in subjects of 
g('ncral malnutrition. From the statistics of the Board of Control in the 
})eriod 1919 1918, 49 deaths from pellagra are noted. In 1922 there were 
21 deaths, mostly from the Lancashire Mental Ho.s])ital, Hainhill, and during 
th(‘ period 1919-1928 there have been 104 deaths from pellagra amongst 
asylum inmates. 

Epidemiology and endemiology. — An important epidemio- 
logical feature of pellagra, in addition to those already mentioned, 
is tlu^ marked lluctuation of its j)revalence from year to year. Thus 
(h(Te may be long periods of quii‘scence, followed by years of con- 
siderable activity during which tlie disease may be looked upon as 
a new invasion. Bellagra is not contagious. The sound may associate 
with the sick and remain healthy. Doctors, nurses, and attendants 
on ])ellagrins are not known to contract the disease. Pellagrous w’et- 
nurses do not infect tlieir charges, and attempts to transmit the disease 
by inocidation have failed. 

Associated diseases such as ancylostomiasis, bilharziasis, 
tuberculosis, cadiac disease, idiopathic steatorrhoja, sprue, dysentery, 
and syphilis play a very important j)art in favouring the development 
of pellagra, in accelerating ifs course, in modifying and aggravating its 
symptoms, and in determining its mode of termination. 

Se(m)7i . — Of all diseases with marked seasonal connection, pellagra 
is one of the most striking in this respect. As in the case of malaria, 
tlie pellagra season varies in different localities, but is ahvays the same 
in the same locality. 

Jn Fairope the disease invariably appears in manifest and epidemic form 
during the spring and autumn quarters, tlio spring outbreak being by far 
the more severe, the autumnal recurrtince often inconspicuous or lacking. 
In Egypt, according to Chalmers, there is a spring invasion in April and 
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May, and an autumn recurrence in November. In Nyasaland, according 
to Stannus, pellagra seems to prevail chiefly during August, September, 
and October, which are the sj)ring months in the southern h('inisj)hero, and 
again, though to a It'ss extent, in January, February, and March (hill recur- 
rence). Jn the United States of America, owing t(^ th(‘ vast extent of territory 
and great variety of climates, the periodical incidence of tlu; disease is neces- 
sarily different in different sections. In the NortluTii States, as in fuirop(\ 
the disease exhibits the usual well-marked double incichuu'i', the spring out- 
break occurring in May and June, the autumnal one in September and October. 
In the far south the disease may appear as early as January, and may hi* 
met with at any period of the year. In Ihirbados it seems to pri'vail more or 
less from May to October or November. While the wid(* ranges of ]K^llagra 
throughout the world might lead one to believe that climate exerts no sjx'cial 
influence, the \ery definite seasonal periodicity shows that climatii; factors 
play an impoitant, though indirect, part in the adiology. 

Sex . — Both sexes are liable, but in different places the diseas(‘ 
exhibits a very different predihadion for the ont‘ or otluT S(‘x in accor- 
dance with the occupations and habits of ibt' p(‘o[)le. In tlie rnit(‘d 
States it is said to be more prevalent in wonnai from 17 to 40 y(‘ars 
of age ; the debilitating effects of menstruation, ])regnancy, and 
lactation are held to be predisposing and determining factors. 

A(je .- — Pellagra was considcavd to bo a disoaso of middle ago. tbo 
majority of cases occurring between twenty and fifty. Sambon lias 
sbowui that w'ithin the endemic contn^s children art* attacki'd, and that 
no ag(‘ is exmnpt, lie having seiai the characteristic symptoms in a 
W’oman over one hundn'd yi'ars old and in infants of barely three niont hs. 

Occupation . — The disease j)revails most of all among liidd-labourt'rs. 
The inhabitants of towns, even of those in the vtTV lu'art. of inttaisoly 
pellagrous districts, enjoy an immunity similar to that of town- 
inhabitants as reguirds malaria. Felix pointial out that pellagra is 
quite exceptional among tiie Jews, who, as a race, randy engage in 
agriculture. 

The flooding of some of tlie Soutliorn States in America by tlie 
overflowing of the Mississippi in 1927 affonhal a practical (‘xamph^ of 
the application of modern laboratory findings. Pidlagra, though 
common in these States, is deperidiait. to a griait (‘xtent on economic 
conditions. The diet of molasses and cornmeal contains very little 
of the PP factor, and only when the financial conditions allow can 
milk, eggs, etc., be purchased. Th(^ failure of the cotton (*ro[) means 
poverty, reduced food, and pellagra. 

iEtiology. — Pellagra has been ascribed to tlit* most varied ciiusi's, suerh 
as insolation, poverty, insanitary dwellings, .syphilis, irritant oils, bad weather, 
>icohol, garlic, onions, maize. Some havi^ regarded it a.s “ .sunstroke of tlie 
skin.” “ Sun disease ” was an old j)o])ular name, and certainly the skin 
manifestations of pellagra an; influencixl by the action of tlu* dina-t ravs of 
the sun. This was proved experimentally, first by (flierardini, who varied 
the limits of the eruption by systemati(;ally di.splaeing parts of thc^ clothing ; 
and later by Haineau, who obtained differently shaped patches of erythema 
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by 7ii(‘aiiK of irlov(‘s fenestra t<‘d in differ(‘nt ways. In small j)ox, and also in 
other exanthemata, we noti(‘e a decided influence of light, more particailarly 
of tlie actinic rays, on th(‘ prodm^tion of their skin eruptions. Although light 
may influence th(* eruption in pellagra, this is no adequate reason for con- 
cluding that insolation is the cause of the disease, any more tlian that it is 
the cause of smallpox, and in fact other stimuli applied to the skin, such as 
j)ressure or 7‘xposure to X-rays, may cause the a])pearal1ce of a pellagrous 
dermatitis. In support of the sunlight liypothesis, certain experiments on 
the effect of sunliglit on animals fed on a too restricted (unjdiysiologicaJ) diet 
liave hecui advanced ; hut it is evident that this cannot he the whole, though 
it may he part of, tlie truth. 

Many tlaories luivt; in the past been advanced for the causation of jxdlagra, 
and tln‘ evidence in favour of a deficiency of food or an unbalanced dietary 
greatly outw(‘ighs other considerations. 

rdlfigm and 7//u/cc.— The general oj)inion is that j)ellagra apj)eared soon 
aft(‘i- th(‘ introduetion of maize into Kurope, and that it advanced pari passu 
\\ ith the expulsion of maize cultivation and with th(* more general adoption 
of t}i(‘ iH‘w (‘(‘real as an article food. For these and other reasons maize 
is still lield by many to he the causative agent of pellagra, just as a certain 
conditioTi of rye is known to Ik‘ tlie cause of ergotism ; and, as in the' latter 
case, varioiis tl.eories have been pn)pounded to ex])lain the opt*ration of 
the assumed cause*. 

Lomhroso and Ik'llardini, in iSTl. first advanced the theory that the 
prc\ ak'iK (* of ] (‘llagra in Italy was due* to the consumption of di.-eased maize, 
and their ideas sul)se(]uently formed the basis for public measures against 
the* disease* in that e*e)\intrv, as welt as in Soeithern Furope. In Lower Egypt, 
as pe)int<*ei e)ut by Wilson, pellagra is ce)mme)n, as com])are‘el to Ljiper Egypt, 
anel it is in the* Delta that the ])re)portie)n of land given over to maize is 
<*e)nsielerably liigher than that unde*r wheat, so tlie elistribution e)f pellagra 
in that e-ountry eeirresponels te> the area of maize cultivation. In 1921 Wilson 
pe)inte*el e>ut the* im])ortaiux* eif harel labour as a predisposing cause of pellagra, 
'fhe* e-emsumptiem eif maize* by large eaunmunitk's deies ne:it nece'ssarily imply 
the* c'xistenee* eif jiellagra as an (*nele‘mic disease* : this is the ease in Mexico 
and in se»me jxirts e)f Inelia. 

While* it is ee‘rtainly true that pe*llagra oe*e*ui*s ceimmonly in those countries 
in whie h maize* llemr e'liters largely into the eeunposition of bread, in this 
manne*r tbrming the staple artie*le eif diet, yet it is elifficult on this basis to 
account satisfacteirily feir the sporadic cases of this disease which have been 
re[)orteel from the* llritish lsk*s, (h*rmany, Polanel, and China, where maize 
does not enter the elietary. 

Alre*ady in 1845 Kemssel, a very dise*riminating French physician, pointed 
e)ut that tlie history of the sjiread of pellagra in Europe is the history of the 
introduction of maize as a staple food, and he first clearly realized the value 
of milk in the treatment of jiellagra. 

Shelley in Xyasaland thought })ellagra to be due to absorption of a toxin 
which produces a neuritis of certain peripheral nerves, since the skin lesions 
are most marked in the areas supplied by the lower cervical, the lower lumbar 
and first sacral nerve roots. 

It is necessary also to refer to the work of Leutsky, who endeavoured to 
prove that the pellagrous syndrome was due to insufficient mineral com- 
ponents in maize as a staple article of diet. 

Decks in 1912, and Funk in the same year, suggested that pellagra is a 
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disease produced by a deficiency in diet. Pellagra, together with beriberi 
and scurvy, they considered were “ food-deficiency ” diseasc^s and due to 
lack of certain vitamins in the food. The experiments conducted by Gold- 
berger and Wheeler in America were in favour of such a hypothesis. 

In 1914 they fed a squad of eleven prisoners on a rich carbohydrate diet 
deficient in proteins. After five months, six of the number developed 
cutaneous symptoTtis suggestive of pellagra (thf*. first lesions consist'd of an 
erythematous patch on the scrotum). An experiment in the (lonverse direc- 
tion also proved successful, for, by substituting a rich })rotein diet for one 
consisting in great part of carbohydrates, tliey succeeded in banishing jx'llagra 
from an orphanage asylum in which up to that time the diseastj had been 
in evidence. In 1917 Goldberger successfully disposed of Sambon’s inl'ection 
theory^ by obtaining sixteen volunteers who attempt(‘d to infect themselves 
by ingesting skin scales and naso-])haryngeal secretions over a p(‘riod of six 
months. During this trying period they remained quite healthy. 

Biological protein value of dietary (B.P.V.). — The results of the 
Commission which investigated the prevalence of pellagra among the Turkish 
jnisoners in Egypt (1919) tended to show that llie error of metabolism in the 
disease is manifested in a })rimary deficiency of “ biological j)roU‘ins.” A 
large number of cases occurred among the Turks, and later among the 
Germans. In the former, out of 105,468 prisoners, 9,257 cases were recorded, 
\A’hile there were 79 German and Austrian cases out of 7,600 prisoners. During 
the year 1919, 1,617 deaths occurred among the Turks from this cause, and 
6 among the Germans. \A’ilson and Poaf, membeu's of the Cf)mmission, 
sugL^ested that in a suscej)tiblc subject, whose protean assimilation is sutli(‘ient 
for all needs while at rest, pellagra may develop when bodily nc'cds are 
increased by physical labour, or vhen his fa(‘ulty of metabolism has been 
vitiated by damage to the ])ow(ts of alimentary al)Sf)r})tion, as, for instance, 
b\' bacillary d 3 \sentery or other intestinal disease ; in these cases a considerable 
loss of protein -absorption power was noted, the power being naluccal to less 
than 67 per cent. It was noted further that, as long as the prisoners were 
at rest, ])ellagra was in abeyance, but broke out imm(*diat(?lv they were 
subjected to any exertion. It- would aj)})ear also from thest* observations 
that, in an individual whose balance of protein metabolism has b(‘cn undcr- 
miiual for a sufiiciently long ])eriod, subsecpient feeding with a suitable dietary 
ma}^ not prevent the appearance of j)ellagrous symptoms. 

Corkhill has shown that in the Arabs of the >Sudan j^ellagra is (‘ommon 
among the millet-eaters, and the ]>eriod of maximum intensity is in the hot, 
dry season when no })rotein food is obtainable. 

Vitamin — Goldberger, who at first behoved that an amino-acid defici- 
ency^ was the cause of pellagra, in 1922 obtained evidence pointing in 
another direction. Having accidentally discovered that yeast was effective in 
preventing and treating blacktongue in dogs, a diseas(; then thought to 
be analogous to pellagra, Goldberger and Tanner tric'd the effect of yeast 
as a prophylactic in the human disease. It was found that ffO grm. daily of 
brew'crs' yeast gave complete protection. This would supj)ly Ic'ss than 
15 grm. protein, and lat/cr it was found that an acid ])ref)aration of yeast, 
which contained very little protein-nitrogen, in doses of 15 gnn. daily was 
equally effective. A 1*P (pellagra-preventive) factor was tlu'.refore postiilaU'd 
in yeast and other foodstuffs. As the result of these investigations on man 

^ Sambon had endeavoured to prove that pellagra was an insect-bonic disease^ conveyed 
to man by species of Simalium. This theory was short-lived. 
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and exporitnental work on rats, (jloldberger and his colleagues were able to 
identify tlie PP factor with a vitamin in the yiiast-vitamin complex differing 
from the antineuritic vitamin in its stability to heat and its distribution in 
foodstuffs. 'J'he vitamin is now known as Bj, and by some authorities in 
Anu'iica as vitamin (k The therapeutic value of yeast in pellagra is acknow- 
ledged. In rats, too, the lack of vitamin Bg produces a syminetrii^al dermatitis 
on the flaws and body not unlike that of pellagra, but there is no evidence of 
degeneration of the (;entral nervous system (Findlay and Stern) and it is now 
attribntud to another fraction of the complex, known as ViUirnin Bg (see p. 430). 

There are those who see in the clinical manifestations of pellagra evidences 
of h>'|)o-adrenalism. Thus Sclare considers this to be the primary factor, 
with siifK'radded vitamin deficiency. 8tannus, on the other hand, has 
Hijggest<‘d that the origin of the evil may be located in the stomach, repre- 
senting a furtlier analogy between ]>ellagra and pernicious anccmia. In 
th(‘ latter the fault lies in a defectiv'e secretion of the intrinsic factor by 
the pyloric gland organ ; in pellagra there may be default of the intrinsic 
or t}a‘ extrinsic factor, or of both. 

The relationsh ip of pellagra to blarktongue in dogs . — Chittenden and Under- 
hill obsiTved that in dogs given a diet of wheat-flour biscuits, peas, and 
cotton-seed oil, a pathological syndrome was prodiu'ed reminiscent of pellagra 
in man. In periods of from one to six months the dogs showed necrosis of 
the tongue accompanied by blood-stained diarrhma. This disease, also 
known as canine tvfihus, is well known to veterinarians. I*ellagra and black- 
tongue ap|)ear to liavi* a similar geograjihical distribution in the United 
States. Jt w as firoved laUu’ by Uoldberger and Wheeler that the blacktongue 
|)reventive factor was the th(‘rmostable, which linked it up w ith rat ” and 
human pellagra. Now' Aykroyd and Koscoe have pointed out that the 
distribution in foodstuffs of the I'P factor, the blacktongue preventive factor, 
and vitamin Bo showi'd fair agreement. 

Co)iclasioN . — That pellagra is unquostionably associated with a 
})oor and monotonous diet and its appearance can be prevented by 
suitable diidary alterations, more especially by the addition of foods 
rich in tlie vitamin-J) comph'x, was proved conclusively. J’he missing 
factor has het*n found to be in part of the vitamin-Ba complex repre- 
sented by nicotinic acid and nicotinamide {see p. 429). 

Pathology. — The pathological features esscmtial to jiellagra are usually 
obscured by complicating diseases, such as bacillary dyseriter}^ and tuber- 
culosis. 44ie morbid anatomy is neither constant nor characteristic ; for 
this the chronicity of the disease, the variety of the symptoms, and the 
many intercurrent affections which may arise are responsible. 

A ecmstant and striking feature is the great emaciation. The viscera 
show chronic degenerative changes, particularly fatty degeneration, and a 
characteristic deep pigmentation. The intestinal walls are greatly attenuated 
through wasting of their muscular coat, while at the same time the mucous 
lining is hypenemic and, not infrequently, ulcerated. The liver and spleen 
are usually atrophied. The suprarenal capsules may be atrophied and the 
cortex may bo black, while the medulla is whitish in colour, but may be 
the seat of haemorrhages. 

There may be actual wasting of the brain, the ventricles being distended 
by an excess of fluid. In the cord the lateral columns and the crossed pyra- 
midal tract are especially implicated, but the direct cerebellar tracts usually 
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escape. The anterior cornual cells are frequently atrophied and deeply 
pigmented. The posterior columns do not escape, the median portion being 
often degenerated. The degenerative changes in the lateral columns are 
chiefly in the middle and lower thirds of the dorsal region, those of the posterior 
columns principally in the cervical and upper dorsal region. 'Jlio ccrebrO’ 
spinal fluid shows little change ; there is usually no increase in the globulins. 

Mott remarked, as to the changes in the cerebrum, cerebellum, pons, 
medulla, and spinal cord, that in none of the sections is there any evidence 
of meningeal or perivascular infiltration with lymphocytes, plasma cells, 
or polymorphonuclear leucocytes. All the changes were like those produced 
by a chronic toxjcmia, possibly in the manner already suggested aben^e. 
The posterior spinal ganglia C(;lls show, in varying degree, a j)ron()unced 
chromatolysis, swelling of cells, and disap})earane(' of Nissl’s granules, and 
all the anterior-horn cells and their lujinologueH in the medulla and ])ons a 
varying degree of perinuclear chromatolysis. There is usually marked 
chroma tolysis of the cells of Clarke's columns, d'lie cells of the cortex 
and the cells of Purkinje showed similar changes, but in a less degrei*. In 
short, the changes in the central nervous system resemble those of central 
neuritis (Adolf Meyer) or subacute combined degenerati(jn of the cord. 

Shattuck has recently drawn atk*ntion to th(‘ similarity of the central 
nervous lesions to those of subacute combined dc'geiuu-ation of the cord, as 
originally suggested by E. J. Wood and also mnphasized l)y S. A. Wilson. 
Perivascular pigmentation of, the cerebrum, cendjcllum, and jiiidbrain has 
also been described and was observed by the Ivlitor in autoj)sies in i'igyi)t 
during 1916. Although the distribution of the lesions in pellagra differs 
from that commonly sc^en in beriberi, the changes a})jK“ar to be similar. Tlu‘ 
evidence points to a close actiological relationship betv\ ecu beriberi, Korsakoff’s 
syndrome, pellagra, central neuritis, and subacute combined degeneration 
of the cord. 

Ctiitral neuritis was first described by 11. H. Scott on sugar estaU*s in 
Jamaica, and similar conditions have been found in Sierra L(‘one and Nig(‘ria. 
The central nervous lesions are wides})read ; tlu^ ])t‘ripheral nerves are de- 
myelinated and the posterior root ganglia of the spinal coi d show (h^gencrat ive 
changes. The medulla, cerebellum, bisal ganglia, and optic nm ves are rlso 
affected. The analogy with pellagra is a close ont;. 

Symptoms. — The course of pellagra is generally long. The disease 
does not j)ursue any regular course, but one of repeaftal exacerbations 
and periods of quiescence. The initial syniptonis are coinp(jsed of 
mingled psychical and digestive disturbances. It is possible that 
these may recur for years without the appearance of skiii eruptions. 
The patient is pale, has a peculiar staring look, and complains of 
headache, giddiness, and vague but often sewere pains in the back 
and joints. His character changes ; he IxH'omes irritable, and at 
the same time stupid and morose. 

The earliest signs of a pellagrous fciiidency are difficult to define, as 
there are probably a great many people who sufh^r from chronic ill-luxilth 
and are in the j)re~pellagrous stage. Such individuals juanifest them- 
selves by a peculiar stomatitis with erosions at the angk\s of the mouth 
(angular stomatitis) (Plate XI). Tl'^re is often iilso an atrophic 
condition of the lips (perleche). The Editor drew attention to this 




C ^liaractcrislic iiiflaiiieil tonji;^ue of acme pellaj^ra with 
anj[»iilar stomatitis. 

I.arly pellagrous rash, with cellular infiltration and pifl- 
inentation. 

l ypical pellagrous rash over occiput and mastoid processes, 
with formation of “rosary” round neck. 
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condition in Ceylon in 1912 in prisoners who had been fed on a dietary 
of dri(Hl fisli. Since that time, it has been noted by Landor and Pallister 
in Malaya, by Nicholls in Ceylon, by Moore in Nigeria, and by the 
Editor in cas(‘S from llhodesia. The tongue is glazed, wdth loss of 
the hliform papilhe, and the angles of the mouth are excorciated 
(Plate XX, Fig. 1, facing p. 592), as shown by Stannus in 1912. Often 
there are (‘ye symptoms, with conjunctivitis and lachrymation. Some- 
times there is a roughening of the skin (toadskin or ])] try noderm a) on 
the el])ows and knees, and a scrotal rash. This larval form of pellagra 
is not uncommon in England, wliere many cas(^s go imrec(>gniz(‘d. 
Nicotinic acid is remarkably efficacious in th(?se cases. The gums may 
l)c‘ swollen and bl(*ed easily, a condition which gave rise to tlie nam(} 
“ Al|)in(i scurvy/' Tla^t? may be f^ructations of gas, nausea, and 
vomiting. Th(‘ appetite is variable. The epigastric region and, 
sometimes, th(‘ lowt'r part of the abdomen, are tense and painful. 
Constipation may be prt'seiit, )jut in many instances there is diarrlaea 
of ))al(i f(‘rm(‘nting stools resembling thos(' of sprue and cases of this 
naturt^ an* by no Tn(‘ans uncommon in English ])ractice. 

The skin symptoms. Most obsc^rvers regard the skin l(‘si()ns of 
}H*llagra as the earliest manifestation of the disease, l)ut possibly they 
are symptomatic of some chronic and grave constitutional disturbance. 
At tirst an erythema, not unlike a severe sunburn, is observable on 
parts of the body which are, as a rule, unclothed and ex])Osed to tb(‘ 
sun (Clat(‘ XI). The (‘ruption is symmetrical and characteristic. It 
a])pears suddtady, first on the back of (he hands and feet, tluai on tlie 
forearms, legs, chest, n(‘ck, face, and, it may be, on the scrotum or on 
tii(‘ f(*nial(‘ g(‘nitalia. The* j)atch(‘s of (‘rytla'ina are irr(‘gular in outline 
and int(‘nsity. Very characteristic an* the symmetrical })atches behind 
the mastoid process(‘S, a ring or collar round tin* neck, and a buttertly 
patch ov(‘r tlu^ bridge of the nost* res(unl)ling lu])us erythematosus. 
Th(‘ atT«‘ct(‘d area is swollen and tense, and tlu* seat of burning or 
itching s(‘nsations whicli b(‘coim^ ])a.rticularly acute on (‘xposure to the 
sun. The charaeft'r of th(‘ (‘ruption is W(‘ll shown in th(‘ IMates. In 
the cas(* shown in Tlaie XI it was limitiHl on the feet by the oiitlint* 
of th(* I’urkish slipp(*rs the {)atient wore. Th(‘ congestion disappears 
compl(‘t(‘l 3 % Imt ((‘inporarily, on })ressur(‘. Ikdi'chiic an* common on 
the aif(‘ct(‘d })arts, and bl(‘bs with clear, opaxpie, or blood-stained 
contents of lei'bly alkaline rc ‘act ion may form. Tlie (^ruption usually 
lasts about a fortnight, and is followt'd by desquamation, wliich leav(‘s 
tla^ skin rough, thick(*ned, and pi^rmanently stained a light sepia 
colour. This is (‘specially marked on the back of tlu* hands and on 
the elbows, and forms n'cuignizable evid('nc(‘s (M tla^ disease. It is on 
account of this roughni^ss of the affecUM skin that the dis(aise is called 
“ pellagra,” an Italian word (from pelle (skin) and ayra (rough) ). 

Stannus has suggested, as a result of the W’ork of Sir Thomas Lewis 
on the l)lood-vess(‘ls of the human skin and their responses, that the 
actual skin lesions in pellagra are due to the lib(^ration of histamine and 
30 
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its action upon the blood-vessels, and that the mechanism of the 
production of the affections of the mucous membranes is of a similar 
nature. 

The burning sensation in the soles of the feet and palms of the hands 
which is such a common symptom in pellagra may be ascribed to the 
same cause (see p. 450). 

An obstruction to the sebaceous ducts on the alae nasi produces a 
peculiar sulphur-flaked appearance of the skin in that region. Naturally 
these appearances differ considerably in different races. What is an 
erythema in the European becomes a blackish or purplish patch on tlu' 
skin of a negro. In olive-skinned races pellagrous patcht^s are of a 
sepia colour. 

Implication of the nervous system is indicated by tremor of the 
tongue, exaggerated deep reflexes, and mid-dorsal s})inal tenderness. 
Coarse tremors of the extremities, especially of the head and the 
hands, are frequently noted and become more marked as the dis- 
ease progresses. Muscular cramps may occur, and a definite ankle- 
clonus is often seen. The patient suffers from obstinate sleeplessness, 
occasionally from uncontrollable sleepiness. He experiences great 
weakness, especially in the lower extremities, and is subject to peculiar 
attacks of giddiness, with a tendency to fall forwards or backwards. 
Another characteristic symptom is a feeling of burning in the palms 
of the hands and the soles of the feet. Chvostek's sign, mechanical 
irritability of the facial nerves, is said to be present in the majority 
of cases. A very characteristic symptom is jiyrosis or a burning 
sensation down the cesojihagus. This fre(|iu‘ntly creates the idea in 
the patient’s mind that his food does not agree with him, or even 
that attempts are being made to poison him. The amemia of pellagra 
is usually of the secondary variety. The erythrocyt(;s and haanoglobin 
are diminished to a limited extent in the uncomplicated disease. As a 
rule there is a definite lymphocytosis, but it cannot be said that, 
although usually disturbed, the differential leucocytt'-count is constant 
or characteristic. The gastric juice is detichait in hydrocliloric acid. 
An indirect van den Bergh test is given in all cases. Then^ is no change 
in the corpuscular fragility and the plasma albumin is lightly less tlian 
normal. 

After the disappearance of the eruption, atrophic })atches of skin 
remain in the interdigital clefts, and these, together with muscular 
wasting, give the appearance of washerwoman’s fingers. The hands, 
in fact, are aged out of proportion to the rest of the body. The nails 
become atrophied and brittle. 

As a rule there is no marked permanent elevation of temperature, 
but periods of slight fever occur at irregular intervals. 

Two or three months after onset the symptoms abate and, although 
the affected skin areas remain dark-coloured and rough, the disease 
appears to be arrested. Next spring, however, the whole series of 
phenomena recurs in a more severe form. The eruption assumes a 
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darker colour. The depression of spirits deepens into melancholia, 
which may have maniacal interludes, with a peculiar tendency to 
suicide, esj)ecially by drowning. The general feeling of weakness 
increases ; the patient loses weight and is unable to work ; his gait 
becomes uncertain and somewhat of the spastic paraplegic type. The 
tongue is tremulous. The pains in the head and back become very 
acute, and there may be lightning pains, cramps, twitchings, tremors, 
and even (;pileptiform seizures of the cortical type. Diarrhoea may 
now be troublesome. 

Dor several years the disease may thus recur in the spring with 
increasing severity. The patient becomes greatly emaciated, paralytic, 
and compkdely demented. Helpless, bedridden, suffering from 
incontinence of urine and uncontrollable diarrha^a, covered with 
b(‘dsores, and neglected, he dies from exhaustion or from some inter- 
current disease. 

The duration of pellagra is exceedingly variable. It may 
last only two or three years ; it usually extends to ten, fifteen, 
or more. 

Cases diff(*r considerably. The obscure forms are pro})ably much 
mon^ common than the fully (h‘clan*d disease. This fact was formerly 
al)midantly n-cognized, and they were known — somewhat incongruously 
- as pdhujra sine ]}ella(fra. In soim? the nervous symptoms pn^- 
dominat(% in otluTS the gastro-intestinal : in others again the cutaneous, 
t'orms of hy})era^st}u‘sia ma}" occur in different regions of the body. 
Ocular .symptoms, sucli as ptosis, diplopia, amblyopia, mydriasis, 
are not uncommon. The urine is gtaierally alkaline and may rapidly 
la'come ammoniacal. It may also contain tube-casts and traces of 
albumin and, usually, indican. An interesting aspect of the urinary 
(‘xen'tion has rt‘cently been explored in the excretion of coproporphyrin. 
As emphasiz(nl by lk*ckh and Ellinger, this is sjx'cially noticeable in 
th(^ alcoliolic variety, and now Spies, Cooper and Blankenhorn have 
shown that tlie amount of coproporphyrin in the urine is proportional 
to th(‘ nicotinic acid intake. 

Pellagra in childhood is vt'ry apt to be overlooked, especially in 
native races. The children become irritable, their skin and hair 
tend to lose their normal colour and glossiness, and there may be 
attacks of diarrhoea with transient oedema of the hands, feet, and 
face. After the end of ten days or so pigmented patches appear on 
the skin of the extensor surfaces about the ankles, knees, wrists, and 
elbows, and these blackened patches appear first where there is any 
focus of irritation or pressure. 

A very acute form has been described under the name of “ pellagra 
typhus.” Li this there are intense prostration, high temperature, 
muttering delirium, pronounced nervous tremor, generalized rigidity, 
and convulsions. In extensive outbreaks of pellagra, such as occurred 
among the Turks during the Great War, cases of this description may 
be comparatively common. 
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It has been estimated that in Italy from 4 to 10 per cent, of the 
pellagrins become permanently insane. Similarly, in the Ihiited 
States of America the pellagrins are becoming num(*rous in the lunatic 
asylums. '^Fhe type of insanity is usually a most profound mc^lancholia 
with a suicidal tendency ; cases may resendde in their clinical features 
general paralysis of the insane. 

P^pileptiform convulsions may rarely occur. I’he time of the 
appearance of mental symptoms is subject to th(' wid(‘st variation. 
They may be seen as primary symptoms, or may occur during con- 
valescence. The mental aberrations may he characteriz(*d by profound 
dementia, hallucinations, and the occurrence of katatonia. As a rule, 
restlessness, vertigo, and insomnia anticipate the characteristic 
melancholia. Not only may pellagra It^ad to insanity, hut those insane 
from other causes are very liable to d(‘V(‘lop ptTlagrous maniiV'stations. 
(loldherg(T found that in certain asylums in the initial States th(‘ 
numlx'r of lunatics devel()])ing pellagra each y(‘ar was a constant 
])roportion of the total. In England, pt'llagra has Ixaai noted in 
lunatic asylums sinci' 1918. W atson, in a re\'iew of th(‘ f)(‘Ilagra cases 
in the Eainhill Asylum, J.ancashire, fouiul that tla'V had Ix'en resident 
in the institution from six months to several years. 

J^ellagra due to voluntary restrictions of (hVt has he(‘n rei'ognizial 
by several observers during recent years. Mook and W eiss have seen 
the typical clinical picture of pdlagra in a young woman on a slimming 
di(‘t ; Mumford, Carkw and others have setai it in mature wonaai who, 
for some faddist cult, had Ix^en sul)sisting on an mjbalanced di(dary ; 
(iuthrie, (lr(‘('n, W^alktT and W ht'eler havt‘ report(‘d similar j)henojnena 
in patients on a ketogenic nginan 

Secondary pellnyra has now come to he la'cogniztul as a clinical 
entity. In nearly all its inanih'stations, pellagra is associated with 
some organic k'sion in the gastro-intestinal tract, such as (esophageal 
stricture, carcinoma of the stomach, pyloric ulcer, or pyloric stenosis, 
carcinoma of th(‘ ileum, stricture of tiie rectum, rt'ctal ])olyposis, 
supj)urating hydatid cyst, chronic- amo‘hic dyscaitery, cadiac disease, or 
idiopathic steatorrlKea ; th(‘ Editor has nn-onhal one striking case in 
association with sprue. “ Alcoholic ])ellagra " is the (h*signation 
apyilied liy American observers to the disease as it occurs in chronic 
alcoholics, which apyiears to he not uncomnion in that coimtry. It 
has been suggested by Htannus that an exfdanation of pidlagrous 
manifestations in relationship with these various conditions, is that 
gastritis is the one common factor to tliem all, and it supports the 
hypothesis that, primarily, in pellagra there may he a fault of the 
intrinsic factor. 

Diagnosis. — Of course, doubtful cases are occasionally encoun- 
tered, but a localized erythema associated with nervous symptoms, 
particularly mental symptoms, great debility, and seasonal recurrence, 
in a person in or coming from a pellagrous district, can hardly be 
confounded with any other disease. The lash may be mistaken for 
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acrodynia, erythema multiformo, dermatitis venenata, eczema scjlare, 
trade dermatitis, lupus erythematosus, syphilis, or poison-ivy 
(h'rmatitis ; Ihe <^astro-intestinal disturbance and the glossitis for 
sprue ; while th(^ nervous manih'stations }ia\ e to he differentiated 
froiri liyst(‘ria, »^^eneral ])aralysis of the insaias (T^mtism, and lathyrism. 
hi old p(M)ple with arterio-scl(*rotic chan^^^es and acH^ornpanyiii" mental 
sym|)<oms, th(*r(* may he l(*sions of hands and fe(‘t which may 
he a sourct' of confusion. “ I’ink disease ” in children may also he 
niisfaken for jxdla^Ta, as the distribution of the skin lesions is 
very similar. 

Treatment. — Since the end of the (Jreat War and the formulation 
of th<‘ fnalotficdl profrin iheonj, many workers, notably (joldl)er^er and 
Wh(X‘ler, notcal that improvcaiH'iit in tla^ pellagrous lesions, and (‘ven 
in the nervous involvement, followed a liht^ral dietary rich in ])roteins 
and in vitamins. Th(*n ensued a j)eriod in which liver and yeast 
(‘xtracts, notably Marmite, wen‘ given an extensive trial, but it was 
gemTally conceded that, though tin* therapeutic seend was locktnl nj) 
in the vitamin-l> compk'X, vitamin llj, as exemplified by the modern 
pnritied ])n*parat ions, was not the main factor concc'rmxl. 

In 1987 hih'(*hj(‘m. Maddiai, Strong, and Wooky reported tlie curt^ 
of blacktongne in dogs by th<‘ administration of nicotamide j)re})are(l 
from yeast. Shortly aft<*rwar(ls Sj)ies, Coojxt, and lhanknaiborn 
r(‘cor(led tbe succ(‘ssfiil treatment of four human pidlagra castes. Tlu‘S(' 
j)atients wcTe in hospital and nreiviul a controlled basal ditd, n])on 
which aloiK' symptoms had shown no improvianent. Ih latively large 
<lo>(^s of ni('ofinir (icid were given — 40 SO mgm. by injection, or ‘200- 
l.oOO mgm. by tlu‘ month within a ]H‘rio(l of twenty-four hours. 
.\hnost simultaneously Fouts, HidnuT, Lt'pkovsky, and Jukes ri'ported 
the curi' of four cases of “ alcoholic pellagra ” treattnl on the' same lines, 
tbei-(' being im])rov(*im‘nt in the mental condition, the stomatitis, and 
the int(‘stinal disordc'r, as well as a cun* of the (k*rmatitis. Spies, Bean, 
and Stone (198S) then published a serii'S of 78 cases of endemic pellagra 
and 99 of “ sul)c‘lini(*al ])(‘llagra,” and stated that they had not observed 
a singki acute case that had not res])onded promptly to nicotinic-acid 
th(‘ra))y. Als(> in a s]»ecial study by Spies, Aring, Gelperin, and Stone 
of 60 cas(‘s showing acute* nu'iital disorder, improvement was observed 
within pt'i'iods of tc'n hours to six days after nicotinic-acid medicatie)n, 
the daily dosage being 500-1,000 mgm. by mouth, or 100 mgm. 
intrav'(‘nously. Furtht*r contirmation was soon at hand from Matthews 
who studie*d 18 case's of classical endemic pellagra maintaim'd on a 
p(*llagra dietary. Tliese favourable results in American ])ellagra have 
r(*ct‘iv(*d a considc'rable dt*gre(i of conlinnation in the hands of Alport, 
(ibaligoungui, and Hanna in the Egyptian disease, and also of Ellinger, 
Hassan, and Taha (1987). The\" treated 15 cases with nicotamide 
(Ah'rck), the dose being 1 gnu. daily by the mouth or 0*5 grm. by sub- 
cutaneous injection, and h>und that dizziness and throbbing of the 
h(*ad w(*re more liable to ensue after the latter procedure, (hi the 
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whole they found that acute inflammation of the tongue and aphthous 
ulceration of the mouth subsided in five to seven days, and the sense 
of taste returned in the same time ; in one cas(^ colic supervened 
almost immediately, suggesting intolerance. Thus nicotamide affected 
gn'at improvement in the acute mucous-membran(‘ lesions, as well as 
in the skin condition ; on the other hand, chronic skin lesions or friction 
areas and chronic changes in the tongue wt‘r(‘ only slighlly afh'cted. 
The appetite, mental condition and gtauTal physical luailth W(‘r(‘ all 
improv(‘d. tlrant and Spies also record that ptyalism, Vincent’s 
infection and coproporphyriTiuria also disappt^ared, and Hawksk^y found 
great change in the follicular hyperkeratosis on and around tie* 
naso-lalial folds. 

In contrast to the success recorded abov(‘, it is necessary to state 
that Schmidt and Sydenstricker have recorded failure to cure 15 chronic 
pellagrins with nicotinic acid, while 17 control cases, rt‘ceiving 60 grin, 
of brewer's ytnist, all improved after six weeks. (The dieses of nicotinic 
acid — 100 mgm. twice ireeJdy — were much smalliT than in tin* former 
studies.) 

The Editor, with Hansford, has recorded (1938) in London almost 
instantaneous improvement on nicotinic-acid therapy (150 mgm. daily) 
in patients with glossitis, angular stomatitis, emaciation and diarrlnea, 
who for some nuison had been living on a r(‘stricted ditdary and had 
hitherto been regarded as suffering from sprue. Tln^y hayi* drawn 
attention to the necessity of recognizing as pellagrous conditions many 
obscure mouth lesions in residents in England. 

The eyidence that nicotinic acid is a specific cur(‘ for pidlagra and 
for the somewliat similar nutritional diseases produced by maize diets 
in dogs and pigs (Chick, Macrae, Martin, and i\lartin) thus appears to bi' 
conclusive, and it is now reasonable to ascribe the curative value of 
liver extracts and yeast which was formerly observiul in jiellagra to the* 
nicotinic acid which they contain. Huffin and Smith (1937) found 
that, whereas crude liver products were effectivi^ in relatively small 
doses in canine blacktongue and in pellagra, largtT amounts of more 
purified extracts were ineffective. These observations, which suggest 
that a combination of two substances is needed to correct d(dici(‘nci(^s 
in diets which induce blacktongue and pellagra, are difiicult t > rt‘concile 
with the curative effect of such simple substanc(\s as nicotinic acid and 
nicotinamide. 

It is obviously important to ascertain the contcait of nicotinic acid 
or its amide in maize. Estimations published by Swaininathan show 
that, while maize is the poorest of a sfiries of grains (‘xamined (1 .5 mgm. 
nicotinic acid per 100 grm.), wheat (5*33 mgm.) is tlu' richest. 

The reactions to nicotinic acid in normal individuals are tingling 
and increased warmth over the malar regions and neck. Sometimes 
nausea, vomiting and abdominal cramps may ensue. Nicotinic acid 
and nicotinamide are now put up in a convenient form by a number of 
firms — in tablets of 30 to 50 mgm. each. Burroughs, Wellcome tablets 
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(50 mgm.) are given three times daily (150 mgm.) for ten to fourteen 
days in some mild^ases, and double that quantity (800 mgm.) in more 
severe ones. Overdosage causes some tingling and numbness of the 
tongue, and also in the lower jaw along the course of the inferior dental 
nerv(\ Nicotinic acid treatment should, of course, bo backed up by a 
liberal protein dic^tary and, if possible, should be controlled by 
estimation of the urinary coproporphyrins. 

Ihuauitly Sj)i(‘s, Aring, Gelporin and Bean submitted GO cases with 
iiKUital manifestations to treatment with nicotinic acid and coramine 
(the ditdhylamide of nicotinic acid). These cas(*s showed loss of 
iiKunory, dtTirium, mania, or d(‘pression ; some had a paranoid reaction. 
Bi'coverv took ])lac(‘ in all cases within six days. Korsakoff’s psychosis 
and maniac depn‘Ssions were not influenced. Coramine is given in 
dos(*s of 2-5 c.c. daily by the mouth to a total of 20-50 c.c. 

Prophylaxis. — In view of the volume and importance of recent 
researclus in this held, it is evident that th(‘ prophylaxis of ])ellagra 
is bound u]) in public-health measures and especially in ensuring a 
well-balanc(*d protein dietary. Whethc^r pellagra can be prevented by 
thu propliylactic administration of nicotinic acid remains to be se(ai. 



CHAPTER XXVI 


SCURVY IN THE TROPICS 

Epidemics of this disease are apt to occur aiiionj^ RJin^^s of coolies 
and labourers who are fed on an unsuitable dietary ; this is esjiecially 
the case in natives recruitt'd for labour purposes and f(‘d upon dri(Ml 
cereals and preserved foods, ^\ho previously had h(‘en in the habit, 
in their own villages, of consuming large (]uantiti(‘S of fresh vegetables 
and fruit such as bananas. 

iEtiology. — Scurvy is a food-dtbcicncy discasi'. It is produced, not 
by general starvation, but by the absenc<‘ of an acc(‘ssorv food fac;tor, or 
vitamin, wliich can now be prepared syntheti(‘ally and is known as ascorbic 
acid. This body (]u 4,‘I()) is ]m‘scnt in all fresh v'egetables. including swedes, 
turnips, and onions, and in fresh fruit, (‘specially the orange and kunon. 
It is very sensitive to })rolong(*d heat and drying, and tlu'refon' is al)sent from 
tinned fruits and v(‘g(‘tables, and from dried k'guuu s such as peas and Ix'ans, 
but reappears dina tly thc'se latter are indiuaai to germinate. Yeast, fresh 
meat, and milk contain only small quantities of the antiscorbutic vitamin, 
and, curious to relate, according to Chick and Hume, prescTved /?‘mc-jui(;e 
little or none at all, while preserved lemon-juice is rich in this substanc(‘. 

The antiscorbutic factor is soluble in water and in alcohol, and will pass 
through dialysing parchment, or a f)orcelain filter, without af)preciabl(^ loss. 
It is more stable in acid than in alkaline media. In 1919 As(‘hoff and Koch 
first propounded that scurvy has a j)rimary (k^ficituicy diu^ to lack of cement 
substance, and later Wolbach demonstrated that d(q)osition of collagen in 
the organization of the blood-clots in the state of absolute scrorbutus was 
referable to the administration of vitamin C. ^lSy*oWu*c arid administered 
orally or parentally t<^ scorbutic guin(^a-y)igs has been shown by Menkin 
and Wolbach to induce n'parative processes, as demonstrated by the lenewal 
of dentine formation in the inciscjr teeth and the deposition of osteoid matrix 
and chondromucin at the? costo-chcmdral junction, and these chaiiges present 
additional proof that ascorbic acid is the same as vitamin C. One milli- 
gramme of ascorbic a(;id is sufficient to protect a guinea-pig against scurvy. 

Vitamin C (ascorbic acid or cevitannci acid) not only ri'gulates the 
colloidal condition of interccdlular substances, but also has a respiratory 
function in the cell. Human milk contains more ascorbic acid than does 
cow’s ; on an adecyuate diet it contains (iO- 80 mgm. pt r litre, on an inack^juate 
one 10-20 mgm. It is imj)ortant to note that potaUx'S, wlu^n sOued, rapidly 
Jose theur vitamin-(’ content. Normal individuals and newly- born infants 
have a reserve of the vitamin. The normal (output of an adult is 33 mgm. 
per diem ; when large dos(‘S of as(H)rbic acid are givcui then; is a rise of 
urinary excretion, and the degree of res|)onse .ndicates the degree of satura- 
tion. In scorbutic persons the amount of ascorbic acid excreted is diminished. 
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Symptoms. — Tfie onset of scurvy is insidious, with loss of weight, pro- 
gressive weakness and pallor, and fi feeling of stiffness in the leg muscles. 
The gums soon become affected with a swelling and sponginess of the alveolar 
margin. As the disease progre.sses the gums present fungating masses 
]n’ojeeting h(‘yond the teeth, which loo.-en and fall out. The tongue swtdls, 
the salivary and lymf)hatic glands enlarge, and the breath becomes very foul. 
The skin b(‘com(;s dry and rough, and very soon subcutaru'ous petechiie form 
on the limbs and trunk, commencing around lha hair follichus, ('specially on 
the thigh (Fig. 55). Hiemorrhages occur into th(' musck's of the thigh and 
into the knee-joint. Very painful effusions under the periosteum form 
irregular node's, which may break down and uh-erak'. tEde'rna of the ankles 
is common, and ha‘mo|)tysis or hfemak'inesis may occur. Any injury is a})t 
to caus(‘ a ha‘morrhag('. 

'J’og('ther with these obji'ctive symptoms the patient experience's cardiac 
distre'ss, with irregularity of the* ])ulse‘ and heernic bruits at the ape'x. The 



I'ig. 55.— Scurvy rash in sprue, showing distribution of petechia' round 
hair follicles. (Orig.) 

urine is generally loaeh'd with albumin. On the otlu'r hand, the* digestive 
syste'in is not (list uibe'd, constipation bt'iim more constant than diarrheea. 
The t>>‘^>'<‘hical disturbances are' jn'onouiu'e'd. H(*adache is noted e'arly. and 
de'liriuin KU|M*rven('s in the later stage's. Jn the' most advance'd cases the 
jaw-bone*s ge'iK'rally be*conu* necrotie*. 

In the' young the* formation of a “ sceirvy rosary " at the junction of the 
costal cartilage's, and se])aration of the epij)hyses of the long bones, may 
oce'ur in a varie'ty known as infantile scurvy, or Barlow’s disease. 

Scurvy occurs e'nde'inically in the mine-w'orkers on the Itand. Darling 
and <)th(*rs have* noteel that a certain pre)pe)rtion of these cases are distinct 
in a clinical sense from those si'cn e'lsewhere. In this variety, known as 
Rand scurvi/, the spongy gums and loose teeth that occur in the classical 
type of the disease may be absent, while the heart undergeX'S primary hyper- 
trophy, w ith siibse'epient dilatation sugge.stive of beriberi, though the neuritic 
symptoms of beribe'ri are absent, and the knee-jerks are* actually exaggerated. 
Band scurvy k'liels to occur espe'cially among gangs of native labouiers when 
fed upon an unsuitable dietary ; this is particularly the e^ase in natives kom 
the Congo and tropie'al Africa, who have been in the habit of c'onsuming large 
epiantities of fresh vegetables and fruits, and w ho, w hen at work in the mines, 
are fed upon dried ('(‘reals and }U‘es(‘rved foods. Tlie number of these cases 
is very large indeed. Donaldson reports that in 1920 more than 200 cases of 
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scurvy were treated in one hosjiital, of which number one-third occurred 
^\Tthin three months of entering the mines. It has been found that scurvy 
in these natives predisposes to all kinds of bacterial infections, and especially 
to pneumonia. In cases where the diet is deficient but not entirely lacking 
in vitamin C, actual symptoms of scurvy may not manifest themselves, but 
such individuals are very jirone to bactt^ial infei'tions owing to degenerative 
changt's in the bone-marrow. 

Diagnosis. — To diagnose scurvy under modi'rn conditions is no difficult 
matter ; but c'are must be taken to distinguish mild cases from pyorrheea 
alveolaris. A nK‘tlK)d of diagnosing scurvy in tlu> (*arly stag(‘s, (‘specially 
in children, has been devised by Hess. The arm-band of a sphygmomanometer 
is placed u]X)n the arm and inflated till the jiressinx* reaches HO mm., and 
the venous circulation is shut off. Tliis pre.ssure should be maintained for 
three minut(‘s and then rek^asc'd. As soon as the cyanosis fades, an examina- 
tion should be made for the ])(‘techial spots which may confirm th(‘ diagnosis 
of scurvy. This test dc})cnds on increased fragility of the cajiillarv endo- 
thelium. Hotter introduci'd an intraderrrml tc.st with dichlor])henol-indophcnol, 
which can now be jirocurc'd in standardized and sterilized solution. An 
intradermal needle is used and 1/100 c.c. of the dye-solution is injected. 
The time taken for decolorization of the tissues is a mcasiin^ of their vitamin 
content. This method is a rapid clinical test, so that disa})})earance of the 
dye in five minutes suggests tissue saturation, but longfT than Hni minutes 
a vitamin-C d(‘fici('ncy. 

Treatment.— 'J'his is chiefly diebTic. The disc'asc, if re(‘ognized early, 
readily yields to a diet composed of fresh fruit and v(g(*tal)k*s ; when these 
are unj)rocurable, fresh nuMit can be substituted, })ut is by no means so 
satisfactory, (terminating ]»(‘as ar(‘ us(‘ful v htm fn‘sh vfgctablcs arc un- 
obtainable. The following method of using ])eas and oth<‘r jailscs is reconi- 
mend(‘d by Chick and Hum(‘ : 

Suggested Methods of prepafjng 1’eas, Lentils, or (tiher Pulses for 
THE Prevention of Suurvv, in the Absence of Fresh Vegetables 

1. The dry sc-eds must be whole, retaining the original seed-coat, and 
not milled or d(‘corticated. 

2. They must be soaked in water for several hours ; the time necessary 
depends on the tempiTature — 24 hours at o(T to bO F., and 12 hours or 
less at 9(T' F. 

3. The water must then be drained away and the p(‘as, etc., allov\ed to 
remain in the moist condition with access of air. Th(‘y will theu germinate 
and the small rootlet grow out. . . . This germination will take 48 hours 
at 50 ' to i)0" F., and 12 to 24 hours at HO ' F. 

Soaking. — The peas or other puls(*s, placed in a clfan 8a(*k, should be 
steeped in a trough, barr(‘l, or other suitable vessel, full of clean water, and 
should be occasionally stirred. The sac^k and trough, viv., should Ix^ large 
enough to allow for the swelling of the peas to about three tinu's their original 
size. In a hot climate (> to 12 hours should suffice for this scmkiiig. 

Germination.- -The peas should be lifted out of the waUT and spread 
out to a dejjth not exceeding 2 to 3 Inches in a trough or otluT vessel with sides 
and bottom porous or well perforaUM with holes ; this is to allow complete 
access of air. The seeds must he kept in a mmst atmosphere^ by covering 
with damp cloth or sacking, which is sprinkled (by hand or automatically) 
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as ofU‘n as is required to keep the peas thoroughly moist underneath. . . . 
All the vessels should be de/in. 

4. It is im]K>rt(int that the germinated pulses should he cooked and exiten 
as soon as possible after germinationy and should not be allowed to become dry 
again ; in that case the antiscorbutic properties acquired during the process 
of germination will again be destroyed. The pulses should not be cooked 
longer than necessary. 

Kaw onions are v(Ty valuable antiscorbutics, and raw potatoes and 
sw(‘de8 have a V(Ty d(‘finit<‘ curative value, (banned v(‘getables, with the 
(‘Xee|)tion of canned tornatcK'S, are useless. 

In the case of natives, tht* most valuable antiscorbutic foods are orange, 
lemon, and pawpaw juice, sweet potatoes, and green mealies. Incoinpletely 
f(‘rmented be(T, such as the Kaflir beer, made from germinating grain, is 
said to be of considerabk' value, but this is doubtful. 

\"aughan, Hunter and oth(*rs have now reported brilliant success<*s lu 
the treatment of scurvy with minute dos<‘s of synthetic ascorbic acid {see 
p. 4:10). 

Several cases have now Ixa'ii r(‘])ort<*d upon by Schultzer, Parsons, Harris, 
Kay, and Szentd Jybrgyi ; 40 mgm. of ascorbic acid have been given intra- 
venously to an adult for ten days with succt‘ss ; to infants IIO bO rngm. daily 
by the mouth for about fourteen days. It has been shown l)y Harris and 
Hay that tlu' average aiiKumt of ascorbic acid in human milk is O-Oob mgm, 
l)er c.c. Th(‘ average daily re(juirem(‘nts are probably about 25 mgm. 

Prophylaxis. 'fhe ])revention of scurvy consists in following the 

din‘(‘tions laid down, tog(*th(‘r with attention to ora) liygi(*n(*. It has been 
pointed out that the main factor in the production of scurvy in native African 
races is the prolonged (►v(*r-cooking^ and steaming of food, es])ecially of 
vegi‘tabl(‘s. It is, th('retor(‘, important that in gangs of unmarried natives 
etlici<‘nt cooks should be appointtai. .As a general rule, tlie food cooked by 
naliv(‘ women is much more liygieiiic and j)alatabU‘ than that pre}>ared by 
th(“ nuui. 

\Vh(*r(‘ver ])ossibl(‘, in mines or tropical camps, nativ(' gardens should be 
(established. Alen threatmunl with scurvy should be given light work only. 

* WluTi cahhage is cooker! for onv hour at tcuipcraturca ranging from 80- 10(»® ( '. tftj leaves 
‘use !•(» per tent, ot tlieir antim-orl'Utic value. 
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CHOLERA 

Definition. — (ynXiffunu = Ilow uf is an acntt*, iiift'ctiniis, 
opi(](‘niic diseases, cliaractc'rizod hy })r()fnso and vomiting of a 

colcuirlrss sorons 7nat('rial, by innsciilar (*rani])S, snppn'ssion of nrino, 
algidity and colla])So, tbe jircsmco of fla' cliolora vibrio in tin* intostiiic, 
and ])y a Jiiyh Jiiorlality. 

History and geographical distribution. It is ])robal)I(* tiiat from 
remotest aiiticiuitv choh'ra lias b(*c*n iMuhMtiic in Lower li(‘ngal. and lias from 
time to time spread as an epidtmiic* over the rest of India. In lSl7 it Ix'gan 
to extend all over Asia , east wards as far as Peijiin^ and.lapan, southwards to 
Mauritius, and vv<‘st wards to S\ ria and tlu* eastern shores ol the (’asj)ian, 
Stojiping short at Astraklian in IS^.I, it did not on that oeeasion invad(‘ lOurope. 
Since I wluui eliolera first visited fairope, theTc* liave been at l<‘ast fivi' 
Kuro])(‘aii (‘pidemies 1S4S ol, 1S.7I oo, jsho 74, 1SS4 Sti, and LStlli 9o. 
Minoi- e{>idemi(‘S liavo occurred in fairope since, hut have been restricted in 
area. Ifurinc tlu' Balkan \Var of 101.4, and in tlu' course of the (heat A\’ar, 
(‘speciall\' in tlu' Ikdkans and in Iraij, tlu'rc' wiax* many outhn-aks of cholera 
but the diseas«‘ tlid not extiaid as an epidemii* be\'ond the actual si'at ol war. 

"Idle 1S7<) 74 (‘pidemic firact icall\- spared ( b*eal Thitain. but it crossed the 
Atlanti(‘ and. (‘iiterinc b\' way of .lamaie.i and X(‘w Orleans, raged for a 
time* in tlu* f’nited States. 

From a study of the march of these* (“pieh'inics it is to be* e-einclueleel that 
chede*ra re'aches faireijie by thre*e* elistine-t reeutes (1) via Afghanistan, Bersia, 
the (dispian Sea, anel the V'olga valle‘y ; (2) via the IVrsian (Julf, Syria, Asia 
Mineir, Furkey in Eureipe*, anel the* Medite*rrane‘an ; (4) via Mie* Bed Sea, 

Egypt, nnel the Mediterranean. 

Epidemiology and endemiology. (diede ra follows tlie gre*at 
roiit(‘S of liiiTiiaii iiite*ree)nrs(*, atid is ee>ii\ (‘ye'd ebiedly l>y man preibably 
iij its prineijial ('xtensioiis by man alone* from place* tei ])lace. In 
India, during rc'ligious gatlu‘rings, hundreds of thousands e>f human 
Vieings are e.ollectvd together under liigbly insanitary conditions — as 
at tlie Ilurdwar and Mecca pilgrimages. Elieilera breaks out among 
the devotees, who, wlieai tlj(*y s(‘j)arato, carry the dis(*ase along with 
them as the^y proceed towards thedr homes, infecting the? ])e‘o})le of 
places they pass througlj. ddie Hedjaz has, feir the last 110 ye?ars, 
beem the post of relay of cholera in the rate of progress from the^ Ear 
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towards the West. Durinj:; tliat period there have been 27 
oiithn^aks. In India cholera a})pears to spread from its home in L(;wer 
Ilen^al over tin; northern and western, central, and southern provinces 
in a S('ri(!S of waves of two to four years’ duration. Cholera never 
trav(‘ls faster than a man can travel : but in modern times, owin<^^ to 
the incr(‘as('d sp(*ed of locomotion and tla^ increased amount of travel, 
epidemics advance more rapidly and j)ursue a more erratic course 
than tlu'Y did sixty years a^^). On th(‘ otla^r hand, isolated countries, 
such as th(^ Andaman Islands, Australia, Xew Zealand, the Pacific 
islands, th(; Cape Pro\ inc(‘, and tlie Wk^st Coast of Africa, have so far 
escaped. 

Tlaav* arc two typt's of f)iit brc'ak.s of cholera, according as the general 
water-supply is contaminated or when such contamination is localized to 
• •(‘rtain wells, eist<‘rns, etc. In the former instance the outhn-ak is exj)losive 
and e,'ises oecair simultarie<aisly in all j)arts of the city and disapjx'ar again 
with almost (M]ual suddonm'ss. As an exanud(‘ of the first type oi outbn'ak, 
the Ha»nburg (‘})id(‘mie of 1S92 is the inost instructive. During a pcTiod of 
onl\' two months eholcTa attaekcnl 17.000 |K‘rsons clausing S.tiO.a cleaths in 
a })opulation of (>00,{KM). d’he w at(‘r-suppl\- of Hambui'L^ was taken dirc'ctly 
from th(‘ ri\a*r. while* the adjoinimr c*ity. Altona ( ])(tj)ulation 140,000) filtered 
its water fiom the* river by a slow sand process. Although Altona lies furthc'r 
down tlu‘ rivcT and is eonta rninatcal with the sewage of Hamleurg, yet the 
de'athsin Altona wen* only 2 1 pe*r milk' as against l.'b l per mil le for Hamburg. 
4'o illustrate* the* s(‘ee>nei type* of transmi.ssion, the're* is the well-knerw n in( ide*nt 
«>f the* Bi’oad Stie'e't pum]> in 1S.74. This was the* first eie'finitc* proof of the* 
assoeial ieai eef e holeT'a w itli wat'-r. It wa.« nete'el that e hok'TM w as t(*n times 
me)re* pre*valc*nt in (h)lde*n Sepiare' than in othc'r parts of Lonelern, anel it was 
nerted that the* e ases i:u r’e*ased in the* neighbourhood of the* Broad Strc'ct we*ll. 
d'he* e rnplenee's of a lae teery w be-re* the* v\e‘ll wate-r was use'd hael a large* nurnbc'r 
e)f cjcses, while an adjoining brewery which had a well of its euvn did not 
furnish a single* e‘ase*. 

leogtTS believes that file coiidilioii iicce*ssarv for the sjrrc'ad of 
choleoa in India is an ahsolute* humidify of over O'dOO, and that by 
watching tlu* climatic conditions intluencing tli(‘ se'asonal and annual 
'iicielenco of cholera, ine*reast‘d or eiridemic pre*vak‘nce should usually 
be foreseeai in time to ('liable stejis to be taken to K'ssen its siuead. 

The forecasting of cholera e])ideinics has now become an actual 
perssibility. Past'd upon statistics which ha\e bee'ii subje'e'ted to 
irrod(*rn scie'iitific analysis, an oiithreMk can be* })r('dicte*d two to threat' 
months ahead. All the' cot'tlicients of correlation between the measure 
of chok'ra incich'iice and otluT variables to the highest jiossible order 
have' h(‘('n taki'ii into consieh'ration. The association of high re'lative 
humidity with high te'injx'rat lire*, accompanied by intermittent rains, 
forms the most favourable atmosphere for the development of the 
disease, and the presence of endemic ci'iitrt's from which epidemics may 
at any time spring, must also be accepted. 

D’Hendle made the interesting suggestion that the rise and fall of 
epidemics of cholera is due to the amount of bacteriophage produced. 
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Patients in wliose stools no bacteriopliagt^ a|)])ears die of cdiolera. 
Those cas('s in ^vllonl the ])acteriophage is strong from the outset, 
rapidly recover. This substance, it is said, can also bo demonstrated 
in well water. Indian observtTs have recently found, on analysis 
according to the^periodogram method, that in South India choh^ra 
occurs in a periodicity of six yt*ars. 

Etiology. Discovert/ of the comma hacillus, or vibrio . — The cholera 
vibrio was first discovered by Koch in Egypt in 1S83 ; this discovery 
he confirmed in Calcutta in 1SS4 by fiiuling it in (‘\’ery case of the 



Fig. 56.— Cholera bacillus. Agar culture : 24 hours’ 
growth. >, J.onn. { M nir and JUlr/ric.) 

disease he examined. Ilis obser\ations have since been abundantly 
con finned. 

Description of the cholera hacillus.—'Yhc conmia bacillus (Fig. ol)) is a 
very minute organism, I n to 2 p, in length by b o to O b p in diameter — about 
half the length and twice the thickness of th(^ tuberck' bacillus. It is generally 
slightly curved lik(‘ a comma ; hence its name. After appro])riate staining, 
flagella can be distinguished at each end or at one end only * scenetimes one, 
sometimes (though less freqiKmtly) two. 'Idiese flagella, though of consider- 
able length — from one to five times that of the body of the bacillus — owing 
to their extreme tenuity are diflicult to see in ordinary jinqiarations. They 
are not always present during the entire life of the parasite. In virtue of 
this appendage the bacillus exhibits very active spirillum-like movements. 
The individual bacilli when stained show darker parts at the ends or at the 
centre, suggesting spore -formation. Sometimes in cultures two or more 
bacilli are united, in which c^ase an S-shaped body is the result ; or it may 
happen that several bacilli are thus united, producing a spirillar appearance. 

The comma bacillus is easily stained by watery solutions of fuchsin, or 
by Loffler’s method, dried cover-glass films being used. It is decolorized by 
Gram. 




THE COMMA BACILLUS 479 

The bacillus grows best in alkaline media at a temperature of from 30 ’ to 
40^^ C. (Growth is arrested below 15^^ or above 42 ' C. ; a temperature over 
50"^ C. kills the bacillus. Meat broth, blood-serum, nutrient gelatin, and 
potato are all suitable culture media. It multiplies rapidly without curdling 
in milk. It dies rapidly in distilled water ; it survives longer if salt be added 
to the water — for instance, 285 days in sea-water. 

In gelatin })latt\s it grows readily as minute white coloni(?s, irregular in 
shape, and granular, with surrounding liquefaction, into which the colonies 
of vibrios sink as into funnel-shajK'd depressions. In gelatin stab-cultures 
the growth at first is most active near the surface ; later, as growth proceeds 
along the iK'cdle track, a linger-shajied liquefaction results, which in time 
extends to th(‘ sid(*s of the tube. In older cultur(*s involution forms are 
common ; they may di(i out after five or six wei'ks. 

Agar is not li(piefied, and in it the cultivations retain their vitality longer. 
On potato, at 20 to 30' C., the culture appears as a thin, br<jwnish, ])orcelain- 
likc film. In broth some of the bacilli form a scum on the surface ; otlu'rs, 
falling in masses to the bottom, leave the body of the liquid clear. As a 
rule, the cholera vibrio d(>(*8 not jircKluee hannolysis, if bkxxl be added to 
the medium it grows on, such as agar, afti^r twenty-four hours’ incubation. 
The test is best performed in a fluid medium b}^ adding varying amounts, 
from I c.c. downwards, of a three days’ culture in alkaline broth to 1 c.c. 
of a 5-p(T-cent. 8us})ension of goat’s corpuscles and then thoroughly mixing. 
After incubation for two hours the tub(‘s are ])Iaced in the ice-chest overnight 
and read the next day. With the solutions of sugars ( 1 -]M*r-cent.) usually 
enqiloved, the vibrio produces acid, without gas-formation, in glucose, 
manniU*, saccharose, and maltose. U’Ik' fermentation of lactose, with acid 
production, occurs two to three days later. 

Although taken together, and in conjunction with the morpliological 
a[)pearanc‘es, these culture characters are fairl}* distinctive, nevertheless 
ccTtain other vibrios, such as Finkler's spirillum, behave very similarly ; 
and, as the morjihology and behaviour of these jiaracholera organisms are 
very much like those* of the cliolera vibrio, a mistake is easily made. The 
cholera-r(*d reaction is obtained by the addition of pure sulphuric acid tc:) a 
culture in 1 -})er-c“ent. [leptone solution. 

3’he true Koch’s vibrio may further be recognized by employing an 
artificial immune rabbit's serum, which will agglutinate the organism micro- 
scopically up to a litre* of 1 : 12,(KK). This is the most satisfactory method 
of identifying the cultures, and is, in fact, the final test. 

The true cliolera vibrio gives a positive cholera red and a negative Voges- 
Proskauer r(‘action. 

Is Die comma bacillus the germ oj cholera ?— -Until recently a 
considerable ainoiint of hesitation was felt by many authorities in 
acc(*])tii]g tlie cholera vibrio as the true germ-cause of cholera. 

Certain organisms, known as the paracholera, or inagglu finable vibrios 
(Finkler- Prior and El-Tor), resemble the cholera vibrio minutely. Organisms 
found in fowl cholera, in decomposed cheese, and in river w ater also resemble 
it very closely, but, as they behave somewdiat differently in the serological 
simse, they must be considered to be biologically distinct. Cultures of 
cholera vibrios have been sw allowed many times by way of experiment, and, 
although in some instances diarrhoea has resulted, in only one case has true 
cholera been produced ; furthermore, a few cases have been described w Inch 



480 


CHOLERA 


from a clinical point of view appear to be cholera, but in which the comma 
bacillus has not been discovered afttw a most careful bactt*riolo^ical examina- 
tion. Probably for the production of cholera several conditions are necessary, 
of which the comma bacillus is only one. The dilhcailty of producing true 
cholera in lower animals by the administration of cholera cultures has exer- 
cised the minds of many, especially in the days following Koch’s discovery, 
but more recently cholera-like symptoms have been j)roduced in ground- 
squirr(‘ls by administering cultures of the organisms in alkaline media. 

The exact significance of the non-agglutinating vibrios still remains a 
matter of debate. By emj)loying an “ o}»en bowl ” method of enrichment 
of the ficces in a cholera district, 'J’omb and ISlaitra hav(‘ been able to show 
that 35 per cent, of the inhabitants are (‘hronic carritTs of non-agglutinating 
vibrios, and they have ])roved to their satisfaction that the agglutinability 
is mainly an artificial property developed and fixed in the organism by 
laboratory cultivation. Wlum instaninated into water in a tank under 
natural conditions, agglutinating vibrios in chokaa st4)ols chang(‘d in twelve 
to fourb'cn hours to the non-agglutinating form. It is thenddn* possible 
that agglutinating vibrios are merely diffenait phases of the same f)rganisin. 
Doorenbos has brought forward evidence* that the* Kl-Tor vibrie) anei e)ther 
vibrios which behave soineve hat difl'erently are, in fact, the true ehe)lera vibriej 
contaminated with bacte*riophage. The viruk'iice* of the* chole*ra vibrie) (*an 
be exalted by passage* through guine*a-pigs anel suc.(H*ssive‘ culturing of the* 
peritoneal e*xuelate e)f intrape*rite)ne*ally injecteel animals alte*rnating with 
culture media grejwth inoe*ulatie)ns. Such a fixe*el virus, the* virule*ne*e* eef 
which cannot be* e*xalte‘el, fe>nns the material use'el by Haffkine* fejr his e*he)lera 
vaccine*. 

(Jaieliier and \’enkatraman (1935) have* maele* a meest thoremgh exaininatie)n 
of the* vhe)le e*holera-group e]ue‘stion. 'rhe*y fdunel that heat -stable antigens 
are* elivisible inte) (a) a consielerable numbe*r of spee*ific antigens whie*h are* 
be'st eie'meaistrated by () gre)up se*ra anel 11-0 suspensie)ns, which serve as a 
basis e)f classifie-ation inte) () subgre)U])s, anel (5) a ne)n-specific compement 
v hich is de*monstrablc vitli () se*ra anel (.) suspe'iisieens. 

(1) The first subgreeup e*e)ntains all the stanelarel e he)1e*ra vibrios, and is 
eejiisidcred to be* the eenly e*lass kne)wii te) cause* e*piele*mi(*s e)f e heelera. 

(2) The* }ia-me>lytie* "'El Te)r ” vibrios are se*re)le)gieally dive*rse‘, anel tins 
term should be* re'se-rve-el for those* with the same* 0 com})e)ne‘nt as the standard 
e*}ie)le*ra vibrios. 

(3) For iele ntifieatieen e)f the* unele)ubte‘el e hejle*ra vibiios a stanelarel sub- 
greeu]) (I) O serum is re‘e*omme*neie*el in e*e)njunetie)n with the ha*me>lytic te*st, 
and this she)ulel contain be>th the main and subsieliary antige‘ns e)f the* subgre>uj). 

(4) As a we)rking rule, it is sugge*ste‘el that bacte*rie)le)gie‘al ])re) ef eif a cholera 
organism should rest e>n the ise>latie)n of ne)n-ha‘nu)lytic vibrie) with the s])ecific 
O antigen of subgroup ( 1 ). 

Toxins . — Kiltored cultures of the clioh'ra vibrio have little toxic 
action ; flic virus is apparently liberated by the disintegration of 
individual organisms. Dead cultures, whem giveui by the nK)utli, 
produce no effect, unless the intestinal epithelium is injured. The 
toxic bodies are most.ly destroyed at 60^ C. ; wb(‘n ground up and 
frozen by means of liquid air, an extract of high toxicity to laboratory 
animals, if injected intravenously, is obtained. In the human body 
the organism multiplies in the small intestine, and liberates an endo- 
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toxin which is responsible for the desquamation of the endothelium 
and other manifestations of the disease. 

Phan was able to pnxiuce the clinical phenomena of cholera in guinea-pigs 
by injecting cholera endotoxin in dos<;s of 0- 05-0-1 c.c. in the neighbourho<xl 
of the splanchnic nerves. Similar results were obtained in rabbits by injecting 
doses of 0-2 c.c. 

Methods of iri/cr/ion.— Infected material is conveyed from sick 
to healtliy [)ersons, either by water, food, or infected linen. iMilk, 
raw fruit, and vegetables and other uncooked foods are all able to 
S(‘rve as media for the transference of the vibrio. Clothing, if kept 
moist, can retain the infectivity for days and weeks. Greig has shown 
in India that in stools kept in the dark at room temperatures, the 
average life of the vibrio is about eight days. When dried the vibrio 
only survives for a few hours. In water the vibrio of cholera remains 
viable for a considerable time. In reservoir water they live about 
two weeks, but souk* grossly contaminated streams, such as the Ganges, 
are unfavourable to their survival. 

Cholera carriers . — ]\atients who have recovered from cholera may 
continue to excrete the \ il^rio irregularly for weeks ; as a rule 90 per 
cent, become free from inh^ction in 14 days and 99 per cent, in a month. 
The exist (‘lice of ajiparently h(‘althy cholera carri(*rs has now come to 
be recognized. In some instances 20 per cent, of thos(‘ in immediate 
contact with cholera patients have become carriers. While (diolcTa 
was ])rt‘valent in Manila, McLaughlin found 6 to 7 per cent, of carriers 
amongst h(‘alt}iy ])(*rsons living in infected districts. A healthy 
cboltTa carrier may continue to excrete the vibrio for two montlis. 
Y(dren, or quinoxf/l {see [). 540) is said to be an efficient drug in curing 
tlie carrier stat(‘ ; 1*5-2 gnu., given daily per os, causes the disappear- 
anc(‘ of the vilirios within two to live days. 

lonnHnitij.- Tla* guinea-])ig or rabbit may easily be immunized 
against thi^ cbol(‘ra vibrio by repeated intraperitoneal injections of 
killed cultures of the vibrio. The Idood-serum thus obtained shows 
marked agglutinative projierties in a high titre towards cultures of 
the organism. Furth(‘rmore, this serum, when injected into a non- 
immune animal, has marked protective power against even four or 
five times the lethal dose of organisms. When this happens, active 
bacteriolysis takes place, a phenomenon known as Pfeiffer’s reaction. 
The test is performed as folIow^s : 

A loopful of a young agar-culture of the vibrio is added to 1 c.c. of bouillon 
containing O-OOl c.c. of anti-cbolera serum, and is injected into the jx^ritoneal 
cavity of a young guinea-pig ; by means of capillary tubes inserted into the 
pt^ritoneurn, the jx^ritoneal fluid is examined microscopically every few 
minuU‘8. If tlie original culture was a true cholera vibrio, the organisms 
break u}) into globules ; if not, no change takes place. The inoculation of 
animals by cholera cultures produces an immune serum which is remarkable 
for its high agglutinating power, the titre going as high as 1 : 20,000. For an 
agglutination test to prove that vibrios isolated from the stools are true 
31 



482 


CHOLERA 


cholera, a serum of a titre of 1 : 4000 should be used. This is the surest 
proof that a suspected organism is cholera. 

Pathology. — Rigor mortis occurs early and persists for a considerable 
time. Curious movements of the limbs may take place in consequence of 
post-mortem muscular contr, actions. On dissection the most characteristic 
pathological appearances in cholera are those connected with the circulation 
and with the intestinal tract. 

If death occurred during the algid stage, the surface presents a 
shrunken and livid appearance. On opening the body, all the tissues 
are found to be abnormally dry. The muscles are dark and firm ; sometimes 
one or mor(' of them are discovered to be ruptured — evidtntly from the 
violence of the cram])s during life. The right side of the heart and the 
systemic veins are full of dark, thick, and im])erfectly coagulated blood 
which tends to cling to the inner surface of the vesst'ls. Fibrinous clots, 
extending into the vessels, may be found in the right heart. The lungs 
are usually anaemic, dry, and shrunken ; occasionally th(\v may be cong(‘sted 
and cedematous. The pulmonary arteries aie distended with blood, the 
pulmonary veins emi)ty. The liver is generally loaded ith blood ; the gall- 
bladder full of bile ; the sj)leen small. Like all the other serous cavities, the 
])eritoneum contains no fluid, its surface being dry and sticky. The out<*r 
surfa(‘e of the bowel has generally a diffuse rosy-red, occasionally an injected 
appearance. On o])eiiing the bowel it is found to contain a larg(T or smaller 
aiuount of the charactc'ristic rice-water mat<*rial, occasionally blood. The 
mucous membrane of the stomach and intestiiu' is gmierally ])inkish from 
congestion, or there may be irregularly congeshal or arboresctmt ])atchcs of 
injection here and there throughout its (‘xtent. 

If death oc(‘urred during the stage of reaction, the tissues are moist ; 
the venous s\ stem is less congested ; the lungs are jirobably cong(‘sted and 
(edematous, ])erhaps inflamed, f'ery probably there an* evidences of ex- 
tensive enteritis. 

(Jreig has shown that the gall-bladder and biliary jiassages are frequently 
invaded by the cholera vibrio and that, as in the? case of ent(‘ric, this viscus 
may act as a re.s(*rvoir of infection. Occasionally, according to tlu; same 
authority, cholera may be a se|>tica*mia ; th(* vibrios have been di'inonstrated 
in the substance of the lung and kidneys, and in the spleen ; they may be 
excreted in the urine (8 times in 5o cases — (Ireig). 

On microseo})ical examination of the contents of the bow(*l during the 
acute stage of th(‘ disease tin* comma bacillus, in most eases, may be demon- 
strated. Lsually it is in great abundance ; occasionally it occurs in almost 
a j)ure culture in the upjx'r jiart of the small intestinti and duodenum, but 
it may be very scarce in the large gut. Sections of the intestine show 
the vibrio lying on and between the epitlu‘lial cells of the, villi and 
glands. 

Rann(*rjee and Dutta have demonstrate*!! focal necrosis in the kidneys 
with hyaline chang(*s and sclerotic atrophy. There are also marked changes 
in the convoluted tubules. 

Symptoms. — An attack of cholera comniences in oik; of tw'o ways : 
either it may supervene in flte course of what appears to la; an ordinary 
case of diarrha3a, or it may come on suddenly and without any well- 
marked prodromal stage. Iluring cholera epidemics diarrhoea is 
unusually prevalent. It is a common observation that at such times 
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an aliack of this lattor nature, after a dny or two, may assume the 
cliaraeters of tria^ eholera. I’he ])reliminary l(joseness in such cases 
is call(‘(l tlie “ })r(unonitory diarrfima.” Wliotlier tliis looseness is 
specially related to the subseqiuait attack, or is of an ordinary catarrlial 
or bilious type and acts simply by predisposing to the specitic dis(ias(‘, 
has not l)et‘n detcTuiiiied. l*ossibly, owing to a catarrlial condition- 
in its(‘lf non-specitic — th(‘ r(?sisting pow(‘r of tlie mucous membrane 
is impaired ; possibly, in diarrhcjea, tin* large amount of fluid in tlie 
gut affords a favourabk^ medium for tlu; cholera germ to multiply 
in. besides diarrluea, other prodromata, such as languor, d(‘pression 
of spirits, nois(\s in the ears, etc., ar(‘ sonadiuH'S noted. 

^\’lH‘n true cholera s(ds in, ])rofuse watery stools, painless or asso- 
ciated with griping, and at tirst fa-cal in character. ])our, one after 
the* otliiT, from the jiatient. Quickly tlac stools lose their faM-al charac- 
ter, becoming colourless or, rather, lilo* thin rice-water containing 
small white tlocculi in suspension. Knornious (juantities — jiints - of 
this mati'rial an* g(‘nt‘rally ])ass(‘d by the patient. Presently vomiting, 
also j)rofus(*, at tirst ja'rhaps of food, l)ut very soon of the same 
ri{*e-water di'script ion, su])erven(‘S. Cram]>s of an agoni/ing character 
attack th(‘ (*xtn*mities and abdomen ; the implicated miisc-les stand 
out like rigid bars, or are thrown into lumps from the violence of the 
contraidions. The ])atit‘nt may rapidly jiass into a state of collapse. 
In consequence princit»ally of tla* loss of iluid by the diarrheea and 
vomiting, the soft parts shrink, tlie cheeks fall in, the nose bec'omes 
])inclied and thin, the ey(*s sunken, and the skin of the fmgt'rs shrivelled 
like a wasberwoman’s. d'he surfa<*e of the body becomes cold. li\id, 
and bedewi'd with a clammy sweat ; the urine and bile are suppressed ; 
respiration is rapid and shallow : the bri*ath is cold, and the voice- 
is sunk to a whisper. The ])ulse soon be*comes thready, weak, and 
ra]ud, and th(*n, after coming and gt)ing and feebiy fluttering, may 
disappt.‘ar entirely. The surfaci* ti*mj)erature sinks several degrees 
below normal to IKT' or ‘84° ¥. ; whilst that in the rectum may be 
several degrees above normal ■ 101 to lOo^ p. d’lk* jiatieiit is now 
restless, tossing about uneasily, throwing his arms from side to side, 
f(‘ebly com])laining of intense thirst and of a burning feeling in the 
chest, and rackt'd with cram])s. Although a]iath(‘tic, the mind gener- 
ally remains ck'ar. In oth(‘r instances the patient may wander or 
may pass into a comatosi* state. 

This, the “ algid stag(‘ ” of cholera, may tt'rminate in one of three 
ways — in death, in rapid convalescence, or in febrile reaction. 

When death irom collapse su])ervenes, it may do so at any time 
from two to thirty hours from the commencement of the seizure, 
usually in from ten to twelve. On the Other band, the gradual 
(•(jssation of vomiting and purging, the reappearance of the pulse at 
the wrist, and the return of some warmth to the surface may herald 
convalescence. In such a case, after many hours’ abstaice, the secretion 
of urine returns, and in a few days the patient may be practically well 
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again. Usually, however, a condition hnown as the “ stage of reaction 
gradiuilly supervenes on the algid stage. 

Reaction : cholera typhoid . — 'When the ]:)ntient enters on this stage 
the surface of the body becomes warmer, the pulse returns, the face 
fills out, restlessness disa ppears, urine may be secreted, and tlie mol ions 
diminish in number and amount, becoming bilious at the same time. 
Coincidently witli the subsidence of the more urgent symptoms of the 
algid stage and this gcaieral improvement in the app(*ararice of the 
patient, a felirile condition of greater or less severity may d('Vf‘lop. 
^hnor degrees of this reaction generally subside in a few liours ; but 
in more severe cases the febrile state* b(‘conu*s aggravated, and a 
condition in many respects closel}^ resembling typhoid fever, “ cholera 
typhoid,” ensues. 

During the stage of reaction death may occur from a variety of 
com[)lications — from pneumonia, from eaiteritis and diarrh(pa, from 
asthtaiia, or from such effects of ura'inic poisoning as coma and 
convulsions. 

In cholera there is a considerable variety in the character of the 
symptoms and in their severity, both as regards individual cases and 
as regards different epidemics. ]t is generally stated that during an 
epidemic the earlier cases are the more seven*, tliose occurring towards 
the end of the epidemic being on the whole milder. 

Ainhuhtiory cases occur during all ejudeniics. Sncli cases are 
characterized by diarrbcea and malaise merely ; there is nevtT compk'te 
suppression of urine, the diarrhcxni nev(*r loses its bilious character, 
and it is not accompanied by cramps. The attack gradually subsides 
without developing a subsequent stage of reaction. 

Cholera sicca . — A very fatal type is that known as ” cholera sicca.” 
In these cases, though there is no, or very little, diarrheea or vomiting, 
collapse sets in so rapidly that the patient is quickly ov(‘rpow(‘red as 
by an overwhelming dose of some ])oison, and dies in a few hours 
without purging or any attempt at reaction. 

Hyperpyrexia is an occasional though rare occurrence in cholera. 
In such cases tlie axillary temperature may rise to 107° U., tlie rectal 
temperature perha])s to 109° F. I’hese cases also are almost 
invariably fatal. 

Sequelae. — Cholera is apt to be followed by a variety of more 
or less iinj)ortant sequ(*la‘, such as anaemia, mental and physical debility, 
insomnia, chronic entero-colitis, n(‘phritis, different forms of ]julmonary 
inflammation, parotitis apt to end in abscess, ulceration of tlu* cornea?, 
bedsores, and gangrene of different parts of the body. Jaundice occurs 
at times, and is said to be of the gravest inq)ort. Pngnant wa)men 
almost invariably miscarry, the fmtus showing evidences of cholera. 

Mortality. — The average case-mortality in cholera amounts to 
about 50 per cent. Some ei)idemics are more deadly than others. 
As already mentioned, the mortality is greater in the earlier than 
in the later stages of an epidemic. To the old, the very young, the 
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pregnant, the subjects of grave organic disease — particularly of the 
liver, kidneys, and heart — the dissipated, the underfed, and the feeble, 
the danger is very great. 

Diagnosis. — During the height of an epidemic the diagnosis of 
cholera is g(‘nerally easy ; the profuse rice-water discharges, the 
collapse, the cold clammy skin, the cyanosis, the shrunken features, 
shrivelled fingers and toes, the hioble husky voice, the cold breath, 
the cramps, and the suppression of urine, together with the high rate 
of mortality, are generally suthcientl}^ distinctive. Jhit in the first 
cases of some outiireaks of diarrhoea, which may or may not tuni out 
to be cholera, and the true nature of which, for obvious reasons, it is 
of importance to determine, correct diagnosis, though urgently required, 
may not be so easily attained. 

Symptoms resembling true cholera may supervene in the course 
of an ordinary severe diarrhwa, and are very usual in cholera nostras, 
in mushroom poisoning, in jitomaine poisoning, in the early stages 
of trichinosis, and in a c(*rtain typi^ of pernicious malarial fev(‘r, as well 
as in fulminating bacillary dysentiTy. In none of th(‘se, however, is 
the mortality so high as in choItTa. It may be laid down, therefore, 
that epidemic diarrlaea attended by a case-mortality of over 50 per 
C(‘nt. is cholera. 

In other forms of diarrhma it is rare for the stools to be 
|)ersist(‘ntly so entirely devoid of biliary colouring matt(*r as they 
are in choItTa. A careful inspection of the stools sometimes yields 
valuable information in other ways. Thus in mushroom {)oisoning, 
fragnuaits and spores of the mushrooms which caused the catharsis 
may i)e s(‘en ; in trichinosis the microscope may detect the adult 
trichina. In choleraic malarial attacks, the pres(*nce of the malaria 
parasit(^ in the blood, tlie periodicity of the symptoms, their amenability 
to quiniiH', together with the characttT of the ])n‘vailing epidemic, 
geiK'rally combim' to guide to a correct diagnosis. 

Tlu* (hdiM’tion of the comma vibrio in the stools is regarded as 
a positive indication of cholera. It would be rash, however, to 
atlirni that a iH‘gative result fn)m bacteriological examination of a 
single case rules out cholera. Moreover, such examinations, to be 
trustworthy, have to be made by a skilled bacteriologist. 

In the first place the stools should be examined microscopically. If 
vibrios are j)resent in large numhtTs they may be detected by their scintillating 
rotatory movements in hanging-dro[) preparations, or by their characteristic 
shajxi in fiecal tilms stiiined by (^arbolfuchsin. According to Koch, a rough 
diagnosis may be made in 50 ])er cent, of cases by this methcKl. If vibrios 
are very numerous, platt^s may be spread direct by means of a platinum 
loop on alkaline agar, or on DieiidonntVs medium. When the vibrios are 
present in small numbers— (n) alkaline peptone water should be inoculaU'd 
with two or three loopfuls of the fluid stool and incubaU‘d for seven hours. 
(6) Any pellicle })resent on the surface of the broth should be examined in 
stained films or by means of the hanging-drop method, (r) If vibrios are 
scanty, reinforce by inoculation a second alkaline peptone tube, incubating 
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for a further six to eight hours, and plate out on alkaline agar, (d) An 
emulsion of colonies from the plate or from an agar slope sub-culture should 
be agglutinated against the specifics antiserum in high titre. 

An agglutination of over 1 : IfKM) with a s])ecially prejiared serum is 
strongly suggestive of tlie true cholera vibrio, whi(*h may then be subjected 
to s})ecial biochemical t(‘sts. 

Tiie carrying out of the full technique of idcaitification dtunands a con- 
siderable amount of tinus and as promptness is the first essential in cholera 
diagnosis, be it of acut(‘ cast's or of “ carriers,” other methods of rapid and 
more or less accurate diagnosis have been devised. *SiU'h a one is Bandi’s 
method, which consists in inoculating the suspected fa'ces into peptone water 
containing agglutinating st'rum of such strength as to clum]) the cholera 
bacillus in high dilution. Within as short a period as thnn* hours’ incubation, 
it is said that agglutination visible to tin* naked eye will be present. This 
method, when employ(*d in a large' numb(*r of cases, lU'ccssarily consumes a 
large quantity of immune' serum. 

A ijioditicalion of tin's inetliod has he'eai descril)t‘d by Davie'S and the 
Editor in the rapid diagnosis of choh'ra e*ase‘s and carrie'rs, with satis- 
factory re'sults. Tli(‘ advantages of such a ra])id method are^ obvious : 
positive reports may be* oldained eni a large number of e*ases in as shejrt 
a period as (*ighteen lioiirs. and as many as 200 stoetls may be* examined 
by one worker during tin* course* of a morning's work. The* following 
are the stage's in the* t(‘chni<(U(* : 

1. Jnoe'ulate a ])latinum loopful of fa'ces into pe*])te)ne ^^ate*r, 1 qjcr-ce'ut. 
peptone, 1 -per-cent. Na('l, made* elistinctly alkaline to litmus. 

2. Incubate for e'ighte'en henirs. 

3. Place a drop of the resulting gre)wth on the slab of (Harrow’s agglutino- 
meter (Ap]K*ndix, }». 1 03tJ), together with a drop of 1 : SO anti-cholera se'ruin. 
'j’he* resulting mixture* will give a elilution of che)lera si'iiim 1 : U>0. On the 
next partition drop an equal epiantity e)f normal sidine*. togetlu'r w ith a drop 
of the peptone; culture', te) act as a ce)ntre)l. Ibitate* for thre*(; mimite'S. If 
.vibrios are' present a definite agglutination will be' obtaine'd. Tliis can be 
confirmeel later by agglutinating with e-hok'ra se'rum in still higlier dilutions. 
It is reconime'uded that stock bottle's (with rubber ca})s) of cholera serum 
preserve*eJ with O o-per-ce nt. carbolic aciel, in tiilutie)ns I : 80, 1 : 160, I : 320, 
1 : 040, be kept. If an agglutination is obtained with the* lowe;r dilutions it 
may subseepjently be titrate'd with the liiglu'r one's. 

4. The j)eptone culture e;an then be Hj)read with a i)latinuTu loop on 
Crendiropoulo’s agar (alkaline agar), anel a ])ure culture obtained by this 
means. The chok'ra (;olonies can easily be re'cognize'd by their transparent 
bluish-grey apj)e*arance. The luemolvtie; and sugar tf'sts may then be ajqdit'el. 
It has been found that vibrios agglutinating with specific scrum in high 
dilutions invariably give correct sugar, haunolytic, and cholera-red 
reactions (p. 479). 

In an autopsy on a suspected case of cljolera, at h'ast two sections 
of the small gut, each about 5 in. in hrngth — one just above the ileo- 
caecal valve, the other in the middle of the ileum — should be ligatured, 
cut off, dropped into sterile saline and sent to a bacteriological 
laboratory as soon as possible for exaniinaEon. 

An agglutination reaction is not obtainable from the blood-serum 
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durinj^ the acute stage, but it is present after eight to ten days from 
tlie eoninu'ncement of the disease, reaching its rnaxiniuin in four 
weeks ; it may attain a ti ire of 1 : 1000. 

Taylor lias made it plain that the question of H and O agglutinins is 
important in the diagnosis of cholera, as it is in other intestinal diseases of 
l)a(*t(*rial ori^jin. Tin* *H element is present in sonu; strains of true cholera 
and also in all the sapro])hytie water vibrios. It is atlirmed that the O 
agglutinin is all-important. Kvidenee is accumulating that the O groujis 
of vitirios an* n'sjionsihh* for all serious outbreaks of ch(dt‘ra. Therefore it 
is important that sera from elnilera cas(‘s should be tested for O agglutinins. 

Differential diagnosis.— True cholera may have to he differeii- 
tial(‘d from p/on/o/nc, or tfiushntcni poisouiiig, which may simulate it 
V(‘ry cIos(*ly, hut in tliis instance there is usually a history of several 
jiersons having hi'en attacked at tlie same time, after ha\ing partaken 
of a ji.articular article of food, (especially if it was tinned. It is said 
that leucocytosis is ahs(‘nt in food-poisoning and is usually found 
during the (‘arly stag(*s of cliolera. 

As the practical diagnosis of chol(*ra from food ])oisoning is so 
im|)ortant, Toml) has giv(*n the us(*ful table on the next ])age. 

AUjid or c}}(}l<‘r(iic suhiertidu tnohirid may simulat(* tnn* cliolera very 
clos(‘ly (-sec ]). SI): ovuir (Ijfsrntrrif may occasionally Ik* so sudden 

and s(‘V(*n* in its onset as to resemhh* cholera ; in arsioiival jnrisoning 
vomiting is mort* usually th(‘ most urgent coiujiiencing symptom, 
(diildn*!! suffering from cholc'ra an* apt to (lev(‘lo}) ijyp(*rpvrexia with 
cert'hral manifesUitions, which may he diagnosed as m(*ningitis. 


Treatment 


During chol(*ra epich'mics it is customary to establish depots where 
sedative and astringent r(‘nu*dies for the treatment of diarrh((*a are 
dis])(*ns('d gratuitously. Chlorodyne in small doses, 10-15 drops, 
has been found to he of value in staying Hk* progress of the dist'ase. 

In the early stages of evacuation opium is of undoubted value. 
A hypodermic injection of niorjdiia, J gr. with atropine gr. should 
be giv(*n immediately. An anti-diarrha‘ic of jumven value is as follows : 


B Sodi. bicarb. 

Cret. prej). 

Spirit. a‘ther. 

Spirit, ammon. aromat. 

Tinct. opii 

Aq. chlor. ad. . 


gr.xv (0*972 grm.) 
gr.xv (0-972 grm.) 
HI XV (0*88 c.c.) 
llfxv (0*88 c.c.) 
Tlfxxx (1*77 c.c.) 

5i (28*4 c.c.) 


Of this, 1 fl. oz. should be given e^ ery tvtnty minutes till ])urging 
and vomiting cease. 

Kaolin, or “ bolus alba,*' as an intestinal astringent in large doses 
adsorbs toxins, thus rtndering tliein inert. It consists of kaoliiD 


’ Kaolin powder suitable for this purpose may bo obtained from the Electric Osmosis Co. 
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Cholera. Food Poisoning. 

Diarrhcra. 

Painless. Procodt'fs 

vomiting. 

Associated with some intc'stinal i)ain. 
Follows vomiting. 

Vo)nilii}ij. 

Causes no distress. 
Watery and pro- 
jectile ; follows 

diarrluTca. 

Often violent and distn^ssing. Vomit 
consists of food and is nevt>r watery. 
Copious or projectile. (lenerally 

precedes diarrha'a. 

.V ausea. 

Absent. 

Constant. 

Retchiny. 

Rare. 

Constant, often seven*. 

Abdominal 

jxiin. 

Rare. 

Constant. 

Tenesniu,^. 

Absent . 

(Vmnnon. 

Stools. 

Watery and copious. 

Liquid, fa*cal, and otTensivc*. Never 
col()url<‘ss and copious. 

Urine. 

Conq)lete sujipression. 

X<‘Ver sui)pn‘ssed. 

Muscular 
cram j>s. 

Constant and S('ver('. 

In very S(>vere cases and c»)nfined to 
extri'init i(‘s. 

Collapse. 

FreqiKUit. Chitdlv from 
loss of fluid. 

Faintness arul syncop(‘ from toxaunia. 

Fever. 

Surfact' temperature 
below normal. 

Axillary fenq>erature 99 1U2 F. 

Headache. 

A l)S(‘nt. 

Frequent. 


200 grin. (7 oz.) in 400 c.e. (14 oz.) of water. This is a single dose, ])iit 
if there is vomiting it may he re])eated, and si})}H‘d in small amounts 
at a time. It is inconvenient to give on a largi* scale*, on account of 
the hulK'iness of the dose. 

It has boon show n that the adsorf)tion-rate by kaolin is much more raj)id 
in the case of the cholera vibrio than with an emulsion of (;qual strength of 
cholera and typhoid, and quick adsorjition is one of the reasons why kaolin 
in massive doses is beneficial in the treatment of cholera. 

Subsidiary vic(isurcs.~-Th(j. patient sliould he kept strictly in the 
liorizontal position, in a warm h(*d, and in a well-ventilated, but not 
too cold room. His thirst should he treat(*d hy sijis of iced w’ater or 
of soda-w\ater, or champagne, or lirandy and water. C’ojiious drauglits, 
as they are likely to })rovok(^ vomiting, are usually condemm'd. It 
does not follow from this that they are harmful ; tla^ emesis contributes 
to the elimination of germ and toxin. Cramps may lie r(*liev(‘d by 
gentle frictions with the hand or with ginger-root, hy a small liypodermic 
injection of morphia, or, these failing, by short chloroform inhalations. 
The surface of the body should be kept dry by wiping it with warm 
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dry cloths, and the surface heat maintained by hot-water bottles or 
warmed bricks placed about the feet, legs, and flanks. The patient 
must not be allowed to get up to pass his stools ; a warmed bed -pan 
should be provided for this purpose. The foot of the bed should be 
raised. All food should be withheld while the disease is active. 

Essential oils . — A standard method in India, emphasized by Tomb 
in the treatment of cholera is by an essential-oils mixture, made up 
as follows : 


R Sj)irit. lethcr. 

Ol. anis. 

01. oajup. 

Ol. junip. . 

Acid, sulph. aromat. 


TTfxxx (M76C.C.) 

n\v (0-296 c.c.) 

lT\v (0-296 c.c.) 

nfv (0-296 c.c.) 

nixv (0-888 c.c.) 


Haifa drachm (1-176 c.c.) in half an ounce of watcT, every quarter of an 
hour. Total dose, 8-14 drachms. 


This mixture should be given immediately, when })racticable, but it 
is claimed that in most cases r(‘Covery will b(‘ s<‘cured within a period 
of sev(‘n hours from tlu* onset of symptoms. No sj)(*cial care need be 
paid to the subs(H|uent dieting of the case. Vomiting, purging, and 
intestinal pains a])j)ear to be immediately controlled by the mixture. 
The value of the method in the mass treatment of natives is obvious, 
as little suj)ervision is requisitt*. 

For tlu‘ stage of collapse which is due to the loss of a large amount 
of fluid from the system, intravenous injections of salines must be 
rt'sorted to in ord(‘r to n^store the balance. 'The collapse in cholera 
does not differ fundamentally from collapse from hieniorrhage, and 
similar j)rinciples of treatiiuait underlie both. Intravenous injection 
of salt solution is therefore indicat(‘d. Normal saline solution, if 
given in suOicitait (|uantiti(‘S acts w(‘ll. Success app(‘ars to det)end 
upon the introduction of a sutlicicnt quantity. Thn-e to four pints may 
bt‘ iu‘cessarv. Should the veins lu* dillicult to find, transfusion may be 
j)erform(‘d into the ])eritoneum or undtT the breast. After introduc tion 
of two to four })ints of saline into the peritoneal cavity, the veins soon 
become promincait and intravenous injc'ction can be carried out. 

lingers s treat nioit.- — Hogers, believing that collapse in cholera 
was (hie to c'xcessivc* loss of chlorides frotn the blood-stream, introduced 
a m (hod of tn^ating cholera by intravenous injection of hupcrionic 
salin(‘ solution. Since' the* introduction of this method the case- 
mortality from this disease has been gre‘atly reduced. Owing to 
collapse* of the* veins, it is generally necessary to cut down on them in 
order to insert the* cannula. 'The hypertonic solution is comjeosed as 
follows : sodium e*hloriele, 120 gr. : potassium chloride, 6 gr. : calcium 
chloride*, 4 gr. ; st(‘rilized water, 1 pint. Tlie tluid in the containing 
bottle should be at a te*mpe‘rature of about 100° F. if the rectal tem- 
perature* is below 99° F. ; if the latter is above 1(K)° F., as there is 
risk from hyperpyrexia, the injeu'tion should be given at a temperature 
bt‘tween 80° and 90° F. This solution is introduced by means of a 
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special stopcock cannula and transfusion bulb at the rate of not more 
than 4 oz. a minute, the flow being slowed down to 1 oz. if distress or 
headache supervenes. From tliree to six pints should be given, if 
possible. On an average fifteen minutes should be taken to run in 
two pints of fluid. At the same time potassium p(‘rmanganate in 
solution or in pill by mouth up to 50 gr. a day is given as a means of 
destroying the toxins formed in the alimentary canal — 2 gr. every 
quarter of an hour for two hours, tluai every half-hour till the stools 
are coloured green. These pills are made up in sona^ inert material, 
such as kaolin and vaseline, without the addition of any oxidizabk^ 
substance. They are coated with salol, in th(‘ proportion of one part 
of the latter to five parts of sandarach varnish. 

With the intravenous saline llogers combined hy])odermic injections 
of atropine gr., morning and evening. The princi])les upon 

which the treatment is ])rovi(led are as follows : 

1. A blood -pressure below 70 lum. of mereiirv indieaU's a dangerous 
collapse, and a specifie gravity of the blood of 10()3 or over. In th(' acute 
stage of the disease tlie specifie gravity of the blood varies betwe(‘n lOfiO 
and 1072, the normal figure for a European adult being 1058 and for an 
Eastern native 1056. 

2. A specific gravity of 1063 indicates a loss of half the fluid from the 
blood and, for correction, an injection of 3 6 pints. 

3. The subsequent fall of blood -pressure to 70 mm. f^ir under, or rise in the 
specihc gravity to 1063, indicates rejieated injections morning and evening. 

The specific gravity of the blood is estimated by employing a series of 
small bottles of acpieous glycerin with specific gravities increasing by 2 ‘ }K‘r 
bottle from 1048 to 1070. The sjiecific gravity may be controlled by em- 
ploying a urinorneter. Blood from the jiatient is drojiped on to tlie surface 
of the fluid in the bottles ly^ means of a capillary pif)ette. A drop of blcKxl 
which remains stationary in the centre of the glycerin solution of a given 
strength indicates its speeihc gravity. 

Previous to the introduction of Rogers's method, (k)x of Shanghai had 
encouraging results from continuous, prolonged, slow intravenous injections 
of isotonic saline fluid given by a special apparatus placed 2J ft. above the 
level of the patient’s arm. The flow is kept uj) for s(‘veral hours, at a rate 
of 2 oz. per minute, as long as there is danger from collaj)se. 3’he saline* 
injections may be combined with 5-jxT-cent. glucose, which may act bene- 
ficially in cases of urinary suppression. J)e Raymond has harf good results 
with a modification of this method (amibined with the inje‘ction of 5 c.c. of 
gonacrine daily. 

In the stage of collapse, suppression of urine often occurs, and 
every effort must be maintained to re-establish the blood-pressure. 
Pituitary extract, or pitressin is often useful during the stage of reaction, 
given in doses of J to 1 c.c., injected hypodermically, two to four times 
a day ; adrenalin may also be given, but its action is more transitory. 
Caffeine citrate 5 gr. is useful as a cardiac tonic and as a diuretic ; it 
may be given three or four times during the twenty-four hours. 
Tincture of strophanthus, 5 min., given three times a day may be ern- 
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ployed as an adjuvant. In cases of complete suppression, dry-cupping 
ov(‘r the lumbar region morning and evening by means of Fenwick’s 
cu])s is us(*ful to r(?-start tla^ flow of urine, and may be supplemented 
by hot dry fom(*ntal ions. Ifectal injections of byperalkaline saline — 
150 gr. of sodium ))icar})onate to the pint of isotonic saline — should bo 
adininisterf'd slowly ev(‘ry 2 4 hours in cases wliere collapse has been 
overcome, but sup|')ression of urine persists. Sellards has had success 
in combating anuria by intravenous injections of ‘2-per-cent, sodium 
bicarbonate, and when there is marked acidosis this treatment is 
indicat (al. The ol)jectif>n to using sodium bicarbonate is that this salt 
has a lytic action on th(‘ red cells 0/ vitro, but whtm given in 4-5-})er-cent. 
concentration it has no haanolysing (‘ITect tipon them. In sterilization 
the bicarbonate* tends to be* conve*rte*el into the carbonate*, but Sellards 
found that by ste*rilization in an autoclave* ceennected with live steam 
at 7-lb. ])n‘ssure*, this proce*ss was minimized. 

J)uring the stage* of reae*tion, slie)ulei purging persist, large doses 
of salicylate e)f bismuth with a little opium may pre)ve of service. If 
the* secretion of urine* is not ejuickly reste)red, large hot poultices o\ er 
the* loins, elry-e*u[)ping e)f the same* regiem, and the judie*ious use of 
blanel eiilui'iits should be reseerteel tee. Injections of eiigitalin, ^ gr., 
may lee* gi^ en to stimulate* the* e*ardiae* action. Subcutanee)us injection 
of 4- () mgm. of adre*nalin is alsee re*conimended. Jie*tentie)n of urine 
must be* iiKjuiroel about, and the region of the bladder frequently 
(*xamine*el, anel, if nee*e‘ssarv, tlie* e*atheter employed. In the event of 
consti{)ation, jeurgatives must be t*schewed and simple* enemata 
alone* used. 

Jn cholera ceaivalescents the diet for a time must be of the simplest 
and most (lige*stible‘ nature* eiilutt'd milk, learley- water or rice-water, 
tliin broths, nu'at juice, and so fe)rth--the return to orelinarv food 
b(*ing e‘tTe*e*ti*d ^^itll the* gr(*at(*st circumspe*ction. 

('hole-ra ty])hoid must be treated mucli as e)rdinary enteric fever. 

Bacteriophage in the treatment of r//o/rru. -Much has be*en written in recent 
years of the tr(*atnH*nt of cliohmi by the s])eeitic eholeraphage introeiuced 
by crHerelle. Ju(lge*(l by the published returns tlie results have not b(*en 
very eonvin(*ing. Asheshov, Khan, and Lahiri have bec*n giving the bacterio- 
phage tog(*ther with intravenous hypertonic solution in the same method as 
already described. Sterilization, however, is done under pressure in tlie 
autoclave (30 minutes at 120 (-.) and not by boiling. Three pints of hyper- 
tonic saline are giv(*n intravenously, together with an additional pint of 
alkaline salt solution (150 gr. sodi. bicarb, to a pint of normal saline). To- 
gether with this the cholera bacteriophage is given undiluted by the mouth 
in one drachm dosc^s every 30 minutes, or 5 e.c. intravenously for more rapid 
action. 

AntichoJera 6'en/w.~ Ghosh and others have tried the effects of injection 
of a new anticholera serum of an increased potency. This has been produced 
by a modification of toxin jiroduetion with the object of obtaining a maximum 
quantity of both endo- and exotoxin. The serum is best injected intra- 
jieritoneally in doses of 70-80 e.c. The results are stated to be encouraging, 
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and it was found that in cases with a blood specific gravity of 1064 or more, 
the mortality was reduced by more than 50 per cent. No cases of uraemia 
occurred in the scries. The intravenous injection of the serum is by no 
means so favourable as tlie intra peritoneal. 


Mortality -rate. — Tomb lias given a statistie.al table of the 
niortalitv rates in a series of 2,82G eases during a ]>eriod of six years, 
1922-1928. 


Methods of Treatment 
Untreated (112 eases) 
Essential-oil mixtures 
Saline injections 
Cholera mixtures . 


Death-rate 
91 0 per cent. 
26-5 
47- 1 
52'9 


Prophylaxis. Quarantine prereu/ion. Theoretically, quarantine 
sliould be an efficient protection against the introduction of cholera 
into a commuiuty ; practically, it has proved a failure. Unless they 
are stringent and thoroughly carried out, quarantine n^gulations 
can be of little use. Even if tlie utmost care, intelligi'nce, and boiu'st y 
succeed in excluding individuals actually suffering from clioh'ra, or 
likely witliin a reasonable time to sutler from cliolera, there is y(‘t no 
guarantee that the germ of the disease ma}' not be introduced. Con- 
valescent patients may pass vibrios in their stools for as Jong as forty- 
four days. It was estimated that in the Naples ej)i(hunic of 1911, 
90 per cent, of the cases were due to direct contact with patients or 
with healthy carri(^rs ; while in the (’olombo outl)r(‘ak in 1926, of 
442 contacts examined, 10 per (aait. w(*re found to la* carriers of 
V. rholercp. For tlie n^cognition of tla* carrier stat(‘ it is m*cessarv, 
following the techni(pi(* given at p. 485, to examiiu^ th(* stools of all 
contacts for the vibrio. A small dose of calomel to ck'ar out the 
contents of the small intestine greatly in(*rt‘ases the chance of r(‘co\ erlng 
the specific organism from stools. This is the only s('i(‘utitic method 
of conducting a reliable quarantine. 

The system to which Great Britain appartaitly ow(‘d her immunity 
during epidemics on the continent of Europe is a practicable and, in 
civilized conditions, an efficient oiim Un(h;r this system, only ships 
which were carrying or which had recently carric'd choiera ])atients 
were detained ; and even these merely till they could be thoroughly 
disinfected. Thus inconvenience and loss to travidlers and merchants 
were small, and the temptation to conceal cases of the diseas(^ or to 
evade regulations was proportionately minimizc^d. Any cholera cases 
were isolated in suitable hospitals, the rest of the crew and passengt'rs, 
although supervised for a time, being given frtie ])ratique. At the 
same time attention was not diverted from the saTiitatiori of towns, 
especially of seaports- the measure mainly n‘lied upon. Sus])icious 
cases occurring on shore were at once reportecl to the sanitary author- 
ities and promptly dealt with, fomites oeing destroyed or disinfected 
at as little cost and inconvenience to individuals as possible. Every 
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ondi^avour was inad(3 to prevent fapcal contamination of the public 
water supply. 

Of late years, in India, preventive measures have been conducted 
much on the same lines, attention bein*]^ j^iven to sanitation rather 
than to quarantine. During the f^reat relij^dous festivals the sanitary 
condition of the devotees is looked after as far as practicable, sj)ecial 
care hein^^ ^nvtai to provide tluan with good drinking and bathing water. 

Among the troops in India, on the a[)pearanc(* of cholera in their 
nOghhourhood, special ]>rotectiv(^ measures are ])romptly instituted, 
t‘lahorat(* tlirections having l)een drawn up for the guidanc(‘ of medical 
ollicers. 

Wells and water supplies during a cholera epidemic should lx* 
trc'ated with potassium permanganate till the water becomes pink ; 
an ap})ropriat(‘ stnaigth is GO gr. to the gallon of water. The water 
should he left till colourl(\ss for twenty-four hours, and all vt‘g(Tation 
and acpiatic fauna rtunoved. 

The application of bacteriophagic principles to sanitation. — 
Ac'cording to (Jrahaiii and Morison, (‘liolera phage is absent in tlie intestinal 
tract before the start of a cholera ejadeniic. Little or no ]diage is found in 
the first victims to be strick(‘n, and this factor is elaborated as the epidemic 
})rogresses, so that those j)atienLs who develop a raf)id exaltation of cholera- 
phage recover, so that this substance can Inf iisf‘d as a [)roph\'lactic measure in 
disinfecting wt'lls. For this jjurpose JtO c.c. of potent bacteriopiiage Mere 
a<lded to tMo Mells in th(‘ contaminated area. One case only subsecjiantly 
develop(‘d in thos(‘ mIjo drank this water. 

The esst'iitial-oils mixture (p. 4S9}, if admiiiisf (‘lanl hi dosi's of 
1 drachm in I oz. of water daily, ajipears to he a good preventive. 
Its jtrohahh* value is indicated by the fact that, under its inliuence, 
house infection (i.e. infection of other meml)ers of the liousehold) 
appears to he ol)\iated. 

Incubdiion prriod . — AH (jiiarantino and protective systems must 
take cognizance of the fact that, although cholera may declare itself 
within a few hours of exposure to infection, it may also do so at any 
time up to tiai days thereafter ; three to six days may be set down 
as the usual duration of the incubation period. 

lldjjkines inoru lai ion --Duriu^ the (ireat War many millions of 
antichokTaic inoculations were made. The initial dose is i c.c. of 
an emulsion of 4,000 millions, followed seven to ten days later by a 
sectmd inoculation of 1 c.c. containing 8,000 millions. Experience 
has shown that even largt'r doses can easily be tolerated. The local 
r(‘action is, geiuTally speaking, a very mild one. There may be oedema 
and a painful intiltration at the site of the injection, rarely followed 
by systemic disturbance. 

Sev( 3 ral strain.s of cholera vibrios are used. They are inoculated into Roux 
bottles containing “ pea-extract agar ” and grown for forty-eight hours. 
The growth is washed off with normal saline, and the emulsion counted, dark 
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ground illumination being employed. The emulsion is then heated to 55'' C. 
for one hour, after which 1 -per-cent, carbolic is add(‘d. Tlu‘ emulsion thus 
sterilized is finally diluted down so as to contain million vibrios yxT e.e. 

of saline and 0* 5-per-cent, carbolic. 

The inirniiniiy thus produced does not st'cni to Ik* a very persisf(‘iit 
one, lasting at the maxiniiiin for three or four months. 

Subsequent experience, j)articularly that obtained during the 
Balkan War of 1918, in Batavia in 1915 and 191(5, and in th(* (ireat 
War, has gone far to confirm the earlier im})ressions of tlje vahu* of 
H a f f k i n e ' s inoculation. 

in India from 1905-191(5 tlu* annual numlu-r of dt*aths attribut(*d 
to cliolera was nev(*r less than 800,000. Kpidi'uiics of ('holera are 
n*adily controlled by tlie use of vaccine when inoculalion is made 
compulsory; thus when this disease was introduced into Kon'a from 
China in 1926 tlie outbr(‘ak was promptly brought to a close by the 
inoculation of more than one million persons. 

IminuJiirjdiiov j)cr os. — On the j)ro])osition (‘iiunciated by liesredka, 
vaccination by tbe mouth is now Ix'ing ])ractised in llussia, when* 
the immunization of large nmnbers of ])i*o}>le is necessary. It is 
premature to say whether tliis method is more t'fiectivi* than that 
outlined above. Tlie vaccine is made from tlii('k susp(*nsions of the 
organisms kilK*d by h(*at, carbolic acid, or alcohol, and gi\t‘n in from 
8 to 5 dos('s ranging up to 100 c.c. every other day. Ivich dose consists 
of 10-100 milliards of vibrios, or 0*01- ()*1 grin, of the dried organisms. 
The full course of bili-vaccine, as it is calk'd, confc'rs tla* same degiKK* of 
immunity as ordinary vaccine, but the immunity }>rodu(‘ed by a. simple 
inoculation is probaBly as high as that given by a full coursi* of bili- 
vaccine. Vickers (19*28) has made comparison of the tw<» nu'thods : 

I. Cholera vaccine . — One dose to 1 7,1 60 individuals. IVnK'ntagc attacked 
0-34. Mortality of those attacked, 37-3. Cholera vaccine, two doses, 
8,485 individuals. Percentage attacked, 0*37. Mortality of those attacked, 
37*6. The nund)er of cases among the uiivatHiinatt'd was 4-5 tiuu's as large 
as among the vacc-inated ; th(‘ percentage uiortality 5 8 times as gr(‘at. 

II. Benredka^'i vaccine orally. FuW (;oiirsc of 3 doses (200,000 million 
orgamsms) given to 4,982 individuals. Percentage altaeked was l -3(). The 
mortality of those attacked 22-2 per cent. (.)f 11,004 untreati'd individuals 
2.02 per cent, were attacked, with a case-mortality of 41 *9. Tlu* number of 
cases occurring among the unprotected was 5-6 times tlu* j)roU*ct<*d and the 
percentage mortality was nearly double. Russell has madi* (‘omparativc 
tests of anti-cholera vaccine and the oral bili-vaccine. One ohji'ction to the 
latter in the height of a cholera epidemic is that it givi's risi* to an acute? 
diarrhoea. 

Personal prophylaxis . — During cholera ejadernics great care should be 
exercised to preserve the general health ; at the same time, anything like 
panic or apprehension must be sedulously discouraged. Fatigue*, chill, and 
excess — particularly dietetic or alcoholic — arc^ to be carefully avoided. 
Visits to cholera districts should be postponed if possible, seeing that the 
newcomer is especially liable to contract the disease. Unripe fruit, over-ripe 
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fruit, slioll-fish, food in a state of decomposition, and everything tending to 
upset the digestive organs and to cause intestinal catarrh, are dangerous. 
Melons, eiicunihers, and the like deserve the evil reyiutation they have 
ae(|uire(l. Purgatives - particularly saline purgatives — unless very s|)ecially 
indicated, should nev^er be taken at these times. All drinking-water, and all 
wati'r in which dishes and everything used in the jireparation and serving of 
food are washed, should be boikjd. Mere chlorination of the water with 
bleaching powdiT ((!a()(dj^), giving 1-3 parts of chlorin(‘ ])(?r million, or add(‘d 
to \uiter in the })ro])ortion of 2 grin, of the powder to (^very 110 gallons, is 
not (‘iitirely reliable, S(Klium bisulphate tablets (2 gnu, to I J pints of water), 
by liberating suljihuric acid, provide a most useful method of sterilizing 
water for ]>ersonal use, as for instance in a water-bottle. Filters — exce})t 
p(‘rha})s th(‘ PasU‘ur-('hamb(Tland filU'r — are not for the most jairt to be 
relied uj)on ; in many instances they are more likely to contaminate the 
water ])assed through them than to purify it. A good plan in a household 
or in public institutions is to provide for drinking purposes an abundant 
supj)ly of w(‘ak Uvi or kuuon decoction, the supply being n'lK^wed daily ; 
such a ])lan ensures that the wat4‘r used in the j)reparation of the drink has 
been boiled. All food should be prou*cted from tii(;s. Diarrluea occurring 
during cholera epidemics should be vigorously treated. 
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THE DYSENTERIES AND LIVER ABSCESS 

Thhke types of dysentery, correlated to tliree (juite distinct and, 
zoologically speakinjj^, Avidely separated parasilt's an‘ now delinitidy 
establislie(l. Tliongli of a totally dittenait adiolo'^^y tluw an‘ not 
mutually exclusive, for one typ(? may lx* superimposed u|)on and 
complicate another ; moreover, any or all of tlaun may com[)Iical(^ 
some general dis(‘ast‘, such as malaria or typhoid. The term “ dysentery ” 
is mert'ly a desii^mation embracing a symptom-complex, but not 
indicating some })articular disease^ of distinct jetiology. Jt is most 
important that a sane and critical view should b(‘ taloui on th(‘ all- 
important matttT of dit'ferential diagnosis of tht' dysenterii'S. Th(‘r(‘ 
are numy larg(‘ pathological conditions of the intestim* which may 
give rise <o a discharge of blood and mucus, but wliich are not con- 
nect(Kl witli any particidar })arasitic infection, and these will be dealt 
with in a section devoted to that subject. 

The {)rinci})al forms of dysent(‘ry and their respect i\e parasit(‘S 
are as follows : 

I. P>A('TEHfAL - 

The Bacii.lauy ovsenthioks : 

Bdcteriuni dijfscnierkv — Shiga, FlexntT and Sonne. 

Jl. PItOTOZOAL 

AM(KBiAsis~--Am(ebic dys(‘nt(‘ry, Liv<‘r absc(‘ss, (‘tc. 

K)itd))\(rbn fi isfoljftird. 

1 > A L A N r 1 1 ) 1 A L I) Y S K N T E U Y : 

Ikthniiidiuui roli. 

111. HEJ.MINTHIC— 

JhlUIAUZlAL DYSENTERY : 

hillidrzid nutmoni, B. hadnaiohia, (jr B. jd^'^uncd. 

V E R M I N O r S I) Y S E N T !•: R Y I 

(Bsopha(foslomnin ajnosfomiun , or sle])ha}i(>sfof)nim, 

1. BACILLARY OR EPIDEMIC DYSLX'rLRlBS 

Definition. — An acute epidemic disease^ due to invasion of the 
mucosa of the large intestine by a speciiic bacillus (B. djjsenfcrup. 
Shiga, Floxner, or Sonm^’s bacillus). I^yrexia, symptoms of toxic 
absorption, and the discharge of blood-staiuixi mucus in the stool 
usually occur. In severe cases coagula..iun necrosis of the mucosa 
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may lake j)lac*(‘ and quickly Itaid to deatli. In the milder forms the 
cliiiiciil symptoms may he thos4* of a sifupk^ diarrlicea. 

Geographical distribution, epidemics of ])acillary dysenti^ry 
are of fnHpj(*nt occurrenci*, both in the tropics and in temperate 
countries. At tlu* pn'sent day sucli epidemics an^ of ^^reater intensity 
and ir(‘({uency in tliose countries in whicli the insanitary liahits of 
the natixcs and more ])rimitive conditions of lih* kaid themselves to 
the s})read of diseas(\ In media-val times it would S('em that bacillary 
dys(-ntery (‘pideniics wert* much more wi(h*s])rt‘ad and virulent at a 
tinu‘ when tlie salutary conditions were more* akin to those found 
amon^' primitive tropical natives at the [»n*sent day. In Europe, 
bacillary dysentery is to-day mainly an instit ut ional dis(*ase, occurrin;^^ 
not infre(juent ly as outbreaks in lunatic asylums, prison camps, and 
military latrracks. In the (lallipnii camj)ai;jn this dis(‘as(* was res- 
ponsible lor the majority of the 1*20,000 medical casualties eva(*uated 
from tla* J^•ninsula witliin thre»* months. 

Epidemiology.- In the tropics and suldropics, ))acillary dysentery 
aj)pears to obser\ t* a delinite S(*asonaI incitleiice. It is certainly 
prevalent duriiiL; the rainy season and for a short period subsequ(*nt 
to this, luit is most prevalent in the autumn months, while minor 
( pidrniics may occur in the early sju'ini^ nj(»nths as well. During the 
hot dry Afiican sunmier tla* disease appears to bt* in abeyance. 

Its spre.id trom man to man tak(‘S place, - ither by (lirt*ct or by 
indirect contagion. 

ikicillary dysentery lias always b(*en a scourj^e of war. If we may 
trust the records of history it was an important factor in the ^Napoleonic 
wars, in the I’ranco-l*russiaii War of ISTI, and in the South African 
War of Ilt00-lh0*2. Eari^e I'pidemics of bacillary dys(*ntery occurred 
in all bellipi-n'iits diiriiiLt the (in*at W ar, and as a cause of invaliding 
was liardly s(‘condarv to tliat of any t)tlH'r {lisease. In the NIiddle 
East, India, Mesojiotaniia and lilast Africa the gen(*ral tt'iidency was 
to mistake, for rt'asons pointed out on j), 511, animbic for bacillary 
dysent(‘rv. 'bhat bacillary d^’sentery was tlu* jiredoniinating form in 
ev( rv ('])idcmic of war dysentt‘ry from the (hdlijioli cani[)aign onwards 
was pointed out i)y tlu* ]^]ditor and others in 1915. 

lUrevi (‘()}it(Uj\on by fa'(‘t‘s can occur, as a rule, only among primitive 
communities in which the ordinary sanitary observances are eitiier 
unknown or disrt‘garded. Its occurrence and spread in lunatic asylums 
and Indian bazaars art* attributable to personal liabits which lend 
th enist‘lves to the spr(*ad of infection. 

Indirect c())it<ujion. (u) Flies. - ddiere aj>pt‘ars to be littk* doubt 
lliat housellies {Mused doniesliea) act us carriers of (he infection. 
The seasonal incidence of bacillary dysentery corresponds in a remark- 
able mannt*r with the maximum prevalence of these pt‘sts. 

In 1910 tlu' Editor dinumstrated dysentery bacilli, in considt'rable 
numb<‘rs, in tlie intt‘stinal tract of housellies taken in an endemic 
area, and this work has since been confirmed by Taylor and others. 

32 
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The housefly is able to spread dysenteric infection in two ways — 
firstly, by its habit of regurgitation preparatory to feeding on food for 
human consumption ; and secondly, by its fiec('S. The lattiT is prol)- 
ably the more common, l^uxton has found that the intt'stinal canal 
of the majority of houseflies caught in Iraq contained human fa*c(‘s. 
One can therefore understand the importance of th(‘ ins(‘ct in the spread 
of this disease, as it is strongly attracted by dys(‘nt(Tic faeces. 

{h) Tba/cr acts as a medium of infection, es})ecially in thi^ lyfalay 
States (Kletcher and Jepps). It has been shown that the i)a(*illus 
can survive in drinking-water for over thre(‘ wec'ks, but not for so 
long a period if exposed to the sun or when ass(^ciated with numbers 
of putrefactive mi(*ro-organisms. 

(c) Several outl>nsiks of Flexner dysentery in soutli England 
and on the Continent ha\ e been ascribed to the contamination of milk, 
but the evidence has not always beiai very convincing. In the case 
of Sonne dysentery tin's method of conveyance has been (h^tinitely 
proved by Eowes (1938). 

(d) Food. — Sonne dysentery is very d(‘finitely a food inb'ction, and 
can be classified among tlu' grouj) of food-poisonings. One of tlie last 
authenticated outbreaks was dt'seribed in London in 1933, and was 
due to eating “ pease ])udding.” 

(c) Susceptibilifi/ of the L/d/r/r/au/. - -New arrivals in the tropics 
are specially lia])]e to contract this form of dyscntcrv, and small 
clnldreii are susceptibli*. J^dieiits whose resistance has la-tni under- 
mined by any other inti'rcurrent disease, such as malaria, ]>ellagra, 
and tuberculosis an' a})t to contract a terminal dysentery. 

(/) Carriers (see p. 509). 

^Etiology. — 7L difsenierkv. was discovered by Shiga iii 1898, and 
confirmed two years lat(*r by Kruse in (jermany. It is also known as 
the Shiga-Kruse bacillus. 

Sliiga’s bacillus is a rod-s}ia])cd Crani-iiegative organism, 1 to 3 fi in 
Icui/th by 0-4 in bnaulth ; it is non-mot ile, and often exhibits very active 
Brownian movement. \k*dd(‘r and Duval have demonstrated num' ioiis 
lateral flagella of great tenuity; no spore-formation occurs. On agar and 
gelatin it grows as a thin smooth film with regular margins, and on agar 
and MacConkey j)lates its colonies much resemble thos(^ of be typhoid 
bacillus; they are regularly round, light-blue in colour, and dev*-like. Jt 
produces no liquefac^tion of gelatin, and grows as a transpar(‘nt, almost 
invisible, layer on potato. AfU‘r a brief preliminary acid- production in 
milk, it gives rise to a gradually increasing alkalinity. Witli solutions of 
the various sugars [see Table on p. 499) it product's acidity in glucose, but 
is inert in this respect in the rest of tlie series ; it dot s nt)t nroduee indt)l in 
peptone water. It is agglutinated in high dilutions by tlie serunis of patients 
suffering from the disease. It occurs in considerable numbers in dysiuitt'ric 
lesions, and in th(' mucous stools of the correspontling p(;riod of the disease. 

Varieties of Shiga’s bacillus (resembling that organism in its sugar re- 
actions, hut formiug indol and not agglutinaf ug with 8higa-immune serum) 
have been described during recent years, but it is doubtful whether they 



BACILLARY DYSENTERY 


499 



To <iifTf*rpntiato BarJ. pjUeriiid\9 and othfr orijani.stns of the food-)»oisonirii» i^rnup from Bad. jxiralyphosum B. seroloeiral tests must he 

appli(*(|. 



500 DYSENTERIES AND LIVER ABSCESS 

are of actiological importance. They may possibly be secondary infections. 
Several species, that of Schmitz, of d’Herelle, the /?. ainhiguus of Andre wes, 
the para-Shiga +> or — > of Dudgeon, fall into this category. 

Cultures of Shiga’s l)acilhis are extremely toxic, to laboratory 
auimals, especially the rabbit. But in these animals they do not 
produce lesions characteristic of dysentery, though the lilt (‘red toxins, 
wluui injected intravenously, cause necrosis of the large intestine, on 
which they appear to exert son\e selective action. In two experinumis 
in man, one intentional, the other accidental, ingestion of })ure cultures 
was followed, within a sliort time, by well-marked symptoms of 
dysentery. 

Th(‘ causal relationshi]) of th(‘ bacillus to disease is practically 
established. 

Flex7}ers bacillus (the Klexuer group). In 1900 an organism morpho- 
logically similar to Siiiga's bacillus, but differing in th(‘ ])rodnction of acid 
from rnannitc as well as gliKO.sc, producing iialol from ]H‘[)totH‘ somewhat 
irregularly, and inagglutinable with Shiga-immmu* si'ruins, was isolat(‘d by 
Flexner from cases of dysentery in Manila. Sinct' that date a very larg(* 
number of organisms b(‘longing to this grou}» have been descrilu'd. Among the 
number may be (‘ited the bacillus of Strong and the Y bacillus of Hiss and 
Russell, both of which were tlioiight at first to difh'r in their iaoehenneal 
and serological reactions, but this is now known not to b(‘ the cas(‘. kiom 
tlie work of Andn'wes and Inman on a V(‘rv larg(‘ nuinlx*!' of strains of the 
Flexner — a inauuifc-fcruieutiug graup it can b(* d(‘tinilely stated that 
the organism does not adhere to on(‘ constant type, as dot's Shiga's bacillus, 
but differs grt'atly in tlu* toxicit\' of the various strains and in theii’ antigenic 
{properties. A basis for satisfactory sub-LU-ouping is tla* serological inetlaxl 
of Murray, Andrew(*s, and Inman. From their work it appeart'd tliat fivti 
definite strains of the bacillus can Ix' idt'iitified, known respecti vtdy as \’, 
W, X, V, Z, and for their recognition five specially ])repared hojnol(»gous 
serums are necessary. A |KKded {(reparation of tht'se five coni|)onents is 
now oljtainable for laboratory |Uir])os(‘S and may be (‘m|)loy(‘d for the recog- 
nition of the bacillus, but a more recent study (Boyd, J9.‘IS) of aritigtnic 
variation among mannite-fernienting d\senf(*rv bacilli finds the loss in culturt* 
of type-sperijic antigen, w hicli is not sluired by other ineinbers of the group, 
and is associated with an increase, j-cail or aj»{)arc‘nt, of non-s{)(‘citic group 
antigen. A diffcuc'ut ex|)lanation of the observations of Andrewes and 
Inman detaikal above is thus |)ut forward. It sex-ms {U’obable that availabh* 
cultures of the historical Hiss and Russcdl arc* (l(‘m*n(u-ate variants of an 
cpriginal W strain, and that an Indian strain, 10‘IA, is actually thi* fy {((‘-specific 
Flexnc'r-Y. This strain has been fcaind t(( be fairly ccunmon, both in the 
[TnitcxJ Kingdom and in othc'r {(arts of the world (VV. M. Sc((tt, cjU((t(‘d by 
B((yd). Tliis study <'m{)hasiz(‘s the great ini{(ortance of using ty})(‘'S{«‘cific 
suspensions in diagnostic agglutinaticui Rests. St((ck Fl(‘xn(*r-Y sti'ains may 
on these grcpunds be almost cu’ C{uite dev((id of ty {((‘-s{>ecific atitig(*n. 

Sonne's bacillus {Bacterium (hjscnterifv Sonnei), an organism ((f this grou{), 
but whicdi ferments lactoses slcpwly, is res}(((nsible f((r outbi'eaks of (‘iif (‘r<(colitis 
in Fgy{>t and elsew lic're (lYrry), and may {(roduee syni{(tonis of food {(oiseming 
resembling those of the Salnamclla grou{). Tl o im{(ortanc(^ ((f this infection 
has been recognized in England and in America during recent years as a 
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cause of dyseriUiry and diarrhfea of definite seasonal occurrence, especially 
in children. The colonies of this bacillus tend to assume a much more crenated 
outline than do those of th(* Fl(‘xner type, but an^ usually larger than those 
of vShiga or Flexner or MaefJonkey’s mediurti, (hiltures of Sonne’s bacillus 
an^ not agglutinat(‘d by standard Flexner or Shiga sera. When titraU^d 
against a s[)(‘cially prepared Sonne anti-serum, agglutination to full titre 
occurs. ()ft(*n, however, when freshly isolated it is inagglutinable, but will 
nuiiove tlie agglutinins from Sonne scu’um by absfjrption. On Ma(;(/onkey’s 
medium, Sonne colonies frequently show a small central point of acidity on 
a somewhat opa(iue background. Sonne’s bacillus is indol -negative and 
zylose-iK'gative. It ferments glucose and mannite in twenty -four hours, 
and lactose and saccharose afUT some days. Serological varieties and strains 
an' now reeognized. I’hough not so toxie as Shiga’s bacillus, Sonn('’s bacillus, 
when inj<‘cted into rabbits, may produci* siulden death. 

As a geiK'ral mb', dysentt'rv l)acilli can Ih* isolated only frotn the 
inti'stinal canal and tin* niest'iiteric glands. Tlie organisnis liave also 
rarely Ix'eii obtained from the hlood-streain, gall-i)ladd('r aiid joint- 
('ffusions. 

Ap})an‘ntly both the Shiga and F'lexner bacilli are encountered in 
sporadic cast's and in some (‘pidemics without a pn'j>ondt‘rance of 
any om* particular type ; but it may la* said that Shiga's bacillus is 
of more freijuent occurrt'iK'e in the tro]ucs than in tt*ni])(*rate zones, 
and is responsible for tin* most severe clinical forms of the diseast\, and 
('onsetpieiit ly for tin* most vindeiit (q)idt'mics. 

Pathology.- 1'he primary lesions of bacillary (lysentery (Shiga and 
Flexfier infections) are eontined to the solitary ft)llicles of the large* intestine, 
and H'sult in a sinuous snail-track ” ulceration (jf the folds of mucous meun- 
braiK*. In ve'iy acute cases the proc('ss consists of intc'nsi* hyperamiia of the* 
large intt'stine, which eventually culminat<*s in gangrt'ne of th(* mucosa of 
th(* entire colon, as well as of the last 2 II ft. of the ileum. Exceptionally 
the w hole of tlu* mucosa ot llu* small intestine may be involved. 

As a g(*n(*ral rule, the lesions characteristic of bacillarv dysentery are 
most pronounced in tlu* lower j)art of the intestinal canal, from the sigmoid 
Ilexure to th(‘ anal canal. In the stage of necrosis the large gut is contracted 
so as to rcst'inble a rigid tube, and the mucous membrane is converted into 
a rigid, resistant, oliv(*-green or blackish substance (Plate XllI, Fig. 3). Its 
colour is thought to be due to the staining of the necrotic tissue by bile- 
pigments. ( Iccasionally this necrosis may have a patchy distribution affecting 
especially the descending and pelvic portions. There are many signs of 
an acuP* toxa*mia. 

Wh(*n th(‘ necrotic patches have a more loc'al distribution, irregular 
ulcers, olten communicating with tme another by submucous sinuses, form 
and may involve tlu* entire wall ; such a bowel surface has a fenestrated 
app(‘arance. 

('hronir, nlcerotion of the large gut may occur in bacillarv dysentery. 
Th(^ smalk'st lesions are l(*nticular in shape and involve the mucous surface 
alone. The* more advanced lesions amount to ulceration of limited tracts 
of mucous membrane, rarely |>t‘n(*trating below' the muscularis mucosa'. 
Ante-mortem perforation of the gut may supervene, though it is extremely 
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rare. For the differentiation of these nieers from those of amcebic dysentery 
the reader is referred to the Table on p. 513. 

These ulcers must also be distinguished from those of tuberculous, enteric, 
or bilhaizial orison, and also of ulcerative colitis. In some chronic cases the 
mucous membrane ma}" be entirely destroyed, rciKhuin^ recovery im})ossif)le. 
'I'he ^ut then n'sembles a piece of chamois- h'ather with interlacinc fibrotic 
strands on the surface. 

Mucous retention cysts, due' to the formation of pseudo-adenomata from 
the bases of Lieberkiilin’s follicU's, may sometinu\s bc' found as a scMpiela 
of bacillary ulc*cu‘ation, and wei-e first (l(‘s<*rib(‘d by the lOditor. TIk'V may b(‘ 
recognizA'd as ic‘Uy-like elevations forcing \i)) tlu‘ mucous surface* and scattered 
throughout the length of the* large gut. Dysc'ntcry bacilli may be isolated 
from their contents, and they are ])robab!\- ]>resent in the laige ifitc‘stine of 
“ carriers ” of tJie discNasc* (Fletcher and d(‘pps). 

Format ion of (jranulation tissue . — Many cas(*s of c-hronic bacillary d\’S(‘ntcry 
acquired in the (deaf W’ar show(‘(l no ulc*c*ration, but onl\' a granular con- 
dition of the mucous membrane* of the large* gut. d'he* lesions are* distril)ute*d, 
as a rule, in an irTcgufar manner ; more usually (*onfincd to the loue'r portion 
t:)f the large int(‘stinc. ( Considerable infiltration of the* walls of the gut is 
associatc*d with this condition. As in ulce*rative colitis, stc'iiosis of the* large* 
intestine, either loe*alized or ge*ne‘ral, may take* j>lae-e as the re-sult of this elise'ase*. 
Mixed infection eefamei'bic and bacillary elyse*nte‘ry may be somet ime*s me*t w ith. 

Histopathology. — The submue*e>sa is the* se*at e)f nume*re>us li;emorrhage*H 
and e)f re)und-ce*ll infiltration (Fig. 57). 'the* fe^iination e)f euae rophage* 
e*el]s from the* e*apillary endotheliune e)f the^ ve*sse‘ls may also be* obse‘rve*el. 
Owing te) the'ir large* size, hyaline* apjK'arance*, anel \ae ue)iatcd prote)plasm, 
the'se* c*e*lls, eve*n in mie'ro.se*of)ie* se‘e-tiofis, are* liable to lx* mistake*!! for 
Eutamaba hist oliitirn (Plate* ?vl\’). 

The* ])athole)gie*al a])pe‘arane*e*s of Se)nne* dysent4*ry are- not so we*ll known 
as are the)se of Shiga and Flexner infee*tioi!s. From a study e)f available 
mate;rial, it e-an be* stated tliat the cliange*s are* si/uilar, but ne)t by aTiy means 
so severe (Plate XI 11, Fig. 2). 

Symptoms. — Afte*! a slie)rt jnctd>at ieeii pe'rioel, usually of from 
one to seve'ti days, as asce'rtaine*d by experime*nt , flu' dise*ast‘ bt‘gins 
in a variety of ways, suddeaily or insidiously, in all d(*gn‘e‘S of severity, 
varying froiii a mild diarrlurti to an acute fulminating choleraic attack. 

The main clinical symj)te)ms are the)se of iidlammation of the 
large intestine, viz., griping, tenesmus, the frequent passage of loose, 
scanty, muco-sanguineous stools, oft 1*11 with dysuria. 

The onset may he attended witli higli or moderate fever, or there 
may be no material rise of temperature. The sym})t()ms may l)e 
grafted on to some general disease such as scurvy or Tualaria, or on 
to some chronic disease of the alimentary canal, as sprue ; tiny may 
assume acute characti'rs, or from the outset they may be subdued in 
degree. As a general rubs tlu^ ntairer to the n*ctum the; h*sions the 
more urgent the tenesmus ; the nearer to the cmcuin the more urgent 
the griping. The general constitutional sym])toms due to the ab- 
sorption of toxins may be v(?ry marked. Vomiting may occur from 
the outset or be absent altogether. 

Palpation of the abdouien can be effected only with difficulty during 
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ilu^ (*arly stag(‘s, owiiij' to tho ])r()tective rigidii}^ of the recti muscles. 
Lati'r, especially in toxic arid fatal cases, tho abdomen may become 
(}uit(* lax and tie* spastic* and contract(*d sigmoid colon can (‘asily be* 
distinguished, Jis an (dastic cord, und(‘r the (‘xamining hand. The 



Idji!:. 57. Microscopical section of larj;e intestine in bacillary dysentery, showing 
necrosis of mucosa, cellular infiltration, and haemorrhages into submucosa. 

imjilicafion of otlier portions of tho large intestine can seldom be 
satisfactorily detected by a pliysical examination. 

CJiarader of the. stooh.— At first hccal and diarrhanc, the evacua- 
tions may vary enormously in number and character in the different 
types. Their number may^ be uncountabU', the unfortunate victim 
being “ glued to the commode.” When they acejuire detinite 
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characters, they consist of extremely viscid blood-stained mucus, 
which has been compared to “ red-currant jelly ” or “ frog’s spawn,” 
and are generally odourless. The characters by wdiic'h the exudation 
may he distinguished from the anurbic stool are given on p. 514. A 
few^ teaspoonfuls only may be passed at a time ; subs(‘quently ih(^ stools 
contain less blood and assume a more purulent character. Finally, 
the biliary })igments make their appearance, and the faecal character 
of the stool may reappear. 

hi the most acute and fulminating forms the mucus may contain 
a large proportion of dark blood and resemble ” meat wasliings.” 
When necrosis of the mucosa has become finally established the stools 
may be exceedingly offensive, grey in colour, and contain much altered 
blood but no mucus. 

On clinical grounds, bacillary dysenlery may be classilied under 
various headings, as follows : 

1. Mild or catarrhal forms. — A common history is that for some 
days the patient had suffered from wdiat w'as sup])os(‘d to be an atta(dv 
of diarrhoea. The stools, at first bilious and w^atery, y)('rhaps to tlie 
number of four or five in the twenty-four hours, had latterly and by 
degrees become less copious and more frequent, less fiecuhait and 
more mucoid, their passage being attended by a certain amount of 
straining and griping. 

At the same time the tongue may remain clean, and there may 
be no accompanying pyrexia. The wdiule attack may be over in a 
week, and the stools may not number more than twelve in tlie twaaity- 
four hours. The majority of these mild cases are due to FhexiiC'r’s 
or Sonne’s bacillus. 

2. Acute bacillary dysentery.— In anoth(a type of case the onscd, is 
much more al)ru})t. Within a few^ hours of its commencement the 
disease may be in full swung. Th(‘ stools, at first hcculent, soon consist 
of little save blood-stained mucus. Very sliortly the (h^sin^ to slool 
becomes increased, the griping and tenesmus being acconq)anied, 
perhaps, by most distressing dysuria. Fever, which at the oufsc't 
may have been smart and preceded by rigor, subsides, d’he face is 
anxious and pinched, the cheeks are high-coloured from a toxic (lush. 
Slight delirium and mental confusion may be added to Tie clinical 
picture. Thirst may be considerable, anorexia complete, and the 
tongue white or yellow-coated. In a week or more th(‘ urgency 
of the synqitoms may diminish, and the attack taptu’S off into a 
subacute or chronic condition, or it may end as abrujitly as it began 
(Chart 21). 

3. Fulminating bacillary dysentery. Tho attack generally begins 
suddenly, it may be in the middle of the niglit, with chills or smart 
rigor, vomiting, iK^idache, and a rapid rise of temperature to 100° 
or even 104° F. Very shortly after th(i rigor, purging begins, the 
stools rapidly assuming dysenteric characters. In from two to three 
days up to a w^eek or longer, collapse sets in with a subnormal tem- 
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peratnre, and the patient dies. So virulcmt may be the toxaemia 
that death may take place before dysenteric stools are emitted. The 
tongue is tliickly coated, and all the other symptoms of an acute 
toxuprnia are present. The abdomen is sunken and acutely tender. 
The stools rapidly assume a liquid, f)ffensive character, and are of a 
greenish or greyish hue. 'J’owards the end neither blood nor mucus 
may be visible in tlie stools, whilst in number they may be uncountable. 

A choleraic form, in niany respects resembling cholera, has been 
noted ; these ciiS(‘S ar(‘ by no na^ans frequent. The onset is acute, 
with vomiting. Collaj)se wuth its atbaidant phenomena sets in early, 
and the stools may consist of a Avatery substance alternating wuth 
liquid blood-staiiu'd mucus or, it may ]h\ almost pure serum. The 
temperature is subnormal, and d(‘ath takes places within three days. 

4. ]iclaj)sin(i hacillarij dyscutcrij.- Iti a proportion of bacillary 
dysenteries, altlanigh the urgency (d‘ tla^ initial attack may subside, 
symptoms do not completely disa})])(‘ar. The stools may recover 



th(‘ir faa'uleiit charaettT, or may even show^ some signs of formation, 
yet they continue to be passed too fn^quently, are often preceded 
by griping, and (aaitaiii a variable amount of muco-pus with or without 
blood. ]3acillary cases of this type may bo due to a fresh infection, 
(U* to a lighting up or recrudescence of an old focus. 

5. Chronic bacillary dysentery . — In quite a large proportion of 
cases of acute dysentery the fieces do not become absolutely normal 
for a considerable time after the abatement of the more urgent 
symptoms. On th(^ slightivst indiscretion, either of food or of drink, 
tlio old symj)toms n^appe^ar. In such cases sudden attacks of diarrhoea 
are common. For months, or even years, some patients never pass 
a perfectly healthy stool, the uniform motion ahvays containing slime 
or muco-{)us and at times blood. Often there is a tendency to 
scybalous stools, or to constipation alternating with diarrhoea. The 
clinical appearance of these cases is almost characteristic, and this 
state was formerly known in India as the Morbus benyalensis. 
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Since the end of the Great War a form of chronic bacillary dysentery 
has been recognized which differs materially from any previously 
described. As a general rule, the initial attack may have been so 
mild that it has passed imnoticed, but recurrence of symptoms take 
place, with passage of blood and mucus, becoming more frequent and 
severe year by year. Eventually the stool consists of little else than 
large quantities of blood-stained mucus and necrotic epithelium. 
The course of these cases is invariably })rogressive, and, unless vigor- 
ously treated, they terminate fatall}^ Emaciation may be extreme, 
especially in native races ; an adult man may weigh k'ss than 49 lb. 
(Fletcher and Jepps). Considerable amemia may develop, with 
cardiac failure and dropsy. Death may ensue from exhaustion, or 
from some intercurrent disease, such as phthisis or malaria. 

Bacillary dyscyitery in children . — Lifection with the dyscaitery 
bacilli in small children, especially European children, may produce 
the most acute and rapidly fatal symptoms. The child may die in 
convulsions before the intestinal symptoms liave had time to develoj). 
The cases may resemble mcningismus, and often at the onset, on 
account of the pyrexia and toxic appearance of the patients, infections 
with the enteric group. 

Post-dysenteric ascites . — Megaw is of the opinion that the ascites 
which is so common in most hospitals in India is a S(‘quel to bacillary 
dysentery. When bacillary dysentery is not treated, or is inij)roperly 
handled, the dysenteric toxins pass through the intestinal wall and 
set up an irritative peritonitis which is followed by fibrosis of the 
peritoneum. The result is an accumulation of ascitic fluid which is 
said not to be associated with cirrhosis of the liver ; but the Editor 
has observed severe interlobular cirrhosis due to absorj)tion from chronic 
ulceration of the large intestine. 

Symptoms of Sonne dysentery. — In most cases mild attacks 
of dysenteriform diarrhoea are the rule. It is generally stat(‘d that tlu* 
faeces are greenish in colour, with blood-flecked mucus from which thc^ 
organism may be obtained. In the more acute form, the symptoms 
more closely resemble those of Flexner dysentery, with sudden onset 
of colic, diarrhoea, and, later, blood and mucus in tht^ fa?ces. Some- 
times, however, they are more acute still, with pyrexia aiK^ vomiting, 
and they may assume an alarming aspect reminiscent of s ilmomdla 
infections. In this form, “ tomato soup ” stools are passi'd, followed 
by rapid prostration. In Sonne infections, there is a t(;ndency to 
pyrexia associated with the abrupt onset, but in the milder cases the 
fever is slight and transient and the whole clinical picture more resembles 
food poisoning. A remarkable feature is the association of catarrh of 
the respiratory tract with diarrhena, and the catarrh may antecede thcj 
development of al)dominal symptoms. Very acute Sonne infections in 
children up to nine years of age may be the cause of sudd(‘n death. 
Some observers btdieve that in this instancf the symptoms are produced, 
not so much by the actual organisms, as by their toxins in contaminated 
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food, which forms a medium for their propagation. It appears that 
Sonne infections are specially liable to attack the insane in mental 
institutions. 

Predisposing causes. — Bacillary dysentery is especially apt 
to attack those who are in an enfeebled state of health owing to 
stan^ation, unsuitable dietary, pliysical exhaustion, or exposure, 
or whose health has becm undermined and resistance lowered by some 
chronic, disease such as malaria, tuberculosis, scurvy, or enteric. In 
the feeble-minded, in very young children, in the aged, and in pregnant 
women, bacillary dysentery is apt to assume a serious and toxic form. 
Young children may show pronounced symptoms of toxaunia, and die 
in convulsions or in coma. 

Complications. — Dysenteric arthriiis, or dysenteric rlieumatisni, as 
it has be(m called, has long been known to Indian practitioners. An 
(ifi’usion into the cavity and ligaments surrounding the joints, especially 
(h(‘ knee and ankle, may come on during the acute stage of the disease, 
or, as is more generally the case, during convalescence when the stools 
are more or less heculent (Fig. 58). It is common in some epidemics, in 
otlu'rs it is absent. It is most frequent in Shiga infections. A 
considerabh* jjyncxia accompanies the Joint-etTusions. The condition 
may last a considerable time, but usually clears up without leaving 
any ])ermanent deformity, though, exceptionally, permanent disability 
jnay n‘sult. According to (i. (jraham, complete recovery may 
evauitually ensms (‘ven after it has persisted for six months. The fluid 
from the joints is sterile,^ and will agglutinate the dysentery bacillus 
('Klein) in a litre considerably higher than that given by the blood-serum 
from th(3 same case. This condition has to be distinguished from 
fugitivi^ serum-arthritis, such as often occurs after the injection of 
anti-dysenteric serum, and also from acute rheumatoid arthritis. 

Eye ronipHcations, etc . — Both acute conjunctivitis and iridocyclitis 
arc now ri'garded as symptomatic of dysenteric toxaemia. The former 
is frequently noted as a complication in association with arthritis, 
whilst iritis occurs only in a small percentage of cases. The pupils are 
irregular in outliiui with ring synechue. There is also anterior uveitis, 
with adhesions to the capsule of tlie lens formed by a thin membranous 
film of exudate occupying the pupillary space, causing photophobia, 
ble])haros})asm, and marked circumcorneal hyperaemia. The aqueous 
humour has been found to agglutinate Shiga’s bacillus, but the tears 
do not contain the specific agglutinins. Parotitis, either unilateral or 
bilatt'ral, has been observed, and is possibly due to septic absorption 
from the mouth. Intussusception of the large, or of the small, intestine 
has been found in childnui, and is in them a common terminal event 
in acutc^ cases. 

That the eye and joint complications referred to are due to an 
endotoxin is indicated by experimental work on animals. This shows 
that the filtrates of Shiga cultures, when injected intravenously, lead 

‘Shiga’s bacillus has been isolated from the fluid in one instance (Elworthy). 
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to the production of iritis and arthritis, as well as of local lesions in 
the csecuin. 

Sequelae. — Stenosis of the large intestine may he the result of an 
acute attack ; pain and abdominal discomfort indicate abdominal 
adhesions which are an occasional sequel. Per contra, the Editor 
has seen two cases of idiopathic dilatation of the colon which ensued 



Fig. 58.— Arthritis of hands and knees in bacillary dysentery. 

{Photn : Dr. a. Hall.) 


as a legacy of the infection. A mucous colitis fr(*(|ueutly ])ersists 
for years. Peri/phcral neuritis may follow ha(*illary dystaitery. The 
legs are usually affected with the familiar signs of a neuritis. Post- 
dysenteric tadiycardia, probably owang to a toxic myocarditis, a con- 
dition of irritable heart, persists long after dyscaiteric, symptoms have 
disappeared. Achlorhydria, either complete or a low hydrochloric-acid 
curve, has b(3en found to be the result of bacillary dysentery, and this 
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factor hiis })eon held to bo resporinible for many of the digestive troubles 
which follow in its train. 

Bacillus coli infections . — That bacillus coli infections of the urinary 
tract fr(H|U(aitly follow in the train of chronic bacillary dysentery 
was pointed out by tlie Editor and Enright (see p. 345) and this may 
to some extent account for the frequency of this infection in most 
tropical countries. 

Bacillary-dysentery carriers.— The “carrier question” in bacillary 
dyst‘nt(‘ry is hardly comparable with that in otluT infections, such as 
typhoid. Ibicillary dysentery has a short incubation period and is 
esscaitially a locali/t'd disease. The bacilli rtanained confined to the 
intestines and to the mesenteric glands. Typhoid on the other hand is 
primarily a S(q)tica‘mia with secondary localization in the intestines. 

There are many circumstances which render the “ carrier state ” 
in bacillary (lys(‘ntery dillicult of detection. Dysentery bacilli, as a 
rule, are S(*arc(! and liable to escape detection in a fjncal stool. We 
ar(i still without very accurate statistics upon the frequency of the 
carrier state, but it appears probaEk' that carriers are responsible for 
the starting of an ej)idemi(\ Tin* majority of recognized carriers in 
bacillary dysentery are “ conralcsccnt carriers^' a term which implies 
that th(‘ \ ictims have iiH'ompletely recovered from the disease and are 
still ])assing blood and mucus containing dysentery bac'illi in the stools, 
^riie liealthy carrier in bacillary dysentery is rare. There is no evidence 
that the gall-bladdei' a(‘ts as a reservoir of infection, as in ty])hoid ; 
and in fact the “ carrier state ” does not persist for any great length 
of timee Tlu* oiganisms })('rsist in retiaition cysts in the intestinal 
mucosa, in colle(‘tions of pus from beneath the scars of ulciu’s and in 
coll('(*tions Ixau'atli tlit' edges of chronic ulcers. The caTri(‘r state 
usually lasts four to six months from the onset, and at the end of a year 
most have ceased to bi' infected. Tlu^ maxitmini period the carrier 
state can last is thre(‘ y(xirs. A carrier state supervenes in about 
8 per cent., of recovered raises of bacillary dysentery. 

(kirriiTS of Ekexner bacilli are much more frequent than those of 
the Shiga bacillus, (baierally tlu^ average FlexiKT carrier is in good 
health, while the Sliiga carrier is an invalid. 

There is a condition in which bacillary inllammation or ulceration 
is localizcal in the lower portion of the rectum ; patiiaits often in- 
voluntarily ])ass viscid blood and mucus, though otherwise in good 
health, and the bacillus may be isolated, by means of swaibs from the 
rectum, after a la])se of thrive years from the initial attack. Probably 
the foruics frustes, or tlie slight and clinically almost unrecognizable 
forms, play an important role in its spnxid. 

Simple microscopic examination of the faeces affords little assistance in 
these (^ases. TJie chances of isolating the specific bacillus are considerably 
increased by making cultures direct from the mucosa by rectal swabs, or 
from scrapings of ulcers obtained through the sigmoidoscope. An apparatus, 
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known as Ziemann’s tube, is used for this purpose. It is a glass tube 28 cm. 
in length by 2 cm. in diameter, and situated 3 cm. above the lower end, which 
is closed as in a test tube, is a circular opening 1-5 cm. in diameter. When 
it is desired to obtain a sample of intestinal contents, the rounded end is 
introduced into the rectum and pushed gently upwards with a rotatory 
movement, with the result that some of the faeces pass into the lumen through 
the lateral aperture. 

Dysentery bacteriophage. — D’Herelle originally made tlie observation 
that a filtrate of a convalescent dysentery stool developed the j)r()p(irtv of 
clearing a broth culture of Shiga’s bacillus, but when a culture which had 
been dissolved in this manner was filtered, and a few drops were added to a 
fresh culture, the bacilli were again dissolved and that this process could 
be repeated indefinitely. Shiga’s bacillus is the organism which was first 
recognized as susceptible to bacteriophagy. The bacterio])}iage it sc* If consists 
of ultra-microscopic particles having dimensions of 20 30 (millimicron). 
It is apparently true that there are many races of hactcriophagc which arc* 
virulent for Shiga’s bacillus, but the bacteriophage obtained from the Flexnc*r 
bacilli is apparently virulent solely for members of that grouy). Bacterio- 
phage has been isolated from the stools of pati(*nts convalescent from bacillary 
dysentery, and from the stools of mild cuivses. It appears jcrobable that 
improvement in the clinical condition of tlie ])atic*nt coincides with the 
increased virult'iica* of the bacteric)])hage in the stools whic h then dominatc*s 
the dysentery bacilli. On thc*se data a dysentery l)ac!t<*riophage has bc*c‘n 
prepared for therapeutic use. 

Diagnosis. — DiOiculty in the diagnosis of bacillary dysentery on 
clinical grounds is mainly confined to the milder forms. Whcuiever 
possible a laboratory diagnosis should be madc\ 

The possibility of malaria occ*.urring in tbci c*ourse of bacillary 
dysentery should always be Ijoriie in mind. Dyseiitc'ry very often 
awakens a quiescent malaria fever, usually of the bc*nign tc'rtian form. 
The concurrence of a suldertian inlection with bac*illarv dys(‘ntc‘rv is 
a particularly scjrious combinaticai. 

Generally, a tentative diagnosis may be made from a micr()sc*o])ic' 
examination of the cellular rxudalc in the* stools — that is, if the dis- 
tinctive cellular picture is obtained — a method now known as cyto- 
diagnosis. For this purpose the specimen should be y)rocured fresh, 
from the patient and as early as is possible in the disease. The 
characteristic feature of the bacillary stool, as sc*(*n under the micro- 
scope (Plate XIV), is the preponderance of swollen jHjh/morphoiiuclear 
leucocytes, with distinctive ring-like nuclei ; they constitute over 90 
per cent, of the total cell elements in the stool. The examination 
should be conducted with a J-in. lens and a low ocular ( X 2). 

Macrophage cells . — These cells, sometimes 20-30 p in diameter 
are apparently derived from a proliferation of the endothelium of 
the capillary vessels of the gut. In shape they may be round, oval, 
or even bilobed. They are hyaline in appearance-, and contain in tlieir 
substance vacuoles and fatty granules, ir gested red })lood-corpuscles, 
or even occasionally leucocytes. They are non-motile, but, owing to 
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their phagocytic activities, are apt to be mistaken for Entamceha 
histolytica— an error often made by the inexperienced. 

The differential-cell picture in dysenteric exudates is termed by 
Alexeieff a “ pyogram.” In ammbic dysentery the cellular elements 
are few and mononucleated ; in bacillary dysentery, numerous and 
polymorphonuclear. The nuclei of the polymorphonuclears are 
pseud opyknotic . 

It apjxjars to be more important than ever that the significance of macro- 
pliage cells in bacillary dysente^ry stools should be emphasized. This tendency 
to diagnose amoebic dysentery upon a shred of evidence is very pronounced 
in almost every tropical country. It is most important that the pathologist 
should acquaint himself with the appearance of inflammatory cells which 
ap])ear in the faeces, as well as with the different stages of the dysenter}^ 
ania’ba, before an expi^rt diagnosis can be given. The main features of the 
c vto-diagnosis of dysentery stools were pointed out by the Editor in 1912 
and this method was practised by him during the Great War, during which 
time it received ample confirmation. 

Findlay has obtained assistance in differential diagnosis by the iodine 
naiction of the polymorphonuclear leucocytes and the production of nuclear- 
ps(‘udopodia. The occ*urrence of a well-marked iodine reaction with nuclear- 
pst‘udoj)odia suggests a bacillary infections: their absence amoebiasis. 

Eiitdma’ba coU and the flagellate protozoa {Chilomastix and 
'Trichouiovas) may be prescmt in considerable numbers in a bacillary- 
dysentery exudate, especially during the convalescent stages. Difficulty 
may be experienced in differentiating E. coli from E. histolytica in a 
bacillary-dysentery stool, and may lead to the suspicion that one is 
dealing with a double infection of two diseases. 

Jsolalion of the dysentery bacillus . — With practice this becomes a com- 
paratively simple matter. The stool should be collecu>d in a bed-pan, which 
should contain no disinfectant, and the patient should be warned against passing 
urine at the same time ; a portion of freshly-passed blood and mucus should 
be picked out of the mass by means of a platinum loop, and, if soiled with 
faaes or urine, should be shaken up in 5 c.c. of distilled water or normal 
saline solution. The earlier in the course of the illness, the easier it is to 
isolate the dysentery bacillus. It is, as a general rule, difficult to do so 
after the dysentery has lasted five days. In sending specimens for laboratory 
examination through the post, or by messenger over long distances, the 
fa;ees should be emulsified with a double volume of 30-per-cent, glycerin in 
0-6-per-cent, saline solution (Teague and Clurman), or, better still, with an 
N 

e(jual volume of NaOH solution which, by rendering the medium alkaline, 
33 

conserves the vitality of the organisms for a longer period (Dudgeon). It 
must be remembered that the organism is very dehcate, and never occurs in 
great profusion even in a freshly -passed stool. The mucus, or two loopfuls 
of the suspension, should be spread, in a spiral manner, somewhat thickly 
upon a MacConkey agar plate ; some prefer Conradi-Drigalski, others plain 
litmus-lactose agar, for this purpose. A preUminary incubation of the 
specimen in broth is not to be recommended, as the dysentery bacillus is 
so easily overgrown by other organisms of the Bacillus coli group. 
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The plate, spread in this manner, should be incubated at 37° C. in an 
inverted position for eighteen hours, and the small blue transparent colonies 
then examined with a watchmaker’s lens. As a general rule, Shiga colonic^s 
are more retractile and of a more regular outline than are those of the 
Flexner-Y group. In order to make their recognition still easier, it is a good 
plan to hold a finger or a piec^c of dark pajK^r against the back of the j)late. 

Identification of the colonies may be carried out as follows : Four or 
more should be picked off with a platinum spud and transplanted on to agar 
slopes, and, after a suitable incubation period, these subcultures should be 
emulsified and tested in high dilutions against s])ecific Shiga and anti- 
Flexner-Y serums in agglutination tubes. Should the method of macroscopic 
agglutination be utilized, these serums will be found very S])ecific, so that 
either on a microscope slide or on the agglutinometer (p. 103()) agglutination 
rapidly occurs. 

As a measure of practical importance, a method of fireliminary agglutina- 
tion may be employed. Ten or more suitable colonies picked off the 
plate by a platinum spud or small loop, and emulsified in a very small fjuantity 
(0-25 c.c.) of normal saline ; a rather thick opalescent emulsion results. By 
means of a capillary pi})ette, drops of this emulsion are {)laced together 
with an equal quantity of the specific serums diluted to 1 : 50. The resulting 
dilution of the serums will then be 1 ; 100. The test may be |K‘rform(‘d 
either on a microscojie slide or on the agglutinometer. After osc'illation for 
three minutes, should the reaction be positive, snowflake agglutination 
occurs. 

After those preliminary measures the diagnosis may be confirmed b}^ 
inoculating subcultures of the organism into the sugars (Table, p. 400). 

Isolation of the dysentery bacillus post mortem . — The bacillus can be isolaUnl 
with easti from the acutedy inflamed mucosa by washing the canal frcM* from 
intestinal contents and scraping off the bloo(l and mucus with a platinum 
loop. From the mucosa wliich has undergone coagulation nc'crosis this is 
by no means easy. In this cast) the surface must be first seared with a hot 
knife or glass and incised ; the material for culture is then obtained with 
a platinum loop from the bottom of the incision. 

The bacillus may occasionally be recovered from the inflamed mesente' ic 
glands, but not usually from the bile, liver, spleen, or any solid organ. 

Serological diagnosis . — Tliis is of little value as an aid to diagnosis 
in the early stages of the disease, or in the very acute or rapidly fatal 
types in which it is so important to arrive at an accurat(,‘ opinion. 
The serums of some patients, proved to be suffering >0111 bacillary 
dysentery by isolation of the specific organisms from the stools, 
may give a negative agglutination reaction, and, further, certain 
normal serums have the power of agglutinating the bacilli in low^ 
dilutions. 

For the diagnosis of Shiga infection, say in ccmvalescent or chronic 
cases, an agglutination of over 1 : 25 should be obtained. In Flexner 
infection an agglutination of 1 : 100 is sufficient for a positive diagnosis. 
A. Davies found dysenteric agglutinins were present in dysenteric stools, 
even when absent from the serum of the patient, especially during 
the first week of the illness. The blood and mucus are shaken up with 
normal saline and filtered. 



Kig. 1. A\t<EUlC D^'SKN I . Typical patches ot inliltralitm and ulceration of 
ascendinj^ colon, sho\vint> '* Dyak-hair ” sloughs. Fiji. 2. BACILLARY DYSENTERY 
Sonne infection : Acute Sonne dysentery in a child, showing brifiht pink hypertemia of 
muscular coat. Fifi. 3. BACILLARY D'N SEN TER^ Shijia infection : Coa^^ulation 
necrosis of lower |>ortion (»f ileum, showinj> characteristic liree coloration of the 
destro>ed iiiuc«uis membrane. 
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MICROSCOPIC APPEARANCE OF CELI I EAR EXIDATE 
IN ACUTE BACIEEARV DYSENTl'RV infection . 


Fresh preparation. Shows macrophage cells wiili invested red blood- 
corpuscles, intestinal epithelium ami polymorplKuim. dear lemucvtes 
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Fij^. 3. Acute umtebic dysenterv. 

Note folding of lax mucous 
membrane, pin- [joint 
ulcers ami surroundin^i 
submucous hiemorrhajiies. 


Fi[^. 4. Chronic amcebic dysen- 
tery. Note diamond- 
shaf>ed ulcers ami sub 
mmous ha*morrha[ 4 es. 
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Serological diagnosis may he of considerable assistance in chronic 
bacillary dys(‘nlery wIkto high-fitn* agglutinations an sometimes 
obtained, es])ecially with pool(‘d (‘rnulsions of the V, W, X, Y, and Z 
>1 rains of il(*xner’s bacillus. The serological diagnosis of Sonne 
dysent(^ry by means of the agglutination test is also somewhat unreliable. 
It a|)])ears to (h‘pend, to sona* extent, on the strain of the organism 
employed as aidigtui. 

Si(pfioid(hscopic rxainmaiion.—^Tlw sigmoidoscope is especially 
useful in chronic cases, and should he employed wherever practicable. 
h\>r preparation of the paticuit, a cathartic of | oz. of castor oil is given ; 
the following morning the bow’el is cleared out by means of a warm- 
water enema. If the patient has acute diarrhcea, the omission of 
castor oil is advisable. In any case it should not be given later than 
2 p.m. on the day preceding the examination. It is advisable to 
give 10-15 min. of tincture of opium half an hour before the examination, 
in order to render the rectum less sensitive. The mucous membrane 
of th(‘ r(‘ctum is seen to be replaced by granulation tissue with sur- 
rounding hyperauiiia which has a characteristic appearance resembling 
the cortex of a granular kidney after the capsule has been stripj)ed ; at 
the same time infiltration and thickening of the bowel-wall can be 
made out (Plate XVI). Seldom are ulcerations seen in chronic cases. 
The passage of an instrument is attended by pain due to distension of 
tlu‘ bow(‘l wall, and this in itself is almost diagnostic, as amo‘bic 
uIc(‘ration of tin* bowel is almost entir(‘ly j)ainl(‘ss. 

An iutnidernuiJ test lias been iiitnuliieed by Brokinan ; 0 I c-C. of Shiga - 
dysentery toxin in a dilution of 3 : 100. A very considerable reaction is 
jiroduced at the end of twenty-four hours, when a diffuse red infiltration 
ap|)ears, afterwards turning blue ; sometimes an ulcer forms. This reaction 
bt*comes negative after the injection t>f antidysenU?ric serum. A primarily 
negative reaction iudicaU‘s the presence of sufficient antitoxin in the bcKi}- 
to neutralize the dysenteric toxins. 


IhAONOSrS BETWEEN BaCIIJ.AKV AND AaKEBIC DySENTERV 


BACILLARY OYSENTERl ES 

Acute diseases with a tendency U> 
epidemic spread. “ hying down 
dysentery.” 

Incubation period a short one, 7 days 
f)r less. 

Onset acut<L 

Pyrexia common. 

('ourse days or weeks. 

('amplications: Polyarthritis fre- 

quent ; eye complications. 


AMCEBIO DYSENTERY 

.■\ chronic endemic disease. “ Walk- 
ing dyaenter 3 v” 

Incubation jieriod a Jong one, at 
least 20-90 davs ; it mav be more. 

Onset insidious. 

IVrexia rare, unless complicated. 

Course usually prolonged for years. 

Complications : Hepatitis, abscess of 
liver, abscesses more rarely in 
other situations. Pericolic abscess. 
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Diagnosis between Baciixary and Amcebic Dysentery 
(Continued) 


BACILLARY DYSENTERY 

Death due to — 

(a) Exhaustion. 

(b) Toxaemia. 


Signs : General tenderness over whole 
abdomen, more marked over sig- 
moid flexure. 

Tenesmus very severe. 

Pathology : Acute diffuse necrosis of 
mucous membrane of large intes- 
tine, due to toxins of the dysentery 
bacillus. 

Ulcers : When present, on free edge 
of transverse folds of mucous 
membrane and distributed trans- 
versely to long axis of gut. 

Serpiginous in outline, with ragged 
undermined edges, often com- 
municating with neighbouring ul- 
cers ; bases consist of granulation 
tissue. 

Intervening mucous membrane hy- 
peraemic. Ulcers rarely perforate. 
No compensatory thickening of 
bowel- wall. 

Stools : Scanty ,* many in number. 
Bright blood-red, gelatinous, viscid 
mucus, odourless, resembling red- 
currant jelly. 

Reaction : Alkaline. 

Microscopic picture : Numerous red 
cells ; polymorphs numerous, with 
clear-cut ring nuclei. Macrojfliage 
cells may be numerous. Few visible 
micro-organisms (Plate XIV). 


Blood examination : No leucocytosis 
in the early stages. 


AMCEBIC DYSENTERY 

Death due to — 

(a) Exhaustion. 

(b) Perforation. 

(c) Haemorrhage. 

(d) Liver abscess. 

Signs : Local tenderness and thicken- 
ing, mostly over sigmoid flexure, 
transverse^ colon, and ca*cum. 

Tenesmus not usually noted. 

Pathology : Local Ic'sions confined 
solely to the large intestine, due to 
the characteristic ulcers. 

Ulcers : Commenc'c as small absc^esses 
of submucosa distributed in long 
axis of gut. “ Flask-shaj)ed ulcer,” 
or Hoy ton en chemiae, (“ sea 
anemone ” ulcers). 

Oval in shape, regular in outline ; 
flask-shape in section, involving all 
c'oats ; bases consist of necrotic 
black tenacious sloughs (“ Dyak- 
hair ” sloughs). 

Not uncommonly perforate ; com- 
pensatory thickening of bowel-wall. 
Intervening mucous membrane not 
affected. 

Stools : Faeces intermingled with 
blood and mucus, resembling 
anchovy sauce (sago-grain stool). 
Very offensive, smelling of de- 
composing blood ; generally copious. 

Reaction : Acid. 

Microscopic picture : l<(‘d cells nu- 
merous and in clumps, polymorphs 
much damaged, often (‘xtruded 
nuclei. Macropliage cells scarce. 
Large numbers of motile bacilli, 
Entamoeba histolytica^ generally 
with ingested red cells. Charcot- 
Leyden crystals common (Plate 
XV). 

Bloo>^ examination : Usually a mod- 
erate leucocytosis. 
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The wider subject of differential diagnosis of the various dysenteries 
will be dealt with on p. 566. 

Prognosis depends very much upon the susceptibility and physical 
condition of the person attacked. In the jails of India, in fact through- 
out that country, though bacillary dysentery is widespread, the case- 
mortality is very small indeed. Of the many thousands of cases 
among British troops in the Gn^at War, it is doubtful whether it at 
any period rose above 5 per cent. Epidemics in native races have 
been record(‘d where the mortality was over 28 per cent., and others 
among debilitated natives, as, for instance, Solomon Islanders, in 
which it was 47 ])er cent. Prognosis is bad in chronic cases, especially 
is this the case in poverty-stricken, malaria-infected, half-starved 
natives. 

Treatment. — The patient should be placed in bed on the appear- 
ance of the first signs, and should on no account be permitted to get 
up in order to pass his motions. A bed-pan should therefore be 
em])loyed wherever nursing facilities are available. In the choleraic 
or fulminating cases in which the passage of stools is incessant, and 
the physical exhaustion consequently very great, it may be advisable 
to disptaise with a bed-pan altogetlier. The patient should then be 
plact‘d upon a waterproof shetd, and the buttocks well padded with 
tow, which, when soiled, can be collected and burned. For this 
pur{)os(‘ the attendant, for self-protection, should wear rubber gloves, 
as tlu^ discharges are highly infectious. 

Arrangements should be made for the periodic ins])ection of the 
slools, for by these, suppltunented by the appearance of the tongue 
and the general condition of the patient, the progress of the case can 
best: be asci'rtained. 

Gonsiderable attention should be paid to the diet, which should 
be nutritious and easily assimilable, leaving as little residue as possible. 
Modem medical opinion is strongly opposed to milk in the routine 
treatment of bacillary dysentery. Whether plain, boiled, or pep- 
tonized, it is apt to curdle in the intestinal canal, and the casein clots 
thus formed have to be passed in the stools. The best diet is one 
consisting of jellies, albumin water, rice water, chicken conje, beef 
tea. Brand’s (essence, Eatan (a pre-digested meat-juice), arrowroot, 
sago puddings, any of which may be given at two-hourly intervals 
in small quantities (6-10 oz.), slightly warmed, at each feed. Physical 
exhaustion necessitates a nutritious diet ; it is therefore inadvisable to 
attempt to feed dysenteries over a long period on albumin water. 

In every case, even in the most severe, treatment should be preceded 
by a mild purge ; the most suitable for the purpose being castor oil, to 
which tinctun^ of opium (15 min.) may be added. The routine treat- 
juent with saline aperients has received general commendation. The 
best salt for the purpose is sodium sulphate in drachm-doS('s exhibited 
two-hourly for the lirst two days, afterwards every four hours until 
the stools become ^a^culent. Some clinicians prefer routine treatment 
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with castor oil or rhubarb, which is given in drachni-cioses liourly lor 
eight doses till tlu* third or fourth day of the illness ; subsequently 
saline purges an* given. It is thought tliat tlie castor oil provok(‘S 
})eristaltic action. In tlu* case of small children liquid })etroleum (nujol) 
in small doses should be given every two hours while the patients art* 
awake. Hydrolax is recommended as a suitable preparation. 

Opium . — It is permissible to exhibit opium, either by the injection 
of morphia or in solution, as a means of promoting slt*ep and relieving 
pain, if very severe. 

Bohis alha (Ixaolin ). — As a means of checking the diarrluea and 
of eliminating the dysentery toxins in the intestinal canal, a mixture 
of animal charcoal and kaolin has been utilized in Germany and in 
Austria ; the powder should be given suspended in water in dos(*s 
of three teaspoonfuls every few hours. Crookes’s collosol kaolin has 
much the same effect. 

Targesin, a complex colloidal combination of albumin with diacetyl- 
tannic acid silver salt, is said by Lippelt to givt* favourable results. 
The dose is two tablets by the mouth thr(‘e times daily. Jt is said to 
abolish the bacilli in carriers of bacillary dysentery. 

Rivanol, an intestinal disinfectant (see p. 548), has been us(*d in 
e])idemics as a mass treatment of bacillary dysentery. Adults should 
receiv'C 0*1 grm. in tablet form (rivanolettes) thr(‘e timt*s daily, and 
children correspondingly smaller doses. Hivanol has the advantage of 
being cheap and does not produce any untoward (*ffects. It is said 
that serious epidemics of bacillary dysentery may be cut short by this 
treatment. 

Other drugs . — The adnjinistration of massive doses of bismuth has 
many advocates. It is given in drachm doses every three* hours 
during the acute stage. The carbonate* e)r salicylate, not the* subnitratr. 
should be used. 

Anti-dysenteric serum.- -rhe best-known serums are those* prepare'd 
by the Lister Institute ; similar ones are made by Burroughs W'ellceeme-, 
Mulford, the Eexd<e*fedLr Institute, the Be*rne‘ Institute*, by Shiga in 
Japan, and Dopter in France*. The* actiem of the serum is tee be regarded 
as purely antite)xic rather than antimicrobic. The idea unele*rlying its 
administration is that of neutralizing the te)xa*mia and ()f preventing, 
if possible, necrosis of the mucosa. It is much easie*r to produce a 
potent and effective anti-Flexner serum than an anti-Shiga one*. 
When necrosis has occurred, it is doubtful whether the serum has any 
effect whatever. Not every case of bacillary dysentery nexessitates 
eintiserum treatment. The^ indications for tin* injection should be* 
based upon consideration of the patiemt's condition, the numbe‘r of 
stools, the pulse, the al)doniinal pain and the passage of more than 
twelve to eighteen stools in the twenty-four hours. An efficiemt- 
anti-Shiga serum has now b(‘e*n prepare*d and can be* e)btained in 
concentrated form. 

There are various routes by which the serum may be administereei. 



BACILLARY DYSENTERY : TREATMENT 517 

in v(‘ry or fulininatiiig cases it is best given infravemmsly by 

the open method, in doses of 50-60 c.c. diluted with a pint of saline. 
'Phe fluid should be injected slowly, at least ten minutes being spent 
in the ])rocess. It is advisable to warm the diluted senim to 99 - 
lOO'" F. before injection, and, if a deposit is prestmt, to strain it through 
a pi(H"e of sterile liiKui or sterilized filter-paper. 

Owing to the possil)ility of hypersensibility (anaphylaxis) — which, 
though occurring rarely, may be attended by fatal results, especially 
aft(‘r intravenous injection— it is advisable to inquire wludher horse- 
s(Tum has b(‘en administered to the patient at some previous period. 

Phther the median cephalic or the median basilic vein should be 
chosen. The veins can be made prominent by means of a rubber 
t(uirniqu(‘t, or r*ven by digital pressure. It is usually unnecessary to 
incise the skin. 

The s(‘rum is absorbed much more quickly by the intraviuscuhir 
roiife than when given subcutaneously. A convenient site is tlu' 
adductor muscU‘s of th(‘ thigh : the ne^alle should be inserted at a 
])oint W(‘ll internal to the femoral artery. A large-bore needle should 
b(* used. 

The sites gt'nerally chos(‘n for suhrutdneous injection are the flanks, 
bet\ve(*n the crest of the ilium and the costal margin, or the lax tissues 
over the lower part of the abdomen. The pain, which results from the 
dist(‘nsion of the tissues when 100 c.c. or more are given, constitutes 
a disadvantage of tliis method. If the toxic symptoms do not al)ate, 
a S(M*ond injection may bt‘ giv(*n forty-(‘ight hours after the first. 

In children, who become rapidly poisoned with dysenteric toxins, 
the infraperiioneal ronte is recommended. The serum, 10-30 c.c., 
should be diluted with 150 c.c. of 5-per-cent, glucose in normal saline 
solution. 

Care must be taken that the serum does not deteriorate after long 
storage. In th(‘ tropics especially, all curative serums should be stored 
in flu* ic(‘-chest. 

A w(‘t‘k or more after th(‘ injection, serum sickness is apt to supervene. 
An urticarial rash is accompanied by pyrexia, malaise, and stiffness 
of the joints. To anticipate and prevent the advent of these symptoms, 
it is r(‘C()mmended that calcium lactate (20 gr,) should be given by 
mouth on the day of the injection and on two or three subsequent days. 

Serum tr(‘atment is of little avail in the chronic form of the disease. 

Bacterio})hage treatment . — It is probable that natural recovery from 
an acute attack of bacillary dysentery is connected with production of 
a (M)rresponding amount of bacteriophage in the intestinal canal to 
combat the infection. A potent anti-Shigaphage has been prepared by 
d’Herelle, Morison, and others, and it is particularly difficult to obtain 
accurate statistics as to the efficacy, or otherwise, of this substance. 
This phage is distributed in ampoules in quantities of 2 c.c. The 
]>ati(uit takes three ampoules by the mouth daily. It may also be 
inject(‘d per rectum. Whenever this method has been subjected to 
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critical analysis, as in the work of Taylor, Greval, and Tliant (1930), 
the results are inconclusive. 

Belief of pain. — During the early stages of an attack the patient 
may suffer much from griping and tenesmus. These are generally 
relieved by a hot bath, or by hot fomentations, or turpi'iitiue stupes, 
three or four of which may be roughly sewn into a })i(‘ce of flannel and 
laid on the abdomen. This application has the advantage of being 
very light, of not wetting the clothes, and of keeping warm for many 
hours. Tenesmus and dysuria are best relieved by nior|)hia hypo- 
dermically ; or by an enema of a wineglassful of thin starch containing 
40 or 50 drops of laudanum ; or by suppositori(^s of morphia and 
cocaine. Washing out the rectum with a pint of V(‘ry hot wat(*r, with 
or without boric acid, is sometimes effectual in removing for a time, 
or, at all events, of mitigating, the incc'ssant desire to go to stool and 
to strain. Bismuth carbonate ‘2 dr., with tinctun^ of oj)iuni 30 min. and 
thin starch 2 oz., is also a good sedative enema. Painful colic or 
peristaltic action may be count eractcal by tlie following mixture : 


B Tinct. belladoniuc 

Pot. brom. .... 
Tinct. chlor. et rnorph. co. . 

Syrup, aurant. .... 
Aq. month, pip. ad . 

Ft. mist. 588 t.d.s., p.c., vel p.r.n. 


nivii (0-414 c.c.) 
gr.x (0 -ms gnu.) 
Tlfx (0-092 c.c.) 
7)i (3-55 c.c.) 

5 .S 8 (14-2 c.c.) 


Collapse may occur at almost any stage, and may be due to physical 
exhaustion caused by excessive straining and loss of fluid. Every 
endeavour should be made to restore the balance by the intravenous 
injection of large quantities of saline and glucose. 

Vomiting and hiccough in these severe easels should both be re- 
garded as of serious portent. 

Appendicostomy as a yueihod of treaitnent. — This i)articularly heroic 
measure has been carried out under local anaesthesia in desperate cases 
of the choleraic type, with success, in a few cases. The large intestine 
is thereafter washed out through the appendicostom}" opening with 
boracic-acid solution. 

Treatment of complications. — Arthritis is best treated by 
application of Scott’s dressing, by radiant heat, or by sand-baths at 
45°-60° C. 

When the joint is greatly distended the excessive fluid may bo 
aspirated. Iritis is treated by atropine, the use of an tye-shade, etc. 

Treatment of chronic bacillary dysentery cannot be 
considered very satisfactory, for the healing of a chronically scarred 
bowel is effected slowly and with difficulty, and, as in ulcerative colitis, 
pseudopolyposis may occur. The diet should bo carefully regulated, 
and small doses of aperient salines given 1 1 ri^gular intervals. Gentle 
abdominal massage over the course of the largo intestine, in order to 
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promote normal peristalsis, may assist in relieving pain and in promoting 
nutrition. 

Moro's aj)])le d'Mary has been used extensively in Germany, both 
for adults and children, in chronic dysentery ; twenty or more apples 
made into a puree are (‘aten daily. A preserved apple powder, Aplona^, 
is made in Switzerland. In grave cases nothing besides Aplona is 
given for three days. Th(^ dose for adults is 1-H oz. (3| oz. of Aplona 
- 8G0 calories), and the amount required for a day is divided into 

portions, (nicli of which must be freshly prepared with boiled water at 
drinking t^anperature, or with weak tea, 60-120 gr. to J pint of liquid. 
It must not he brought to boiling point and no sugar should be added, 
but saccharine may h(‘ us('d instead. After the third day Aplona 
may be added to gruel or milk, being first mixed to a smooth paste 
with water. 

Jiectal irrigation. Apart from operative nu^asures, described below, the 
most hopeful method of treating the chronic form of the disease is to irrigate 
the affect(“d surface of the large bowel with various antis(q)tic8, with the 
objcu't of (ieaning the gut and stimulating the processes of repair. The 
following a})[)aratus is rcfjuired : 

(1) A glass funnel, w hich should be cylindrical in shape, in. in diameter, 
and so graduated as to hold lt> oz. of fluid. The lower part should be provided 
with a constriction .so as to accommodate th(? rubber tubing and to afford 
a firm grip. The tubing it.siif should be bound round with a ta.j>e ligature. 

(2) J{ul)ber tubing I in. in diameter ; a length of 3 ft. is required. 

(3) Kectal tube. Tiiis should be a stout catheter at least in. in diameter, 
with a big round terminal opening. 

(4) A bulbous glass tube for joining the tubing to the rectal tube. 

(5) Narrow' ta})e, lUMessarv for tying ^eurelv all the junctions. 

(6) Ilubber gloves for the operator’s hands, and a supply of vaseline. 

Methixis of administering the lavage. — The patient should be given J oz. 
of castor oil subsequently to his ordinary meal the previous evening, but on 
the morning of the irrigation only a light breakfast should be permitted. A 
large enema of sodium bicarbonate solution (1 dr. to the pint) should 
be given to clear f)ut the bowel about half an hour before the irrigation 
is due. The apparatus should then be fitted together, securely tied, and 
stcu’ilized. The temjxu'ature of the fluids used for irrigation should 
be 100-110^ F. 

When the patient is reasonably robust, the irrigation can best be adminis- 
tered in the genupectoral rather than in the left lateral position ; this 
point, however, is of little real importance, and should never be allowed 
to outw'eigh the distress caused by the former position to a weak and toxic 
patient. In severe cases the preparation of the bowel, which is at the best 
an exhausting process, should be abandoned altogether, for in such cases the 
sphincteric action may be so weak that the irrigation has to be performed 
while the patient is suitably padded or is placed on a bed-pan. It is best 
to elevate the foot of the bed slightly. The rectal tube is well greased with 
vaseline, the apparatus filled with fluid, and the tubing constricted while the 
tube is gently inserted for a distance of about 3 in. ; further introduction 
of the tube only results in excoriation of the inflamed mucosa, kinking of the 
1 Sold by C/oates and Cooper, 94 Clerkenwell Road, London, E.C.l. 
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tube, stimulation of |)existalsis, or, possibly, perforation ; the so-called “ high ” 
rectal tube is worse than useless. The funnel is held so that the fluid level 
is about 1 ft. above the anus, the tubing is then released and the rate of 
flow carefully regulated ; the correct rate is 1 in. of fluid per minute, and this 
can easily be adjusted by raising or lowering the funnel for a distance of 
about 2 ft. The tube itself should be held in the rectum throughout the 
operation, for if this is not done it may be extruded. Lateral })r(^ssure on 
the buttocks aids the retention of the injection, especially when the patient 
himself feels that he has taken all he can manage. The patient should be 
encouraged to put up with the discomfort and retain the injection as long 
as he possibly can. Where appendicostomy has been performed, the irrigatioTi 
may be carried out through a cathek'r, size No. 10, introduced via tin* 
af)pendix. The patient should be placed upon a bed -pan and cautioned 
to contract the anal sphincter as little as possible, so as to permit tht‘ injection 
to flow' through the large intestine as freely as is ])ossibU‘. It is b(\st given 
on alternate days. 

The best method of internal medication in chronic bacillary dystMiU'ry 
consists of using eusol as a retention enema by injecting 10 ounces, consisting 
of equal parts of eusol and water. Whenever it causes pain th(‘ eusol should 
be further diluted. Kamillosan (chamomile, Matricaria rh(trnoniilUi), a 
preparation obtainable from Horn burg, has a soothing effect on the bowels. 
One teavSpoonful to ('ight ounc(‘s of warm water should 1 k‘ inj(‘cted as a 
I'etention enema. 

Willrnore has advocated an “ etherol r(‘t<‘ntion <‘nema ” consisting of' 
olive oil 12 ounces with 0 drachms of eth(T, to b(‘ injecU'd in the evening 
w ith the foot of the bed elevated, and to be r(*tained all night. 

Washing out with hypertonic salines solution and adding one drachm of' 
eusol to the pint is found excellent treatment. The addition of a small 
quantity of ox-bile to normal saline solution cau.ses a contraction of th(‘ 
bowel-wall. Other methods consist, of the addition of e(pial parts of salicylate 
of soda, biborate of soda and common salt (I drachm) to the pint of waUu’. 
Another effective means of irrigation is by m(‘ans of linseed (> ounces to 8 pints 
of water boiled for two hours, strained, and injected slow ly in quantiti(‘s of 
b-8 ounces. Bismuth subgallates 5 per cent, in olive oil at body tem])eratur(' 
in retention (aiemata of 8-10 ouiices each and administf'red for 10 cons(‘cutive 
treatments, is also useful. 

The following substances are used for irrigating the bowel : 

Sidstanre A])}>ro.riiii 'e^lrnxjlh 


Sodium chloride . 

Sea-water 

Sodium bicarbonate Normal saline 

Eusol . . Water 

■rrotargol or albargin (ur^'entum 
proteinate, E.J’.) 

Tamiic acid 
Copper sulpiiate . 

Silver nitrate 
Yatren (Quinoxyi) 


(Ir. 4 to I't. 1 (1 : 1(J) 
pt. 1 

dr. 4 ,, I (\ : t(») 

o/. .•) „ pt. 1 tl ; I ) 

cr. 100 ,, pt. 1 fl : 100) 

^rr. l(»o ,, pt. 1(1: loo > 

^'r. 10!) „ pt. Id- loo) 

f^r. 7.') „ pt. 1 (1 : 1 f»0) 

prm. r> „ 07. 8 (.1 ; 40) 


Surgical treatment of chronic bacillary dysentery.- -Whon It^ss heroic 
methods fail, and the patitiiit’s conditioi^ is slowly but progressively 

•Not recommended. Silver protein .s;dt« ric very cxperisiv- and are only soluble in 
cold water. 
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(lolfTiomting, right inguinal colostomy offers a reasonable chanci* 
of success. If so serious an operation is decliued, appendieosionty 
may he urged. The cnpcum and colon may now be washed out with 
normal saline, or with an astring(uit solution, such as tannic acid^ 
through the a])p(*ndix. as frequently as d(‘sired. P'or this purpose a 
No. 8 ruhht^r (*ath(*ter with a copper stylfd is einplovcal, and rectal tul)e 
with an outflow tube. The pati(‘nt should lie on his hack : but should 
the ca'cuin get distended and the fluid fail to pass fret-ly, turning to 
tlH‘ left will restore tin* flow. 

(hrcosiomy <ind ileosfoniy. In cas(‘s with ps(‘ndopoly])osis (jf the 
mucous namibrane and incessant distn‘ssing blood-stained diarrh(ea. 
the ojX'ration of vahular cjecostoniv should certainly be given a trial. 
Th(‘ r(‘sults }iav(* be<*n (‘Uiinently successful in sonj(' cases which AAere 
incurabk' by naalicinal means (A. h. (in‘gg). A Paubs tube is at first 
insisted into the (aecuni and th** faaas are a]low(Hl to escape through 
it, ther(d)y })la('ing the wlmle of the large int(‘stine at rest. Tlaai an 
(‘fficient op(aiing is made, 'file lower bowel may be washed out daily 
with boric-acid solution, and the opening may be closed at some 
snbse(juent p(“riod, after the largi* bow(d has been ptaanitted to rest 
for thn‘(' months or mon', and complete r('co\ery of the mucous mem- 
braiK* has Ixaai obser\’<*d to take place by sigmoidoscopic examination. 
A colostomy bag is tittiMl. The ]>atient may be sent to convalesce' and 
eiicouragi'd to consume plenty of fresh eggs, milk, fruit, etc. One- 
barn‘ll(Hl ileostomy is sonu'tiines prelerable and is n'cnmnuaided by 
soiiK* surgeons. Th<^ indicafioiis here an' tla^ same as in ulcerative 
colitis, but it condc'inns tin* ])atient to a p(*rman(‘iit colostomy belt and 
other disagn'eable siejm'ke. 

Jsj)(iyhula. 'Hh' l)oat-shaped seeds of PbmUttjo oL'fild have aeciuirc'd a 
popular rc'putatiojj in the tneitnuait of ehronie dystuitery in India. The 
se(‘ds ar(‘ eitlier eheweti, wlien a gtdatinoiis substance exudes which acts as 
a di‘nndc(‘nt. or tlx' perieai]) is made into a paste, whieli is sold as ‘‘ ehilka " 
in tli(' bazaars of Ihunbay. If taken in I -dr. do.ses three times daily, it has 
a soothing effect. (’}iof)ra lias shown that the.se seeds (*ontain a glucoside 
(mrubin. The mucilage which exudes from the seeds is acted upon by tlie 
digestive enzynu's and coats th<‘ inflanud mueosa. lso-g(‘l (Allen & Hanburv) 
ha.s much the same effect. 

Prophylaxis. -Tilt' })ro})hylaxis of bacillary dysentery consists 
})rincipally in S(*curing a ])ure water supply and in avoiding unwhole- 
some and contaminatc'd food. In barracks, camps, lunatic asylums, 
and other public institutions, bacillary dysentery should be regarded 
as an infectious and readily communicable disc'ase, and therefore 
})atients suffering from mild symptoms, or even looseness of the boAvels, 
should bo isolated. 

In order to prevent tlu‘ spnxul of bacillary dysc'iitery in closely 
croAvdc'd communities, it is important to recogniz(', as early as is 
possible, all carriers of the infection and mild cases of the disease, 
which might otherwi.se escape rticognition. Cunningham and others 
have pointed out that in the prevention of the spread of bacillary 
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dysentery in jails, it is most essential that the stools of the inmates 
should be inspected macroscopically daily. Any inmate found passing 
blood and mucus, even in small quantities, should be regarded as 
j)otentially infectious and as possibly constituting a carrier of the 
disease. 

The chronic dysentery carrier is the most difficult to deal with. 
These cases should be isolated and treated with vaccines. Kolrner 
treats such cases by vaccines given at first subcutaneously and sub- 
sequently intravenously. The initial dose is one million bacilli, and 
this is subsequently increased to five and ten million organisms. 
Treatment by sulplianilamides may possibly })rove to be more (‘ffi'ctivt*. 

Prophylactic inoculatimis . — The Japanese, and later Gibson, intro- 
duced an inoculation by which the toxic effects of the bacillus are 
neutralized by the addition of a potent anti-Shiga serum, resulting 
in an almost complete absence of reaction. The vaccine and serum 
(sero-vaccine) are put up in twin phials, the bacillary emulsion being 
contained in one arm, the serum in the otluT. The first dose is ()-25 c.c., 
containing 500 million Shiga organisms mixed with OT c.c. of s(*rum ; 
the second dose, given 10 days later, contains 1,000 million organisms 
with 0*2 c.c. of serum. 

The limited number of statistics available^ ar(‘ distinctly in favour 
of this method of })rotection. A soimnvhat similar method has heen 
appli(ul in Germany and in Austria under the nam(‘ of “ Poehneke' s 
Ihjshaktay Besredka producecl an antidysenteric bili-vaccine consist- 
ing of dead dysentery bacilli with th(‘ addition of bile. The techni(]ue 
is to give on three successive days befon? breakfast a dose of bile, 
followed ])y a pill containing the desiccated vaccim*. Two hours ht‘for(< 
the first meal of the day, a tablet containing 20 c.gni. of desiccated 
bile IS administered orally and this is followed by a dose of 100 irdlliards 
of dysentery bacilli killed by h(*at. No food is allow(*d for two hours 
after the dose and the same treatment is given on two further con- 
secutive days. 

Blanc and Caminopetros employed iiitramuscular injections of 
living vaccines consisting of 4-6 thousand million dysentery bacilli, and 
found that they caused a slight infiltration to appear which resolved 
again in three or four days. They concluded that no dangei existed 
in using a living vaccine. 


II. AMfflBIC DYSENTERY AND AMQ^iBIASIS 

Definition. — Amoebiasis is a term employed to indicate an in- 
fection with a protozoan — Entamceba histolytica. When the activities 
of the parasite are confined solely to the intestinal canal it produces 
arnochic dysentery, or primary intestinal amoebiasis, a disease insidious 
in its onset, chronic in its course, and with a marked tendency to 
relapse. When metastatic lesions develop in the liver it is known as 
secondary amoebiasis, or hepatic avLoebiasis. 
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Geographical distribution. — Aina;l)iasis occurs to a greater or 
lesser degree throughout the tropics and subtropics. During recent 
years sporadic indigenous cases have been reported from Northern 
Europe and c^ven, very randy, in Great I^ritain. Specially prevalent in 
India, Indo-China, China, and the Idiilippines, it is common throughout 
North and Central Africa, and widespread in the Southern United 
Stat{*s, South America, and the West Indies. 

Epidemiology and endemiology. — Ama biasis arises sporadically 
without any particular seasonal prevalence*, and does not usually occur 
in epidermic form in the same manner as in bacillary dysentery. As in 
the case of l)acillary dysonteTy, house'-flies may play a considerable 
})art in dissemination. Tlie work of Wenyon and O'Connor has showm 
that, not only can tho cysts of K. liisiohjtica be dtunonstrated in the 
fa'C(‘S of wild tlies, but tliat tlaw continue to be passed by e.xperirnentally- 
inb'cted ins(*cts b)r sixtetai hours or long(*r. Then* is also evidence to 
show that c.oniaminaicd water and fresh veg(*tables, such as lettuce, 
may (‘onstitute suitable veliicles of infection. The latest reports of 
the outbr(‘ak in Chicago in the summer and autumn of 1933 give the 
total number of cases as 1,409 occurring in that city or traced to other 
(*ities in the rnit(*d States, with over 40 deaths. The source of the 
infection was traced to two hoti*ls, where the majority of those infected 
were employ(*d in tlie capacity of servants or were guests. All the 
carriers of E, histoliitica were removed from tlieir employment, but 
in spite of these measures, cases continu(*d to develop amongst employees 
of one hot(‘I, and the “ carrier ’’-ratt* among tliem was foimd to be as 
high as 47-4 per cent. Further investigations revealed serious con- 
tamination of the water supply from drainage. The incubation period 
of the disease in this instance was shown to be from 7-15 days, even 
up to 77 days. 

Considering the susceptibility of the cysts to desiccation, it is 
probable that dust and sand play no part in the dissemination of 
this disease. 

Intestinal animbiasis is a disease of adult life as a rule. It is rare 
to find it in Euro])t‘an children under five years of age. The youngest 
patient the Editor himself has seen was seven years old. Among 
Egyptian children of the poorer class in Cairo, Ferry and Bensted 
found that 13 per cent, of clinical dysentery was due to E, histolytica. 
and Biggam has se(‘n acuU* animbic dysentery with liver abscess in an 
infant three months old ; C. Williams has found it in a negro infant 
of fifteen months on the Gold Coast. As the disease has a long 
incubation period and is acquired from contaminated water and 
veg(‘tables, it is unlikely to occur among carefully nurtured children 
in whom the bacillary form is much more common. This fact should 
be borne in mind by tropical practitioners. 

Intestinal ainoebiasis in man, producing active symptoms, may be in 
evidence for many years. The Editor has seen cases which have lasted from 
thirty to forty years without seriously undermining the patient’s health, so 
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toli'rant arc the tissiu's to this parasite, "Jliere ajipi'ars to be also a (litt’ereiiee 
in th(' incidence of intestinal amiebiasis in the si'xtvs, Mah's, Kiiropean and 
otlierwise, are pi'rhajis more ])rone to eontraet the infection. (Jharpure and 
Saldanha (1930) ha ve sliown that in a serii's of over 400 })ost-mortem examina- 
tions the number of male cases is (piiti* disproportional to the total number. 
Of anuebic dysentery and livtu* abscess, 90 () and 93-8 ptu* cent, ri'spectively 
occurred in males; 9-4 and 0-2 per cent, in females. Below ten years of 
aijfe the incidence of amo'bic lesions was 0-9 ]>er cent, and of liver abs(‘(‘ss nil. 
The highest peak is reached in the deciMinial ])eriods 20-40, with a pro])ortion 
of about 30 per cent, of anuebic d\ senter\ and 38 juu' cent, of livi'r absc*(*ss 
to the total number of jiost-mortems. 

In AniK'nia, Zaturjan has shown that armebiasis in childnai usually runs 
a much more bi'iiign c*ours(‘ than in adults and ran'ly shows any serious 
complications. Tlit* cysl-(‘arrier rate* among them tlau’c is (i-T }H‘r cent. 

i^tiology.— The discovery of aiiKehie in dys(‘nt(Ty stools wjis 
made by Liisch in 187o, and sinci* tlu'ii tlie intestinal anifeba* ba\(‘ 
been the ohject of mnch study. They were originally regarded as 
a single organism, -.l/z/cehn coli hut it is now recognizial, mainly as a 
result of th(‘ work of Schaudinn, Hartmann, W'tuiyon, and Holx^ll, 
that several distinct anuehte occur in tlu* intestinal canal of man, 
one of which, ]\nt(nii(rh(t histoUfllcd, is pathogenic [or man, while the 
- Eni(i}d(ri)Ci roll. Endolinm.r nana, Io(l(nn<rhfi hiffsrhlii, and 
IHe7it(iff((rh(i frn(jilis i\rv liariidess saprophytic speci(‘s. A’. Jnsfoli/fica 
was originally cultured on (‘gg-nu‘diuni by l>ot‘(‘k and Drhohhw in J92r) 
([). 1040), hut during th(‘ last tew y(‘ars it has been grown on a variety 
of serum-juedia. This t(*rm hhitauueha is usi'd by most l^higlish 
authorities, though American writc^rs claim that J^dnhniKrhd is mon‘ 
correct. 

Dderfion of rntanurhir' hi ,s7ee/,v. — Wluai pn'siait in stools, the ontamo'ba* 
are generally (‘asy to tind. All th(‘ prejiaration n(‘c(‘ssary is to ]>ick out a 
small fragment of stool sliortly after being y)asseil, and then to lay this on 
the slide and com})r(‘ss it Hutbeiently under the cover-glass to form a fairly 
transjiarent film. It must be remembtu'ed that activi' (‘ntanm'ba* UmkI 
to occur in clumjis or mass(‘s and are not evenly distribub'd througliout 
the stool ; they may hi' pn^sent in one motion and not in the next that is 
ymssed. Care should be t-akiui that the receyitacle in winch the stool is col- 
lected for examination is fn^e from all traces of antiseptics. Th • aimebie live* 
only for a few hours aftiT being passiul, and are readily disU rted in tlu* 
presence of urine, 'riie dystmtery amceba is a cl(‘ar, faintly green ish-tint<*d, 
transparent body, as a general rule, some three to five times the diameti'r 
of a red blood-corpuscle, in its vegetative ])hase it is n'cognizable by its 
active movements, as well as by the ))r(‘senc(‘ in its intmior of extraneous 
iKwlies, .such as red blood -eoryuiscles, whiidi it ingests, 'fhe nuckuis may 
sometimes be detected in an eeiHuitric! position. Th(‘ habit of ingesting red 
blood -corpuscles and body-tissue cells is one of the points of distinction 
between this amadja and the non-pathogeni(t K. roll. 

In stained jireparations^ the body of the amadia is sc‘cn to be made u[) 

* For the staining of amoebae in licjuid jneparatioiv^ 8f-e Sohaiidinn’s metlaxl (Appendix, 
J>. 10.35). 'J’he details of amo-ba* are distf»rted if atU inpts an- made to dry the sj)eeim(M) as 
one would a blocxl-lilm. 
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of two zones — a granular endoplasm surrounded by a clear ^protoplasmic 
zone or ectoplasm. The nucleus shows a characteristic uniform structure 
if the specimen is fresh and fixed while alive ; aberrant forms with fragment'd 
karyosornes, etc., are duo to degenerative changes {ste p. S57). 

These amoebae flow, rather than move, across the slide, and in the living 
state exhibit sometimes no very conspicuous differentiation between e(;to- 
plasm and endoplasm. They (piickly die and degenerate when outside th(‘ 
l)ody. Ke])t at a lower kunpt^rature for some time, they remain stationary : 
when the slide is warmed, they eject from time to time hyaline “ blade-like; ” 
[Kseudopodia. J)(*gen(‘rative entamcebae often contain vacuoles, but such are 
not ])resent in healthy specimens. When conditions are adverse, they 
encyst, but IxTore eloing so undergo a reduction in size with formation of 
})recystic individuals. 

(Vsts vary much in size, and, according to Dobell and Jepps, 
E. histolytica is a s})t*cies v hich is divisible, from the size* of the cysts, into 
five distinct race's. 'Phe smalle'st race* proeluce cysts 7 9 /x in eiiameter ; the 
large'st, 15 /x. At pre*sent there is no aelequak evidence to show that these 
different rae'cs eiiff'er in jpathepgenicity. In their substance theyy contaiTi 
highly refractih* masse*s composx'el e)f e*hroinatin, generally known as chroma- 
toid bo(li(*s, wliieli may assume* the form of blocks with remnded ends, and 
also a glycoge*n-c()nt«'i ining vacuole*. Whe'n first forme*d, the cyst contains 
but one* nucleus, which measures about eme-third of its diameter ; this 
multi})Iies by binary fission, so that finally, in the more mature individuals, 
four small nucle*!, <*ach measuring one-sixth e)f the diameter of the cyst, are 
proeluced. In its ge*neral charae'te'rs the cyst nucle'iis re‘sembles that of the 
ve*getative* stage*. 

The cysts uf K. histolytlcfi t an survive outside Die boeiy of man for about 
t(*n da\'s if ke*pt moist and cool. Desiccation kills them imnu'diately, and 
the*y survive at a low much longer than at a higher te'mperature. The cysts 
w ill de*ve*lop and exist uneier suitable conelitie)ns in vitro in Drbohlav’s medium 
{s( (' p. 1049). 4'hus the; aeldition of a small amount of starc'h accelerates the 
ju’oeess of encystation, while Dobell has fe)und that the presence* e)f c-(*rtain 
bacte*ria favour the* growth and multiplication of this protozoan, while some 
othe*r species are harmful. A elefinite* .*<\'mbiosis appears to exist, and Dobell 
has found that evsts can iK'ithe'r eh'velop nor liatch e)ut in a sterile* meelium. 

\\’(‘slplial has le.'corde'd a signitie*aiit e*xpe*riiiieiit wlu'ii an individual 
aeejuire'd a harmless K. histolytica infi'ction hy the ingestion of cysts. 
Some* mouths lateT culture's of hacte'ria isolateal from the fiece'S of acute* 
ameebic dyse'iite'ry we're* inge*ste(l and a similar elose* was give'ii te) a 
control. Both the* “ carrier ” and the* cemtrol suffered freiin diarrheea, 
hut on tile twe'uty-third day, the feermer eleveloiied clinical ameehic 
elysenle'ry. It was afterwards possible te) dete'rmine tliat the actual 
attack of ama'bic dyse*nte'ry was initiateel by a Flexner inlVction. 

SiDutnary of lije-hisiory of Entatticrba histolytica . — The active* 
vege‘tative e'ntameeba; live on the tissues of the gut-wall, where the^y 
inge'st bloe)d-corj)uscle‘s and multiply ley elivision. In tlu' primary 
amci'bic lesions the anuebte make thedr way into the follicle's of the 
large intestine where they multiply, and partly by pressure, partly 
by the secretion of a cytolysin, make their way into the interglandular 
tissue and produce a small anuebic absce'ss of the submucosa. In time 
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this abscess bursts and becomes an ulcer. A certain proper fcion of 
amcebae leave the ulcers they produce, enter the lumen of the bowel, encyst, 
and pass out with the faeces. The precystic individuals, free from {moto- 
plasmic inclusions, are smaller than the ordinary forms which continue to 
multiply in the tissues. Tlie typical cysts, smaller than the precystic forms, 
are quadrinucleate when mature. When swallowed by another human 
host they pass into the small intestine, where they hatch into anuebulas 
which, in turn, attack and invade the tissues and rtaannnuuice the cycle. 

The above summary epitomizes the giuiprally accept(*(l account of 
the life-history of p]. histoJyiica, hut tluTe are som(‘ obsfTviTs, notably 
lieichenow, who consider that tin* entaiiKX'ba is normally an inhabitant 
of the lumen of tli(' intestinal tract and not a tissue-invador, but that, 
under certain conditions in the tropics, th(\S(^ amfeba.^ invade tlu* 
intestinal wall and then^by give rise to aimebic dys(uilery. He thinks 
that the normal form is tla? minuta stagt‘, which jiv(‘s in tin* intestinal 
lumen, where it reproduces by binary fission and prodiices characteristic 
four-nucleated cysts. Westphal, on the otluT hand, rt‘gards IP 
histolytica as ca})abl«' of both intra- and (‘xtra-cellular digestion. 
Proteolytic fernKuits, but no toxins, an* produc(‘d. 

A characteristic feature of anaebic infection of the intestine 
is the periodic variation in intensity, which may (‘it her be conn(‘cted 
with resistance on the part of the tissut‘s of tho host, or possibly may 
be a feature in the d(.‘velopm(‘iit of tin* parasit(‘. 

Occasionally, however, the vegetative* amo.'ba; may migrat(‘ from 
their site of election in the bowel-wall and, as tissue-invading forms, 
enter the venous system and be transport (‘d t(j the livasr, exc(*ptaonally 
the spleen, brain, or lung; but by so doing they l)(x*ome unable to 
complete the cycle of development as observed outside the 
body, for pre-cystic individuals and cysts n(‘ver develop in these 
situations. Amoebic infection of the skin around the sinus of a dis- 
charging liver abscess has been reported {see p. 563). 

E. histolytica jjassersJ — Idie healthy pass(‘r (or excretor) of IP 
histohjtica is an individual who has not suffered and is not suffering 
from dysenteric symptoms, but passes histolytica cysts, though other- 
wise in perfect health. Such cyst-passers may have activ ' entamcebie 
living in the tissues of the bowel . 

The cyst-passers may now be divided into two classes — (1) the 
contact who has never suffered from amoebic dysentery, and (2) the 
convalescent who has recovered from such an attack. It is now known 
that, for every abnormal person who is suffering from amcebic dysentery 
with the passage of vegetative forms which are non-in fective to others, 
there are large numbers of healthy persons who continue to pass 
E. histolytica cysts, and thus constitute a perennial source of infection. 
The vegetative entama3ba must, in either case, live at the expense 
of the tissues of the host. We know from the post-mortem findings 

^ “ Cyst-passer ” is here used in the place of “ carrier,” a term which is not applicable to 
the life-history of E. histolytica. 
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ill the riiilippines and (dsewhere that extensive bowel ulceration can 
occur without visible syinptoins of dysentery having been present 
during life, and it is a inatt(*r of common experience that liver abscess 
may occur under these circumstances. The lesions of the mucosa 
may be of microsc(jpic proportions. Cytolysis and necrosis of the 
superficial epith(diuni takes place and is followed in the majority of 
instanc(*s by rapid regeneration of the epithelium, so that the probability 
is that only a small percentage of those infected actually show clinical 
evidences of amcebic dysentery. The experiments of Walker and 
Sellards upon man showed that out of 20 men fed with E. histohjtica 
18 liecame parasitized, but only 4 developed dysenteric symptciins 
though the remainder contiiiu(*d to pass typical cysts in their stools. 

By intrar(‘ctal and iritracaL*cal injection of heces containing cysts 
into cats and })uppies, ulceration of the bowel-wall and even hepatic 
abscesses have been produced ; but, although the fieces may be 
swarming with active vegetative forms, no cyst-formation has ever 
be(‘n ol)serv(!d in tla^se experimental animals. Similar lesions can be 
prodiUMMl in kittens by intrarectal injection of cultures of E. histolytica. 

I’he infection in passers of E. histolytica is remarkably persistent, 
and in all probability, unless anti-aina^bic treatment is instituted, 
tliese persons continue to pass cysts for the remainder of their lives. 

Craig and other AnuTican authorities believe that everyone who 
harbours the cysts of E. histolytica is a candidate for some more serious 
conj{)lication dm* to this parasite, and that therefon^ every “ carrier ” 
should at once receive adequate treatment. 

Incidence of crjst -passers . — Among British soldiers after a 3 'ear’s service in 
Egypt, Wenyon and O’C’onnor found that there was no marked difference 
between carriers who had prtiviousl^^ suffered from dysentery and those who 
had not (the jKircentages being 6-5 as against 4*5 per cent.). The carrier 
rate among native Egy{)tians, as might be surmised, was found to be con- 
siderably higher, that is, 13-5 per cent. Perhaps the most surprising outcome 
of the systematic examination of faeces b^' protozoologists during the War 
is the almost universal existence of the histolvdica carrier. Yorke, Matthews, 
and Malins Smith have found a considerable percentage of carriers among 
lunatics, army recruits, and the personnel of the navy in England. The 
two former investigators record a figure of 5 per cent., the latter one as high 
as 19 per cent. ; Kuenen has recorded a considerable number of indigenous 
infections with this parasite in Holland, and Brug estimate's the carrier-rate 
as 12*7 per cent, in that countr}’. In the United States the carrier-rate 
amongst schoolchildren may be as high as 10-8 per cent., but in adults 
Andrews and Paulson give a much lower figure, 0-2 }Xir cent. In New York 
City it is 11 per cent, among city dwellers, and 5-4 per cent, among food- 
handlers, and in a Philadelphia suburb 5*2 per cent, for the general population. 
The exact significance of these figures is difficult to determine ; they certainly 
do not mean that this comparatively large number of people are suffering 
from gross ulceration of the bowel, for we know that indigenous amoebic 
dysentery is almost unknown in England. Even among the insane, with a 
relatively high cyst-passer percentage, “ clinical amoebic d^^sentery ” is very 



DYSENTERIES AND LIVER ABSCESS 




Pathology. The earliest lesions of aino'hic dysentt^rv consist 
of minute yellow heinis[)herical elevations of the mucosa, whicli mark 
the site of a deepiT-lying zoik' of necrosis. By growing in size and 
l)reaking down they form tlask-s]iaj)ed ulcers, th(‘ bases of which lie 
in the submucosa. 'FIk'Sc^ ulcers are scattered throughout the large 
intestine, and rarely extend above tlie ileo-ciccal valve. ^ The apjxaidix 
jiiay be involved, and Musgrave, in 1910, r(‘port(‘d three cases of fatal 
])eritonitis due to this accident : since then a few other cases hav(‘ 
la'eii investigated in which the entanKtd)ie were demonstrated in 
microscopic sections of th«‘ appiaidix. Ammbic ulceration of the 
ileum has been r(*]H)rted by Ihggam. Tlaw witc' acut(‘ and rapidly 
fatal cases, and in neitlaa’ instances wen* anucba* found in the stools 
but oidy by scraj)ing the anaebic h‘sions. 

The ulcers may not be larger than a pin's lu'ad or may enlarge* 
to an inch or more in diameter, and, as the dis(‘ast* progresst's, may 
become even more* exteaisive*. Jn this case the* margins are rolled, the* 
edges undermined, and (he base is gtaierally fornu'd by (lie* fibres of the 
muscular coat (sea-aneniom* ulcers). 1'he ulcers th(*mselves are 
usually capjeed by ytdlowish, grei'iiish, or (*\ en black sloughs (Dyak- 
hair sloughs), which may la* of consid(*rabk* thickn(*ss and may projt‘ct 
into the hniu‘n of the bowe*!. 'I’la* lesions, as a riik*, originate in (be 
caK*um, and an* scattered throughout tlu* transv('rse and sigmoid 
colon and n*ctal canal, though tin* int<‘rvening mucous ]nembrane 
r(*mains lu'althy. As a g{*neral rule, amo'bic k'sions t*xt(*nd through- 
out the large intestint* as far down as the internal anal sphincter. 
When the pro(*{‘ss is clironic th(*re is a considerable inllammation and 
compensator}^ hypertrophy t)f (la* bowel-wall. Often there may lx* 
sacculations and constrictions dm* to thf* cicatricial contractions of 
oiH* part of the intestine and attenuation of tie* other (Plate XIII, 
Fif.^ 1). 

Scllards and Jx'iva have .shown in experimental animals tliat when the 
ea^cum is exposed and infective material is introduced into the lumen of the 
bowel, infection takes place with surprising regularity, hut that, wlx'ther 
introduced into tlx* ca*cum or t ia the rectum, the initial lesions occur in the 
extreme lower part of the bowel. Stasis (xcurring in the large inU'stine 
affords an opportunity for the organisms to gain a foothold, ai d is e(‘rtainly 
a factor in determining the location of the initial lt‘sion. W'.gnei nd Boiling, 
whose conclusions are almost i(h‘ntical with the above, find that tlx* ama*ba; 
at these focal jioints (*nt(‘r the tissues in one of threi* ways, jiassing directly 
into the connective tissue, into the (*rypts, or into the lymf)h -channels, where 
they migrate to the lymph-follicle.s and the submucosa. The intestitial 
mucosa responds to the invasion by the sec^r(*tion of mucus, which, wlien 
mixed with blood, forms an exe(*llent medium for the developm(*nt of amiebic 
on the surface of tlu* mucosa. 

Thrombosis of the blood-vessels, in wdiieli the (*niiim(eba; are often 


^ The reported di8co\ery of K. histolytica in the diiodenal juite and bile- passages requires 
confirmation (Boyers). 
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fouinl, oocurs at tli(‘ ])as(^s of tht? ulcers, and often, by a process of 
erosion, an arterioles may b(s opened, and severe or fatal haemorrhage 
result. l\‘rforation by ulcers and even massive gangrene of the gut 
may occur, espiscially in the neighbourhood of the caecum, and lead 
to fatal peritonitis. 

In the healed or healing gut, cicatricial pigmented scars mark 
tb(^ sites of the ulcers. Adhesions may form between proximal coils 
of intestine ; th(‘S(i Jiiay be matted together or become adherent to the 
liver and sph^eii. The intestines thems(dves are very friable and tear 
readily when handled, so that })ericolic abscesses may form. 

In chronic cases, polypoid and, it may be, gangrenous tags hang 
into the Iuiikmi of the gut. The intestinal contents may be composed 
of dark, almost black luemorrhagic ficcal mattcT with characteristic 
])enetrating odour. 

Carcinoma has l)(*(‘n observed to originate at the site of chronic 
unluailed amrrbic lesions. 

The cadaver shows no signs of toxic absorption, such as occurs 
in the bacillary dis(‘as(‘. Apart from wasting, the other viscera exhibit 
few, if any, changes. 

Histology. “It is thought that the auKebae work their way down the 
crypts of Lieberkiihn, inulti[)ly, and, by means of a cytolysin, disinU‘grate 
the tissues of tin* submucosa and produce a gelatinous necrosis, with little 
surrounding tissue reaction (Fig. 59). In mon' advancetl lesions the ent- 
anuebie may be seen lying between the muscular fibres and within the luniina 
of the peritoneal veins, whence they may be 8wej)t as emboli into the portal 
vein, and lodge in the liver, so becoming the starting-point, either of an 
amo‘bic hepatitis or of a liver abscess. 

The 8uperfi(^lal layers of the slough become secondarily invaded by bacteria, 
though th(‘ adjacent mucous membrane remains healthy and shows few 
micToscopic chang(‘s. 

Symptoms. — The incubation 'peruxi^ of amcebic dysentery in 
man, from the time of introduction of the cysts into the intestinal 
canal until the dev(‘loi)ment of symptoms, is estimated to be of con- 
si(b*rable h‘ngth. In tht‘ Chicago outbreak of 1933 the incubation 
period ranged from seven up to sevtuity-seven days, symptoms appearing 
occasionally within one week and, in a few instances, not for three or 
four months. Tlu‘ fact that ammbic cysts are found in the fiBces of 
individuals who may never have had “ dysentery ” in the ordinary 
accepted sense, apparently suggests that the disease depends upon 
some secondary condition, the supervention of which is the ultimate 
determining factor of the explosion of the active disease [see p. 525). 

' The course t)!' o.vperiineuUillv-proLiueecl aniuebic dyseuterv in kittens differs easentiallv 
from the disease as seen in man. When introduced into the rectum of the cat the entamiel)a 
produces within a period of two to three days the most acute inflammation of that part of 
the intestinal canal to which it has gained access. The lesions differ essentially in their 
generalized and acute character from those observed in man, and death takes place from a 
secondary terminal bacterial invasion. Cysts are never formetl, and chronic ulceration 
does not occur. 

34 



580 


DYSENTERIES AND LIVER ABSCESS 


The great majority of cases of aiiuebic dysentery run a chronic 
course, with frequent intermissions and rt‘la]>s(‘s. In fact, the capacil.y 
for latency is one of the most striking and characteristic f(uit\ires of 
amoebic dysentery. The onset is generally insidious, and the pati(‘n( 
may complain more of diarrhcea than of (lys(*nteric symptoms, and 
this cannot be too much emphasized. Perforation of the bowel, 
leading to fatal peritonitis, has been known to occur in patients who 



Fig. 59. — Section through base of amoebic ulcer, showing E. hynl lytica in the 
tissues. (C*. M. Wenyon,) 

judged by clinical data, were not thought to be suffcTing from dys(*nt(*ry 
at all. In mild cas(^s the jiatient generally complains of suddenly 
developed attacks of diarrhma ; these may best bo doscribi'd as examples 
of “ ainoehic diarrhoea.'' 

The symptoms, both subjective and obj(?ctiv(^, are rather similar to 
those of bacillary dysentery ; but as a rule the abdominal tenderness 
is much less acute, and has a detinite distrilmtion over the ca'cum, 
where it may simulate appendicitis, and over the tTjinsverse colon, 
where it may resemble gastric ulcer, but niore frequently it is limited 
to the sigmoid colon. Should ulceration occur in the rectum, tenesmus 
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and straining may bo noted. The stools are larger in amount than 
those of bacillary dysentery. They may not number more than three or 
four iv the twenty- four hours, and they seldom exceed twelve. As a 
rule, t ey contain much dark and altered blood, which imparts a 
]>en(‘t rating and fetid odour ; in consistence and appearance they 
have been coiP])are<l to niiclwry sauce. When mucus is passed, it is 
streaked witli 1)1 o<k 1 and occurs as flecks scattered throughout the 
fa‘cai mass. Mehena may occur occasionall3% the motions may be 
formed, and stri'aked with blood and mucus, (langrenous sloughs 
may b(‘ voided, and (‘ven gangnuit* of the bowel-wall has been recorded. 
Tiiless th(^ case is comj»licated by hepatitis, whfui the liv(*r is painful 
and detinitely i*nlarge(j, there are s(‘ldom any toxic manifestations. 
Acufe cases of anuebic dysentery with urgent painful and severe 
clinical manib‘stations are extremely ran‘. The Editor has only 
♦‘iicountered three which could be classified as such, and this appears 
to have la^en the exjxTienct' of other obsi^rvers. In the Chicago 
e])idemic, bowtwer, acute cases of unusual severity, with ])yrexia and 
toxic manif(*stations, wt're noted. 

Tht‘ patient, as a rule, lieconies progressively emaciated, but some 
remain in remarkably good condition, although suffering from repeated 
relapse'^, and tla* kalitor has seen patiiuits, sufh'ring from clinical 
anaebic dysentery, bta'omr actually obestn The tongue is moist and 
coated, vomiting may sometimes occur, and geuf rally there is a complete 
loss of a|)]>(‘tit(*. Dysuria is not noted as in bacillary dysentery, and 
ieiiesmus is rare. Tin* liver is sometimes slightly enlarged. 

As a gtuuTal rule, in uncomplicated amcnbic dysentery there is 
no pyri'xia ; irregular fever sometimes observed is due to septic 
absfirption from the bowel. Cases with periodic rigors, suggestive 
of malaria, are occasionally met with and may be recognized by their 
amenability to (*metine treatment and by the discovery of amoebic 
cysts in the fiect^s. In association with amcebic dysentery there is 
usually a moderate leiicocytosis (10,000-12,000 leucocytes with a low 
proportion of polymor})hs — about 70 per cent.). 

Tlie study of the clinical manifestations of amoebic dysentery 
is an extensive subject and tliere still remain a number of obscure 
conditions about which some mention must be made. It is probably 
a true statement to make that, so variable are the symptoms elicited, 
it may simulate almost any intestinal condition. Intestinal arnoebiasis 
is not ahmys associated u>ith dysenUry or diarrhoea ; it may occasionally 
be marked l)y obstinate constipation and by the association of intestinal 
pains or disturbances very often with neurasthenia, with bodily and 
mental lassitude, furred tongue, and disordered digestion, what is 
popularly described as the “ uncomfortable belly,'’ or “ growling 
abdomen.” In these cases discovery of amoebic cysts in the faeces 
followed by appropriate treatment may greatly improve the clinical 
condition. Pathological changes in the bowel, as a result of amoebic 
infection, may sometimes lead to sacculation, and even to dilatation of 
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(ho colon. Very often the caicum is specially alTt‘c(e(l, and may hecome 
grossly distended with gas and the source of much discomfort. 

In the course of chronic ammbic infection a condition of caclawia 
is produced resembling intestinal toxtrmia. TIk' patient has a muddy 
yellowish complexion aiid complains of inal)ili(y to concentrate, and 
of becoming easily fatigued, reseml>ling very much in outward apfH'ai- 
ances some cases of diverticulosis. 

Often, without treatment, Uk* condition may subside, and the 
patient may be apparently cured, only to reiaps(* after an interval 
of weeks, months, or it may be of seven yt'ars or even longer. .Mon* 
often the patient continues to pass loos(‘, senii-formed stools, attacks 
of diarrlnea alternating witli constipation. After any physical ex- 
liaustion, cliill, alcoholic or dietetic indiscretion, a fresh f*xacerl)ation 
may supervene. On account of the variable natnn* of tie* symptoms, 
the shifting character of tlie pain, and tlie occasional appearance of 
melamic stools, it is clear that the condition has to i)e differ(‘ntia((‘d 
from duodenal id(*er, gall-ldadder diseasi*, pancn*atitis, and int('stinal 
neojdasin. 

Hepatitis . — Acute ama^bic hepatitis may su})er\ ene at any time 
during the course of amrebic infection : it may come on while tiie 
symptoms are acute, or during a remission. Tie* patifuit usually 
complains of gn'at pain over tlie h(*patic area, logetlii'r with sym|)toms 
of toxiemia and considerable pyrexia. Tht* liver itself is eiilarg(‘d ; the 
lower border may jiroject below tla* coastal margin to the level of the 
iliac crests, and be extremely tender. Pain relerred to tlu? right 
shoulder is also frequently present. Tsually there is a considtTable 
l(‘ucocytosis of twiaity to thirty thousand. 

Such a condition may subside without any activt* treatment. 
There is a good d(‘al of evidtaici^ that in thesi* cas(‘s tla* amo'ba' lie 
actually within tlu* livi'r substance, with embolic spread cliaracterist ii- 
of a portal distribution. Fortunately tins condition is readily amenable 
to emetine treatment {see p. 538). 

Complications. — Jhmth may result from exhaustion, intestinal 
luemorrhage, perforation, or liver abscess. 

Perforation may be sudden, or precedial by intens. local pain, 
which, if contined to the right iliac fossa, may be mPtak(*n for 
appendicitis. Occasionally, also, a pericolic absc(‘ss, (^sjxs’ially in the 
descending or sigmoid colon, may be produced. 

The most frequent complication of anifebic dysentery is liviT abscess. 

Ainoebiasis may be superimposed upon an attack of bacillary 
dysentery, or vice versa. In Egypt intestinal ameubiasis is often found 
in association with BilJiarzia mansoni. Yiscero])tosis, distension and 
sacculation of the gut, leading to intractable int(‘stinal stasis, CMUistitute 
som(j of the most distressing sequelie of aimebic dys(*ntery, but surgical 
stricture of the bowel is no longer recogni/(‘d as a com})lication. 
Appendicitis dm^ to am(Td)ic ulceration is not uncommon. 

Sequelae. — Many sequel® of intestinal amcebiasis have been 
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(IrsrrilKMl, on insuttjcient evidence, and il is of course v<*ry dillicull 

to prove tie* actual direct association of different obscure clinical 
stales with a })ast infection with E. histolytica. The Editor can record 
here liis inipr(‘ssion that certain int(*stinal conditions occur frequently 
as an aftfuauath of anurtnasis ; such are certainly appendicitis (not 
n(‘C(‘ssarily caused hy aino'hic ulceration), “ mucous colitis,” and 
duodenal ulceration. Ohronic aimehiasis, besides producing a condition 
of { lironic ill-health, very often also brings about irjtrospection and the 
patient is apt to Ixs-ome a continiKal ne\irasthenic. 

Diagnosis, (lenerally it is safe to regard an acutely developing 
tropical diarrhoai as being of bacillary or of ani(ebic origin. Clinical 
distinctions in the less acute forms, taken by tluunselves, are often 
unndiable. Assistanc(‘ may be obtained from the more ra})id onset, 
the febrile condition, and the ra|)id pulse in the bacillary disease. As 
a rule the nunjl)(*r of stools in bacillary dysentery is greater and their 
hulk loss. The character of the stools should also be taken into 
acc()unt. Tsually tliey contain more dark blood, and, occasionally, 
may l)e tarry lilo* nadapna, almost suggesting duodenal ulceration. 

In these circumstances laboratory diagnosis should be resorted 
to, the clinician having regard to the experience of the observer and 
his ability to determine whether any ammba-like body discovered in 
th(‘ faH*(‘s be E. histolytica, K. coli, or merely a largo tissue cell, especially 
a macrophage (Plate With practice this becomes comparatively 

easy. khitamod)a‘ may be absent in some portions of a stool though 
nuiiKTous in others. S(‘veral j)reparations must be searched at tirst 
with th<‘ rj-in. lens : subsequently with the J-in., and, whenever ])ossible, 
a portion of mucus must ho picked out for examination. The organisms 
may ht^ difficult, or almt)st impossible, to detect in a specimen containing 
much blood, and it is important that it should be as fresh as possible, 
d'his discovery of an active animba containing ingested red blood - 
corpuscles is generally s\itflcient to clinch a diagnosis of E. histolytica . 
In the more chronic and lat(‘nt forms of the disease the characteristic 
cysts must be searched for. As has been pointed out many times, 
entamojbte and their cysts can at first be recognized under a low-power 
as “ bright stars,” being of higher retractility than other body cells. 
Xo (examination should be considen'd as completely excluding an 
aiiKebic infection until the stool has been searched on each of seven 
consecutive days. The cultural method may assist diagnosis in scanty 
infections. In all microscopic examinations of the fa3ces the anuebie 
tend to congregate into masses or clumps, so that they may be found 
in one field and not in another. 

In cases in wliich t here is any doubt as to the identity of tlie cysts, ^ 
staining, by the rapid or by the more prolonged iron-hamiatoxylin 
method, may be resorted to (p. 1035). ^luch valuable information can 
be obtained by mixing the fresh fan’es with a solution of Weigert's 
iodine (p. 1035), which brings out their nuclei and other characteristics. 

’ ( ’onc‘('ntrutit)n may also b<* «‘m|)Ioyod for rt'cognitioii of K. histotijiic^i c'vats (p. I03a). 
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Thomson and Robertson stated that Charcot-Leyclen crystals are 
commonly found in the f®cos in ammbic dysentt'ry, and they regard 
their presence in this situation as being of considerable^ diagnostic 
importance. These crystals vary very much in size*, ave^raging 5-25 /x ; 
their typical shape resembles that of a wlietsiones and they are solui)le 
in warm water, strong mineral acids, and alcoliol. They may also be 
found in preparations made from anupbic ulcers obtained through the 
sigmoidoscope (Plate XV). 

The Editor would emphasize the danger of placing too much stress on 
the presence of Charcot-Leyden crystals as nec'essai ily diagnostic of intestinal 
amoebiasis. He has encounterenl these crystals in assexaation with malignant 
disease of the rectum, with mucous colitis, with coccidiosis (Isospora hominis), 
ulcerative colitis, and various helminthic infections. 

An additional feature which may occasionally serve as a means of 
differentiation from bacillary dysentery is the moderate leucocytosis of 
10,000-15,000, with a low proportion of polyniorplionuclear cells, 
which usually accompanies intestinal animbiasis. 

Complement -fixation reaction (Craig). — Craig has described a technique 
for the preparation of amoebic antigen and the exact technicpie for 
carrying out the test, which is j)ractically the same as tliat used for the 
Wasscrniann reaction. TJie antigen is an alcoholic extract of cultures of 
E. histolytica grown upon a modified Boeck-Drbohlav medium. A rich culture 
is selected and from this at least 120 subcultures art^ made. Then all the 
material at the junction of the egg slant and Locke’s serum solution is pijK'tted 
into suitable centrifuge tubes, centrifuged and the sediment extracted in the 
incubator at ST"" C. for fifteen days, with seven and a half volumes of absolut<‘ 
alcohol. Craig has now published results obtained from 1,(KH) cases in which 
diagnosis was checked by the faeces examination. Of those giving a positive 
reaction (175 persons), E. histolytica or cysts ^\vre found in the faeces of 
89-7 per cent. 

More recently Meleney and Erye have t(‘st(*d tlie value of complement- 
fixation in experimentally infected animals inoculated panmte rally with 
amoebic extracts. Experimentally infecUal dogs invariably giv(‘ a positive 
reaction, but this is not the case in naturally and experimentally infected 
monkeys, owing to failure of the amoeba' to enter the tissues of thes(‘ animals. 

Sigrnoidoscopic exatninaiion , — Amoebic ulceration may jxfend into 
the rectal canal, so that a sigmoidoscojac examination, wiiich may 
be conducted without an anaBsthetic, may afford valuahle information. 
As a general rule, small yellow ulcers with surrounding hy{)eraunia 
are seen ; when scraped and examined microscopically it is often 
possible to find living entamcebaB in the scrapings, even when these 
organisms cannot be demonstrafed in the fa‘ces. As compared with 
similar examinations in the chronic bacillary disease, the most striking 
fact is the absence of pain. Anjoebic ulcerations may be touched and 
scraped without causing any sensation to the patient. The mucous 
membrane surrounding individual lesions shows absence of inflamma- 
tion, and preserves its normal pinkish colour, but is usually more 
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reticulated and folded than in a normal subject. Amoebic lesions are 
then S(H‘n in the crypts between the folds ; early lesions may appear 
either as small, yellow elevations the size of a pin’s head, or as superficial 
snail-track ulcers with hamiorrhagic margins (Plate XVI). Often, 
again, the only signs of abnormality are small, flame-shaped haemorr- 
hages, in the centre of which the entamcebae may be discovered in 
scrapings obtained by mf‘ans of long-handled Volkmann’s spoon passed 
through the sigmoidoscope, even, occasionally, when these organisms 
cannot be dcaiionstratt'd in the fa‘C(‘s (Fij: 



big. 60.- Amabic dysenteiy, showing tissue-invading E. histolytica in scrapings of 
ulcer obtained through the sigmoidoscope {Orig.) 

In chronic, j)artially-lu‘al(‘d latent animbic dysentery, or even in 
symptoinless cyst -passers, ammbic lesions may be distinguished as 
minute oval circular pits, or depressions, on the mucous surface. 
They may be almost microscopic in size, requiring a magnifying eye- 
piece for their direction. The Editor has occasionally found large 
solitary anuebic ulcers in the rectum, closely resembling carcinoma, 
which may form as long as twenty years from the time of the primary 
infection. 

hiiradernial tests . — Various attempts have been made to elaborate 
an intradermal test such as that of Scalas. The test material was 
obtained by mixing mucus containing E. histolytica with 30 c.c. of 
physiological saline solution, and incubating the result for one week at 
87^^ C. with daily shakings and decolorization with animal charcoal. 
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In positive reactions an indurated swelling at th(‘ site of inoculation 
was obtained. 

X-rays in diagnosis . — Valleriiio has described filling defects in ca‘ciiin 
and ascending colon with deficient haustration (fi' th(‘ bowel, which are 
indicative of amoebic lesions, subsequent to a barium meal, but not so easily 
observed after an opaque enema. X-ray diagnosis has been tried out on an 
extended scale at the Hospital for Tropical Diseases, London. Occasionally 
filling defects are observed in the caecum, but similar a])pearanc(‘S are seen 
in other forms of dysentery and colitis. It is disapj)ointing to record that 
only unsatisfactory assistance can lu* obtained by this metliod. 

Differential diagnosis. -The differential diagnosis has to lx* madt 
from many other conditions in which blood and mucus is passed in the stools, 
and this means, of course, differential diagnosis from all other forms of 
dysentery, colitis, and even other forms of intestinal disease. There is one 
aspect, namely, the differential diagnosis from malignant disease of th(‘ 
bowel, which deserves emphasis. Manv observers - da im‘s. Willrnore, (iimn, 
and H oward- have described a hypertrophic form of ird(‘stinal aimebiasis 
an amad)ic granuloma which may affect different })ortions oi the large bowel, 
caecum, or sigmoid, for instance, and whi<‘h may produce tmuoms 12 by 
10 cm. in extent, and on account of these jihysical characters may restmible 
carcinoma very (‘losely. d'he proce.ss consists of an isolated ule('r, with 
progr(*ssiv(‘ erosion of the bowel-wall in response to long-eontiniied seeomlary 
infection. Large amounts of (edematous granulation tissut* ap|H*ar, and the 
]>rocess may affect the entire bowel-wall and tht‘ neighbouring mesoeolie fat. 
A satisfactory diagnosis can usually be made by microscopic e.xaminations 
of scrapings or by removing tissues by biopsy for microsco])ic section. 
'I'his also aj)})lies to the solitary ulcers d(“scribed (.n p. ">35. 

Tuk.atment 

So many diverse and different drug.s liaAe been advocat(Hl in 
anut'bic dysentery that the mental attitud(‘ of the praeiilionm' is apt 
to be confused. The procedure adojited is to naiiH' the drugs of im|>or- 
tance in logical sequence. WTiile jiaying due attention to the vi(*\v <»f 
other practitioners, the Editor must expn‘ss Ids jiersonal opinion on tin* 
value of these various treatments. He jirefers the comldned metliod 
of emetine and yatren or quinoxyl, from whicli h(‘ has had ^‘(uistantly 
good and permanent results. 

The treatment of amcebic dysentery reipiires careful su])(;rvision. 
Specific drugs may be preceded by a purge-castor oil is the most 
appropriate ; opium, as a routine measure, should la* avoidial. The 
dietary should be carefully regulated and in the acute stag(*s careful 
nursing is important. As all the drugs used in the treatnuait of 
aiiKX'biasis contain toxic princi]>les, especially (‘inetine and its com- 
pounds, practitioners are cautioned that a definite diagnosis of 
amoebiasis must be exactly made before they are exhibited. I'nfor- 
tunately it has hecome customary to inje^T emetine indiscriminately 
as a diagnostic therapeutic measure in all cases of dysentery, often 
with bad results. 
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I pemcuaiiha .^ — It ha<l lon^ been recognized in India ancJ in the East 
that ipecacuanha root was a valuable drug in chronic dysentery ; this was 
ManHon's opinion based upon a wide ex{K‘rience in China. Its use is now a 
matter of history, though it may sometimes be employed. Food should be 
interdicted for tlm^e hours, and then 10 to 20 drops of laudanum given in 
a tablespcxinful of water, and at the same time a mustard plaster applied 
to the epigastrium to (counteract the eiru^tie. effects of the drug ; about 
twenty minutes later, wh(*n the patient is under the infiuence of the laudanum, 
20 to 30, and even as much as 00 gr. of ipix^acuanha, in pill, bolus, capsule, 
or sus|K*nHion in half a wineglassful of water, are administered. The dose of 
i}M'ca< uanha must b(‘ continued daily for at least a week, and this drug is 
still found us(‘ful in the after-treatment of liver abscess and aimebiasis (jf 
the lung {Hve p. oOl). 

I. Emetine. —lpe(‘acnaiiha has been su})(‘rsed(Hi ])y its alkaloid. 
cnicliDr, inject (*d suhcntaueoiisly, as advocaf(*d tirst by Rogers. There 
an‘ four alkahuds of ip(‘ca(Miaiiba — einetiiie, cepbadiiie, psyebotrine. 
and (Muetainine — whose (*xact constitution is not yet known ; but 
only the tirst -named has debnite therapeutic properties. Emetine 
must be giv(*n subciitam'ously or intramuscularly. It is a toxic drug, 
esptM'ially to child riai and women, when given iniravenonshj and in 
exclusive dosi‘S. 

'Fhe rationale^ ot tin* action of the ijiecacuanha alkaloids on E. hiMolyiica 
cannot yet b(‘ regarded as settled. 

Dobell has shown that emetine is highly lethal to ama'bae in culture, so 
that a stnaigth of one in live million is sjx'citic. Xossina has sliown that the 
action of emetine is inllucmcd by the acidity or otherwise' of the medium. 
It has a slight action in an acid medium, hut the effect iiicrc'asc'S as the reaction 
approaches neutrality. At y>H (cS the emetine kills anuphie in the strength 
already stated, (’cpluelinc, on the other hand, is far less effective. 

In largi^ doses, more than 1 grain a day, emetine produces toxic 
symptoms. It may It'ad to asthenia, cardiac irregularity, emaciation, 
UKUital de|)r(‘SsioM, and in rare cases to myositis and even to a iiouritis 
which may alfect a ])articular group of muscles and produce partial 
])aralysis. The Editor lias setui the scapnlo-humeral group attacked, 
n'semhling chronic poliomyelitis. Another curious toxic symptom is 
tlu' jiroduction of diarrluea which may possibly be considered to be 
due to the dysentery itself. Emetine therapy is frequently followed 
by a fine iiranny desquamation of the skin and an atrophic brittle 
condition of the nails. Emetine given in emema form (1 : 1000) 
in dos(‘S of 2-3 gr., thereby directly introduced into the bowel, is not 
giuuTally followT'd by good n'sults ; it is extremely painful and may 
actually provoke an acute relapse of amoebic dysentery. No adequate 
explanation of this curious action has been forthcoming. 

More serious attention must be paid to the toxic manifestations of emetine 
when given injudiciously without proper indications for its use. Being a 

* Brazilian ipecacuanha root {Vephatlis ipecacuanha) ia said to bo more efTicaoioiis than 
the preparation from New Grenada {Uragoya granatenais)^ as it contains more emetine. 
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general cytoplasmic poison it is especially toxic vv1h‘ii given in bacillary 
dysentery infections on the mistaken notion that they are anHebie. Apart 
from it« general toxic action on the tissues, it has an esfK'cial affinity for the 
heart. Its action has been shown by KpsUMii to be direct on tlu^ myocardium 
and the conducting fibres, and may produce ventricular fibrillation. Notice 
must also be drawn to the effects of ill-conducted emetine injections, esfiocially 
in debilitated persons. It may then produce a widesj^read cellulitis, and 
the Editor has seen two cases where it was so acute and extensive that the 
patient nearly lost his arm. I^ocalized abscess formation may occur, or a 
patch of irritative eczema, or even an ulcer, may ajipear at the site of injection. 
Often the stiffness and irritation produced by emidiiu* injections is intolerable 
to the patient. Many of these objections may be obviated by giving it by 
the intramuscular route. Emetine is especially toxic to young childnui and 
is a mental depressant to adults. 

On no account should emetine be given hyjiodermically to patients 
who are up and about, leading an active life or even taking hard physical 
exercise. This is too frequently forgotten and permanent cardiac damagi^ is the 
result. 

Jt is ad visa bio to ])ogin tn'atiriont with a course of liy|)odoriiiic 
or intramuscular injections of emetine hydrochloride (1 gr. in I c.c. 
of distilled water) daily for ft‘n or twtdve days. This alone do(‘s 
not suffic(‘ for thorough eradication of the infection from tlu' bowel as 
the Editor has abundantly shown from the following out of jiast 
histories of dysenteric patients : it should be siip])I(‘nu'nt<*d by the 
double iodide of ejneline and hisunifh (enudine-bismutli iodide), 
cojitaining 2() ])er cent, of the emetine alkaloid. J'^nudim* injindions^ 
constitute a much more effectivi^ am(ebicid«‘ in uielastati aniu’hic 
lesions (hepatitis, etc.) than in int(‘stinal amodjiasis. 

II. Emetine -bismuth iodide was introduced by Du ]\l(-z in UHt) 
and po])ularized by Dale. It contains 58 jier cent, of iodini* and 28 jier 
cent, of emetiru'. The insoluble salts of bismuth are con\(*rt(‘d into 
bismuth sulphide after passing the ])ylorus. Jt is useful, espi^cially in 
chronic cases and in persistent passers of E. kislolytica cysts, and 
sliould be given by the mouth. Generally known as i'bD.I., it is an 
invSoluble powder, from which the emetine is set free by contact with 
the intestinal juices. Experience has shown that it passes through 
the intestinal canal unabsorbed, if compressed into a liard tablet, or 
if coated with an insoluble substancis such as jiaraffin, vaseline, resin, 
keratin, or stearin. It is best made up in jiowder form in gelatin 
capsules {slijndes), or mixed witli jam or syrup. Tlie maximum 
individual dose for an adult is 3 gr. (0-2 grin.) per dimn ; it should be 
given for ten to twelve consecutive days. With delicate individuals 
and with women one should begin witli a smaller dose — 1 gr. — and 
gradually increase till 3 gr. is reached. This drug is probably more 
easily tolerated in temperate climati^s than in the tropics. 

The drug is dispensed as a red powder made by Burroughs Wellcome & 
Co. ; the capsules of gelatin are manufactured by Parke Davis, and by 
Martindale under the trade term of Slipules. 5 size capsule will contain 

' Disagreeable sequelae following (‘metine injections may be avoided if the skin is pinched 
up and the needle inserted deej) subculawoudy. 
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1 jrr. of while 3 ^r. can I:)e accommociated within No. 2 size. If the 

full dose* is ^dven, it is Iwttcr from the point of view of the patient to take one 
cnpHule containinj^ 3 ^r. When treatment is commenced with smaller doses 
the ]>atierjt becomes j^radiially accommodated to the drug. 

As t}i<‘ ri'snlt of more mature experience, the Editor is of the opinion 
that th(* full dosage of 80~3t) gr. formerly advocated is inadvisable 
and is not followed by better results than when smaller doses are 
administ(‘red ; with tlie coniinned jncthod of treatment which he prefers 
to any other, it is not necessary to administer more than 19 gr. of 
E.E.L 

It is important to (d)serve certain ])recautions in giving the drug. 
\\ h(‘n given at 10 ]).m., the last food should he taken at 6 p.m., and 
nothing, not evtai a glass of milk, thereafter. The patient should 
rtunain at n'st : h(‘ should (‘nd«*avour to go to sleep, and any saliva 
shoidd he wi])ed from the mouth and not swallowed. 

Th(‘ ])ractitioner should rememher that vomiting and diarrhma are to 
he (‘XjHM'ted in the earlier part of the course, and are to he viewed as an 
indication that th(‘ drug is being absorbed. Vomiting, unless excessive, 
is not to he regard(‘d as a contraindication ; if no symptoms of nausea 
su|)erv(‘m*, it is possible that the cachets are not being dissohc'd and 
their conti'iits s(‘t free. It is necessary that the {)atient should remain 
in bed and partake* of a liquid or milk diet with one egg and toast. 

]^]xcessi\e \ ()miting and nausea may be prevented by 10-15 min. 
of tinct. o})ii given half an hour previously, or, in some patients, by 
nepenthe, luminal, 1 gr., allonal, or chloretone. Most patients lose 
about 5 lb. in weight while under treatment. The condition of the 
heart and pulse should be noted daily, but the treatment should not be 
discontinued unless depression becomes severe. There is almost 
invariably a droj) in blood-pressure of about ‘20 mm. of mercury. 
AIcoIkjI in any form should b(‘ prohibited. When the cure is completed 
the })atient should be gradually permitted to resume an active existence, 
but dieting (,scc ]). 544] is still necessary. The results of E.B.I. treat- 
ment are much mort* ])ermanent than those of treatment b}^ injections 
of emetine. In the Editor's experituice most cases treated by emetine- 
injection, without adjuvant treatment, ultimately suffer from relapses. 

For relapsing cases it was formerly thought necessary to give more than 
one course of E.B.I. treatment, and cases were encountei-ed shortly after 
the War which were considered to be due to amcebas which had become 
resistant to emetine. The Editor is insistent that repeated courses of E.B.I. 
are harmful to tlu^ j)atient and are not a sound therapeutic procedure. It 
was also considered necessary to control the course of treatment by frequent 
and re{)cated faecal examinations. Too much reliance should not be paid 
on isolated fajces examinations on account of the vicarious appearances of 
the cysts, but it is advisable to examine the faeces microscopically at the 
end of six weeks after treatment. The results are much better controlled 
by periodic sigmoidoscopic examinations, if these can be carried out without 
too great a discomfort to the patient. For some time after the disappearance 
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of the active lesions, small pits or depressions of tlic mucous memliranc may 
be seen. 

A moditication of known as emetim* pm’iodidi* (tO.IM.), is less 

toxic. It may be given in capsules in the total dosage of 3 gr. daily, in con- 
junction with capsules of dried ox-bile, gr. 5, taken simultaneously, and this 
is said to facilitate the liberation of emetine. The fklitor is in the habit (»f 
administering K.IM. to those who cannot tolerate hi. 15.1. H(‘ has found the 

dosage of h gr. as advocatt'd by Willmon*, too large. 

Aurernetine- (Willmore and Martindale) is a compound of emetine with 
aiiramine (a dye). It is given by the mouth in the form of a dark-maroon 
powder which is insoluble in water. The dose, 1 gr. in gelatin capsules 
(slipules), is given four times daily on alternate days for .seven days, and 
then daily till a total of 40-00 gr. is taken. In tin* lulitor’s experimice it 
is a very depressing drug and causes as much nansi'a and vomiting as K.H.I., 
over whicli it possesses no special advantag(‘S. 

III. lodine-oxyquinoline-sulphonic-acid preparations. 

[Yairen] {Bayer ). — Tlie drug sodiuin-iodoxy-ijuinoliin* sulplioiialt' 
is known as (liiniojon (llrit. Tliarnuu*o])ada), Qi(ino.ryl ( Burroughs 
Wellcome), Quiniosulphati (May A HakiT). OtluT pr(^parat ions with 
similar chemical com]K)sition are known as Anayodin (IJ.S.A.)’ and 
Dysentulin ((uTinany). 1 1 is a mixture jirepared from a})proxima<ely 
four parts of a 7-iodo-S-hydroxy-quinolin(‘-5-sul])honic acid, containing 
not less than per cent, combined iodine and 1 jiart of sodium 

bicarbonate. TluTe is generally some chemical r(‘action, so that the 
preparation may contain a small amount of sodium liydroxyijuinoline 
sulphonate in addition to the sodium bicarbonate and iodohydroxy- 
(juinoline suljilionic acid. On dissolving yatnai, 100 parts yii^ld 
approximately 85 parts of iodohydroxyquinohne sulphonate. Jt can 
he given by tlui mouth or hy retiaition enema. The maximum daily 
dose is 1 grm. (15 gr.) in powd(*r form, in cajisules, or keratin-coated 
])ills, for Itai days ; after an interval of one week the courst* should he 
repeated. The drug is excreted in the urine, and can lx* recogni/axl by 
the oxyqiiinolim' test (gn^en colour 'with piU’chloride of iron). Yatren 
in j)ill form, known as yatren pills (4 gr. each), act best when the acute 
symptoms have been controlled by enudine and in conjunction with 
that drug. The maximum dose of these is four a day. 

In the Editor’s opinion, in order to olitain jXTinanem results, 
yatren must be given by the rectum in the form of a lectal njindion 
(retention enema), as well as by the mouth. By this nadhod yatren 
has distinct anKebicidal action. The liowel must first be washed out 
and cleared of mucus by means of an enema (1 pint) of ‘2-))er-cent . 
sodium bicarbonate. Tliis is best given at 8 a.m. One hour later 
227 c.c. (8 oz.) of a 2*5-per-cent. solution of yatren, or quinoxyl, in warm 
water, is introduced through a stout rectal tube. Tin* patient should 
be encouraged to retain the solution as long as possilde, which he is 
usually able to do for 8-10 hours, d’he solution is tluai exended per 

' A Bomewhat similar compound is iodochlorcxy quinoline (*r vioforrn, which has proved 
itself effective in monkey ammbiasis (Leake). 
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rectum as a greenisli coiitamin^^ mucus and debris derived from 

the bowel. The course of injections is continued, when well tolerated, 
for ten days. Sometimes a longer period may be necessary, or the 
course may ev(‘n be re})eated two or three tinu'S with a week’s interval 
between each. Strict dieting and rest in ImmI an' absolutely necessary. 
Yatren “ retention ” (‘iiemata may be givc'ii in 5- or even 10-per-cent, 
solution to specially intractable cases, but are liable to give rise to 
pain and discomfort. 

IV. Combined treatment. — In tlie Editor’s opinion this method 
of treatment giv(*s far the b(*st and most permanent results. He has 
tested it out now iti over 600 cases of proven intestinal amcjebiasis, 
and has had two relapses, one of which has subsequently yielded to 
further treatment. Tliis tn'atrnent nailiy embodies the effects of 
both yatren and E.lkl. tn*atments giv(‘n in combination -fiot on 
alternate days. It is essi'utial that th(^ yatrcMi. or quinoxyl, enema 
should be n'tained and that it should not be used as a ch'ansing enema, 
as is fiiMpiently doni*. In tin* ivhtor’s o})iMion E.ll.l. acts on the 
amo'bic lesions in tie* u})per j)art of the large intestine, and the yatn'ii 
on those ulcers and lesions situated in the lower portion. It is necessary 
tliat th(‘ pa(i('ijt should he at rest and in bed the whole of the ten days 
during which this treat nuait is exhibited. Due attc'iilion must Ije 
paid to the dietary. It is not necessary to give inon* than IT gr. of 
E.B.I. altogeth('r, and the maximum individual dose need not 
exceed *2 gr. 


Sou KM K (U’ DiKTAHV AND ('OMBINKD TaEArMKNT 
Foit Intkstinai. Amebiasis 

On waking, potassiums hlorate moiiili-wash. 

7 a. in., i>ot of U*a and 2 oz. milk. 

7.110 a.m., one egg, hiittiTed toast, eup ol tea and 2 oz. milk. 

S a.m., sodium-hiearOonate (‘iieina 2 }>er eent. I jiint. 

S.'IO a.m., yatren 2.! per cent, by rectum (S oz.). 

0 a.m., S oz. milk. 

10.30 a.m., juice of an orangi', glm*ose I oz. 

12 noon, liver sou}», chicken or fish (boiled or fri(‘d), wliiW sauce, toast, butter, 
custard or milk jelly, baked apple. 

4 }).m., boiled egg, toast, butter, juice of one orange and \ oz. glucose, or 
grajies or ripe banana, sponge fingers, 
o p.in., yatren enema voided. 

0 p.rn., milk 8 oz. ; bath. 

9.30 p.m., sedative (luminal gr. I). 

10 p.rn., K.B.l. 

10.30 p.m., sleep. 

2 a.m., vomit (therapeutic action of K.B.I.). 

During the combined treatment the patient should be nursed in bed and 
should be allowed to get up for his bath. He may be allowed to use a night 
commode for stools aiul for voiding the residue of the yatren luiema. On 
the first night K.B.I., gr. 1 , is given, on the second and subseejuent nights, gr. 2. 
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After the completion of the treatment, the patient must be 
permitted two days’ rest in order to regain liis strength, as, almost 
invariably, a sense of weakness or stiffness is produced in the 
limbs ; but if carefvdly carried out, this treatment is not specially 
exhausting. 

Medicinal freatmcnt Jollowing the comhhml course. — As an after- 
treatment to the above the Editor is in the habit of pniscribing an 
after-course of yatren (quinoxyl) pills, one or two at night for the next 
three weeks, according to the age and condition of tla^ patient. Tli(‘S(^ 
pills are good aperients and ])robably act by k(M'ping tla^ l)owels n‘lax(‘d. 
If the patient is much debilitated, one tabh^t of stovarsol slaadd be 
given daily for 14 days. 

Other methods of treatment. — Storarsol {Acetarsol), an arsenical 
preparation (8-acetylamino-4-hydr()xyphenyI-arsonic acid), containing 
27*2 per cent, of arsenic, has been aclvocated, mainly in Eranc(\ as an 
amoebicide, and has been widely used in tie* treatnu'ut of anaebic 
dysentery in combination with other drugs. In the i^klitor’s o])inion 
it has only a feeble amcrbicidal action, but. it possc^sses stimulating 
properties. Its special use is in the aftcT-curr of anuebiasis. It is 
put up in 4-gr. tablets, and the maximum dose is two daily for oia^ 
week to ten days, but not longer ; in suscejdible cases not mon* than 
one tablet daily is advisable. The exhibition of this drug has to be 
carefully watched, as it may give rise to a toxic, (‘rytherna with })yr(‘xia 
closely resembling German measles, and (‘ven to exfoliative d(*rmatitis 
which may bo fatal. None of these arsenical drugs should be adminis- 
tered to patients in whom toxic spoiling of the liver is suspected. 
A delayed papular toxic rash may appear tbr(M' weeks or so after the 
administration of the drug. Other varieties of this preparation are 
known as Spirocid, Orarsnn (Boots) and Acetarsol (U.S.A.). Halarsol 
(May & Baker) is similar. 

Carbarsone (Eli, Lilly & Co.), 4-carbamino-phenyl arsonic acid, 
(Ha 03 AsC 6 H 4 NHCONHg), was originally prepared by Ehrlich and 
contains 28*8 per cent, of arsenic. It has been much used in America 
and is given in the same manner as stovarsol, and has a})part*ntly the 
same properties. On account of its arsenical content it sh uld not bo 
given in hepatic complications, ^lost American authorities advise a 
dose of 0*25 grin, twice daily in capsules (pulvules) for ten days. Both 
stovarsol and carbarsone may be administered per rectum in the form 
of retention enema of 2 grm. in 200 c.c. of warm 2-per-cent, sodium 
bicarbonate solution. Aniibiarson is also a compound similar to the 
above. These compounds are useful in cyst-passer cases. 

Kurchi and derivatives. — (a) Kurchi bark (containing an alkaloid, 
conessine) was given a few years ago, in 10-gr. tabkd.s three times 
daily for a lengthy period, as an after-treatnuait in intractable cases. 
It apparently has no special action, (b) Kurehinine hydrochloride 
(Whiffen & Sons Ltd.), a crystalline alkaloid from kurchi bark, 
has been used both for oral administration and hyixidermic injections 
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in (losns of i-1 gr. on three successive days. This has been succeeded 
by Kurchi hismutfious iodide (Anabin) which contains the total alkaloids 
of the bark. According to Acton and Chopra it is given by the mouth 
in 10-gr. doses, twice daily for ten days without producing any 
d(deterious (dTects. Althongli the first reports of the treatment were 
encouraging, the later after-effects, in the l^ditor’s experience, have 
been disappointing. 

Ko-mm is disj)cnscd in tabloid form by Burroughs Wellcome and is 
prepared from the seeds of Brucea summlrawi ; it has a it^putation for the 
eun* of aina^biasis in the Far East. 

Rivanoly a derivative of acridine, injected per rectum, appears to have a 
somewhat similar action to yatren. A preliminary cleansing, non-irritating 
enema is given and rivanol in distilled water is diluted 1 : 500 to 1 : 2(KX) ; 
of this 500-8(KJ c.c. at body-temperature is administered j)er rectum with 
the j)atient lying on liis side, or in the knee-elbow position. The injection 
must be retain(*d as long as })ossible, at least fift(*en liiinutes. A course of 
ten or more tri'atnuuits is neet^ssary. Rivanol is antisj)asmodic and antiseptic 
and is useful for the relief of pain and tenesmus, especially in that distressing 
disease, ulcerative colitis. PcUt advocaU*s it in tablets (Kivanolettes) by 
the mouth, 30-50 mg. three* times daily for nine days. 

Viojontiy or enterovioform (iodochlorhydroxyquinoline), has been employed 
in j)lace of iodoform and contains 37*5 per cent, of iodine. It is giv^m by the 
mouth in gelatin capsules, each containing 0*25 grni. (4 gr.) of the powder, 
three times daily for tc*n days. In chronic cases it may be given each night 
for ten days in the form of a retention enema, each consisting of 150-2(X) c.c. 
of warm watt‘r in which is dissolved 2 tablets. 

Bismuth subnitrate . — As an adjuvant to emetine treatment Decks and 
dames strongly advocated bismuth subnitrate in heroic doses — 180 gr. 
mechanically sus]Kmded in a tumblerful of milk or water every three hours, 
night and da>', in severe cases. Occasional untoward effects are noted, such 
as cyanosis and forcible action of the heart, and they are due to impure 
bismuth. During the first ten days of this treatment a strict dietary is 
necessary ; thereafU*r a non -irritating diet must be persisted in for two or 
three months. 

Treat mnit of hepatitis.— The possible supervention of annebic 
hejiatitis with pyrexia and rigors should be borne in mind. During 
th(^ whole course of an attack of amoebic dysentery, and for months 
afterwards, th(5 condition of the liver must receive the most careful 
attention. We may not be able to prevent abscess of this organ ; but 
if pain scH*ms to suggest it, we can try, by means of repeated doses of 
(‘luetine by subcutaneous injection, saline aperients, rest, low diet, 
fomentations, dry-cupping, and similar measures, to avert a very grave 
complication. Emetine acts much more rapidly and specihcally in 
hepatitis than in ammbic infection of the bowel ; in some cases actual 
aspiration of the liver (hepatic phlebotomy) has a wonderful effect. 
Usually G gr. of emetine sutiice to overcome the more active symptoms. 

Perjoraiion of aviaPic ulcer . — In order to avoid fatal peritonitis, 
every effort to diagnose perforation of the large bowel slioiild be made 
directly rupture has taken place. This is usually very difiicult. Two 



544 DYSENTERIES AND LIVER ABSCESS 

successful instances, at least, liave been r(‘enr(l(‘(l when^ timely 
tion has saved the patient's life. 

Other considerations . — Symptoms must he treatcul as they arise. 
Abdominal pain should be counteracted by means of liot applications, 
colic by means of a belladonna and bromide mixture {see p. 518), and 
tenesmus by morphia suppositories or by a starch-and-opium enema. 

Diet . — The question of a suitable diet in the convalescent treatment 
of ama^bic dysentery is an all-important one after the combined 
yatren (quinoxyl) and E.B.I. treatment, for example ; the precautions 
advocated are necessary in view of tlie tendency of this disease to 
relapse when the patient indulges in rich and highly nitrogenous food, 
or foods containing too much starch.^ Alcohol, unless taken in small 
quantities, certainly predisposes to relaps(‘. The following diet is 
advocated to be taken for four weeks after active treatment : 

Permitted. — Porridge ; eggs ; filleted or fried fish — haddock, plaice, (^od. 
sole or whiting ; toast or rusks ; milk puddings — rice, sago, scunolina, ground 
rice ; spinach or young peas, vegetable marrow, cauliflower ; plain cakes ; 
fruit jellies ; stewed pears or peaches ; baked apples ; bananas, grapes ; 
tripe, brains, sweetbreads ; (diicken ; rabbit ; game— pheasant, ]>artridjj(‘ 
pigeon. 

A^ot permitUd.— Choose ; new bread ; })otatoes ; fats ; suet j)uddings ; 
rich cakes with raisins or spices ; pastry of all kinds ; pickles. 

Beverages. — Light wine only ; no spirits, beer, or stout. 

Meat . — lied meat, i.e. mutton or beef, can be ])ermitt(Ml with twifety 
once daily. 

One should be reasonable in these matters ; it is not necessary 
to starve one’s })atients in any way. 

Surgical measures must be reserved for the complications of 
auKBbiasis. Such heroic procedures as cmcostomy have no ])Iac(* in 
the treatment of intestinal amaibiasis. 

Prophylaxis of amoebiasis is practically the same as that already 
described for bacillary dysentery, and depends upon ellici(*nt sanitation, 
measures directed especially against the housefly, which has been proved 
to be a carrier of the animbic cysts, and the avoidance in the tropics 
of unboiled water, raw vegetables, or other foods that may have been 
contaminated by human fajces. As the cysts of E. histolytica can only 
survive in a moist medium, there is a considerable amount of evidence, 
experimental and epidemiological, that amoebic iiuectioi! is mostly 
water-borne. ^Jdie problem of dealing with human carriers of 
E. histolytica cysts is one that is engaging the minds of sanitarians at 
the present time. It is not likely to arise in countries supplied with a 
proper system of sanitation, but in no case ought a cyst-carrier to be 
employed as a cook or mess orderly, or placed on water duties. 
Wherever possible, cyst-carriers should be treated by the combined 
method with emetine-bismuth-iodide and yatren (quinoxyl), though a 
prolonged course of carbarsone is sometimes effective. 

* This statement has some experimental baais. Brumpt has shown that in artificial 
culture the entamoebes eagerly ingest starch grains {see p. 858). 
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Taking yatren, or quinoxyl, in pill or tablet form (4 gr.) at night 
in tropical countries where arnoebiasis is rife appears to serve in some 
way as a prophylactic measure, as well as acting as a satisfactory 
aperient. 

As anuebiasis ks usually a water-borne disease, efforts have been 
directed to exterminating the amoebic cysts from a contaminated 
water siipplv. Tt has not been found possible to do so by medication 
of the water by chlorine or chloramine. Spector, Baylis and (lullans 
have proved that this can best la* done by removing the cysts by 
tiltration through sand-filters, combined with coagulation. 

OoMPLICATJ()NS OF AMEBIASIS 
1. UFPATIC ABSCKSS (lIVKU ABSCKSS ,' UEPATIC AMCEBIASIS) 

Geographical distribution.— Liver abscess of the type known 
as trojucal abscess, for the most part a disease of warm climates, 
corresponds in its distribution with amoebic dysentery. While the 
(‘iitainmba is th(^ princi})al element in its ])roduction, its incidence 
• lepends probably on the special susceptiljility of the European to 
amcebic infection. 

^Etiology. lielativn to aniaebic dysenlery. — There can be no 
question as to the existence of an iiitiiiiato relationship between amoebic 
dysentery and liver abscess. Many well-authenticated statistics, as 
well as e\ eiyday experience, attest this. In 8,680 dysentery autopsies 
made in various tropical countries, and collated by Woodward, 779 
(‘21 per cent.) n‘V(‘aled abscesses of the liver. It will be remembered 
that extensive anuebic ulceration may exist without exciting any 
subjective syin])tonis whatever. Moreover, many patients suffering 
from liver al)scess forget, or fail to mention, the occurrence of a previous 
dysenteric attack, or may mislead the pliysician by describing such 
an attack as “ diarrhoai,” so that the relationship is much more in- 
timate than en stat istics would indicate. In the great majority of 
cases dysentery antedates the abscess, it may bo by twenty years. 

Han\ scj\ and c/ipiu/c. —Though common in Europeans in the 
tropics, liver abscess is proportionately rare among natives. Thus, 
in the native army of India the proportion of deaths from liver abscess 
to the total mortality in 1894 was only 0*6 per (-ent., whereas in the 
British army it was 7*4 per cent. Man for man, the relative liability 
of the European and the native soldier was as 95*2 to 4*8. This 
disproportion holds, in spite of the fact that a larger proportion of the 
latter are infected with E. Jiistolytica. 

It is well known that European women in the tropics, though 
nearly as subject to dysentery as European men, rarely suffer from 
liver abscess ; children hardly ever. It is most common between 
the ages of 20 and 40, though with regard to children, there are records 
of amoebic abscesses of the liver in Egyptian children of three months 
of age and again of others in children in India of ten years of age. The 
youngest seen in the Editor's experience was in an English girl of sixteen. 

35 
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Pathology. — It may bo inferred from the symptoms that in the early 
stages of suppurative hepatitis there is general congestion and enlargement 
of the liver ; in some instances this condition may bo more or less confined 
to one lobe or even part of a lobe. Later, as we know more especially from 
observations in cases that have died from the attendant dysentery, one 
or more greyish, ill-defined, circular ])atohos, J-1 in. or thereabouts in diameter, 
are formed. These grey spots are very evident on section of the organ. A, 
drop or two of a reddish, gummy pus may be expressed from the necrotic, 
patches — for such they are. Still later, the centres liquefy, and distinct but 
ragged abscess cavities are formed. An abscess thus commencH^d extends 
partly by molecular breaking down ; partly by more massive necrosis of 
portions of its wall ; partly by the formation of additional foci of softening 
in the neighbourhood and subsequent breaking down of the intervening 
septa. The walls have a raggcal and tessellated appearance. As the abscess 
enlarges so the zone of necrotic tissue becomes narrower. The character of 



Fig. 61.— Multiple liver- abscesses from a case of acute amoebic dysentery showing 
characteristic structure and zone of acute hypera'mia. Quarter nat. size. 

the contained pus also changes during the evolution of the abscess, and it 
frequently becomes secondarily infected with str(q)tococ;ci and other organisms, 
when it assumes a brownish or greenish colour. 

Nuwbtr, aize, and situation of abscesses . — Liver abscess may be siiigki or 
multiple. If multiple, there may be two, three, or many of them. When 
single, the abscess sometimes attains a great size. Frequently it is as large 
as a coco-nut, or even larger ; it has happened that the entire iiver, with the 
exception of a narrow zone of hepatic tissue, has been converted into a huge 
abscess sac. When multiple, the individual abscesses are generally smaller, 
ranging from the size of a filbert to that of an orange (Fig. bl). 

As might be expe(‘ted from considerations of the relative size of the 
parts, single abscess is much more common in the right than in the left and 
smaller lobe. What might be termed the seat of election is the upper part 
of the right lobe. 

Adhesions to surrounding organs are frequently, though not invariably, 
formed as the abscess approaches the surface of the liver. In this way the 
danger of intraperitoneal extravasation is usually averted. 

Intestinal ulceration usually coexists ; it may be very^ extensive, or con- 
fined to a few small punched-out ulcers, generally in the neighbourhood of the 
caecum. Or, again, there may be no visible lesions of the mucous surface at all. 
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Pulmonary inflammation ami ahsrcjis from escape of liver pus into the lungs 
are sometimes discovered post mortem. (Generally the pulmonary abscess 
communicates with the mother abscess in the liver by a small opening in the 
diaphragm, the pleural sac as a whole being shut off by adhesions. 

Liver pus . — ^The naked -eye appearance of liver pus is peculiar, and almost 
characteristic. When newly evacuated it is usually (‘hocolaUvcoloured, and 
streaked, or mixed, with larger or smaller clots or streaks of blood, and here 
and there with stn^aks of ck^ar mucoid or yellowish matcTial. It is so thick 
and viscid that it will hardly soak into the dressings ; it lies on the surface 
of the gauze like treacle on br(;ad, spreading out between the skin and the 
dressing, and finding its way jmst the edge of tlu^ latter rather than ])enetrating 
it. When quite fresh, here and there little islands of what may be described 
as laudable pus may be made tmt in the brown mass. Sometimes it contains 
considerable pieces of necrotic tissue. Occfisionally, from admixture of 
bile, the abscess contents are green-tinged ; they are rarely offensive unless 
the abscess lies near the colon, in which case it may have a hecal odour. 
Under the microscope many blood -corpuscles are discoverable, besides much 
broken-down liver tissue, large granular ])igmented sjiherical cells, leucocytes, 
debris, oil globules, haunatoidin and, occasionally, Uharcot-Lcyden crystals 
and entarnmbai ; when secondarily infected with organisms, streptococci or 
P. roli are also found. 

Ejitamocbce and pyogenic organisms . — The experience of tropical abscess 
in Egypt, India, and elsewhere is that entanid'bie may be detected in half 
the cases, l^sually they cannot be found in freshly as[)irated liver pus, or 
in the matt/er which escapes during operation, but they appear, often in 
great profusion, four or five days later in the discharge' from the drainage-tube. 
Jn these circumstances they may occur in strings of eight or ten. Unless 
the patient is treated with emetine, the ama'ba? may persist in the discharge 
until the abscess has healed. The Editor has succeeded in growing them 
from liver-abscess ])us on Drbohlav's medium. Tlu ir appearance in the pus 
coming from the walls of the abscess a few days after operation suggests 
that the habitat of the j)arasite is not so much the pus occupying the general 
abscess cavity as that immediately in contact with the wall and the breaking- 
down tissues themselves. The longer the abscess has persisted tlu* larger 
its size, and the more dilficult it becomes to find anunbae (Eig. 02). The pus 
from a large i)roportion of cases is bacteriologically sterile, but occasionally 
may become secondarily infected by Bacillus coll or luemolytic streptococci. 
Cysts of B. histolydca are never found. 

Encystyneni . — In rare instances the pus of liver abscess, instead of possess- 
ing the chocolate colour and viscid consistence described above, is yellow 
and creamy. This is particularly the case when the abscess becomes encysted 
— an occasional event. The walls of these encysted abscesses are thick, 
smooth, resistant, and fibrous. In time their contents become cheesy, and 
ultimately cretified ; in the latter event the cyst shrivels up and contracts 
to a small size {see Plate XVIII). 

Rogers considers that cirrhosis of the liver which is so frequent in India 
may be a sequel to liver abs(^ess, but there has been no general agreement 
on this subjecjt. 

Note on the bilaterality of the liver. — Until recently it was con- 
sidered that no differences existed between the right and left branches of 
the portal vein, the hepatic artery and the hepatic ducts, although the right 
lobe of the liver is tremble the size of the left. Cantlie in 1884 first noted 
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hypertrophy of the left lobe of the liver consequent upon total destruction 
of the right. On this account, and also on account of the embryological 
development of the liver, it was suggested that the present anatomical division 
of the liver is incorrect and that its symmetry should be gauged, not by the 
antero-posterior fissure, but by a line drawn from b(‘foro backwards, through 
the fundus of the gall-bladder to the spot where th(i anterior vena cava 
grooves the back of the liver. This is the mid-line of th(' liv(*r, and that this 



l iji. 62.- Microscopical section of liver abscess, showinjj Kutawitha /ii.siofi/flra at 
margin of abscess cavity surrounded by necrotic liver cells. 


is the true anatomical division is borne out by pathological studies and 
injection of the portal and hepatic veins and the- lie])}iti(! arPay (Mclndoe 
and Counseller). Moreover, Copher and Dick (I92S) liav(‘ shovvn that th(‘ 
distribution of the portal streams in the liver of the dog ('an be dc'termined* 
by injections of tryi)anblue, and then they have demonstraP^d that at least 
three distinct and separatee currents run in the portal vein. This is a 
streamline phenomenon. The Editor has had experi('nce of a fatal case in w hich 
total destruction of the right lobe of the liver had been brought about by 
multiple liver abscesses, and in consequence hypertroi)hy of the left lobe had 
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taken plac^c so that it formed a distinct tnmonr which could he palpated in 
the left hyperehondrium. 

The genesis of liver abscess. — Atn(i‘l)ic abscess of the liver 
would appear to take plac(^ from portal embolic infection from some 
arnmbic ulcer in the bowel. According to Rogers, the situation of this 
infectiv(‘ focus is in th(‘ right sector of the abdonK'ii, eith(*r in th(* 
caecum or ascending colon -and this fact, therefore, taking into con- 
sideration the principles f*nunciated above, accounts for the common 
situation in tla^ right h(‘patic lobe. Direct infection of the anterior 
surfac*^ of th(‘ liver may possibly sometimes take place from an ulcei’ 
in the he])atic flexure, via the periton(‘um, but there is no evidence to 
show that this constitutes the usual method. In anarbic hejjatitu, 
which is probably the prt'cursor of amoebic abscess, there appears to 
b(‘ a massive portal inf(‘Ction with anKel)a% a portal yjyaniiia, in fact. 
It appears ])robable that the greater majority of these organisms 
becouK* (b‘stroy(‘d by th«* n‘sulting tissue-reaction : those that survive 
multiply and cause* necrosis of the surrounding liver cells and the 
starting point of a liver absc(‘ss. Cytolysis of the* tissue cells is brought 
about by the action of the rapidly multiplying anaeba' : but there 
comes a time* wbt‘n the* amo'bm themselves are d(*stroyed by the* products 
of their own activity. Sterile amo*bic absce^sses at this stage* are 
naturally ve'ry liable te) l)ecome secondarily infected with pyogenic 
eerganisms, as not infr(*quently liappens. As originally pointed out by 
(Councilman mikI Jiatle'ur, the primary l(*sion is a c(‘ntral necrosis of the 
liver lobule. This may or may not be the prelude to subsequent 
abscess formation. 

Symptoms. - There is a grc'at variety in tlie synqetoms which 
live*r absce‘ss may produce. As a geaieral rule the* patient is one who 
has long resided in thi* tr(q)ics and who may have at some time 
or otlk*!' sutlered from subacute attacks of dysentery. He becomes 
conscious of a st*nst* of weight and fullness in the right hypochon- 
drium, and later be sut“ft*rs from sharp stabbing })ains over tin* 
hepatic area, and perha])S a dr}^ cough which makes the pain more 
ap])arent. 

Shoulder pain. — In a considerable })roportion of cases a sensation 
of uneasiness or actual pain, rheumatic in character, is felt around 
the right shoulder-joint, especially at night-time. Usually tlie pain 
and tenderness are felt in the skin around the acromial region (appro- 
priately termed by patients, “ the liver wing "). It is retlex in character 
due to irritation of the phrenic nerve, and is reflected through the 
fourth cervical root from which the supra-acromial and supra-clavicular 
cutaneous nerves arise in the cervical plexus, and is of the same nature 
as in inflammatory conditions of the lung and pleura and caused by 
diaphragmatic pleurisy and sometimes in gall-bladder disease. In 
l(Tt-lobe abscess the pain is referred to the left shoulder-joint. 

General features. Soon the patient becomes feverish, particularly 



550 


DYSENTERIES AND LIVER ABSCESS 



towards the eveiiiii^, and may exjx'ihaKM* a f(‘W short rigors. He 
hegiiis to lose tlc'sli, and his eomjdi'xion assumes a curious yellow, 
muddy tinge. I’lu' (juotidian ris(‘ of temj)eratur(^ now heconajs a 
regular huitun', tla* t li('rmom(‘ter every (‘V(‘ning touching 1()‘2'' h\, 
and sinking to l»fIow normal in th(‘ morning (('harts 22, 28). The 
pyrexial houts art^ accom])anied hy most })rofus(‘ swcsats, iH'C(*ssi- 
tating frequent changing of clothing during tlie night. The ])ati(*nt 
is found to 1)(‘ ('inaciated, Ids tongue furnal, the (‘xtriunit ios cold 
and clammy ; the hreath is shallow and maiidy thoracic ; som(‘- 
times an actual fullness in the e])igastrium may he observed : con- 



ircftic fc“^'cr with tendency to tertian {leriodicity. Dotted line ^ pulac-rato. 
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siderable disconifort, and, it may bo, deop-seated pain, are produced 
by general palpation and heavy percussion over the right hypo- 
chondrium. In the majority of cases the lower border of the liver is 
found to be (enlarged below the costal margin ; sometimes, but less 
frequently, it extends upwards 


it can be detected from an 
angle of th(^ scapula to the 
costal margin. It may be 
further observed that the line 
of dullness is arched along 
its upper border, and tliat 
it is altered by changes of 
position ; the u})per line 
descending when tlie patient 
lies on his l(‘ft side* or wlaui 
he stands up. 1 )e(‘p inspira- 
tion may giv(‘ rise to acute 
j)ain, and soniefiiiies one or 
two t(‘nder S])ots may be 
discov(‘red in tla^ lower inter- 
costal spaces ; tb(‘ spleen is 
not enlarged. On auscultation, 
a plc'uritic rub may b(‘ d(‘t(‘ctt‘d 
at the bas(‘ of tin* right lung, 
or signs of coni])ression such 
as ins])iratory cre|)itat ions, 
decreased breath-sounds, and a 
diminution of vocal frianitus 
may be noted at tlu‘ right bas(i 
(Fig. 08). I’ain is usually re- 
li(W(‘d by lying on th(^ affected 
side (Figs. 54, 65). 


an inch to(j high, while posteriorly 



Til!;. 63. Clinical picture of liver abscess, 
showing enlargement of liver and 
bulging of chest wall. 


In abscess of th(^ left loin* a tumour of variable outline, sometimes 
resembling in shape' and position that of an enlarged sjdeen, may be 
present in the epi- or hypogastrium, and there is usually some involve- 
ment of the base of the left lung ; but it must always be remembered 
that a tumour which may be takiai for an abscess in the left lobe of 
the liver may in reality be due to compensatory hy])ertrophy of the 
undamaged left lobe. 

As the case progresses, the patient becomes more emaciated ; 
hectic fever with drencliing nocturnal sweats continues ; the liver 
dullness and pain may increase ; or the general enlargement may 
somewhat subside, and percussion may reveal a local bulging, upwards 
or downwards. If the abscess which has now formed is not relieved 
by operation, after months of illness the patient may die worn out ; 
or the abscess, which has attained enormous dimensions, may burst 
into the right lung or pleura, or elsewhere, and be discharged, and 
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REfERRED SHOULDER PAIN 



Fig. 64. — Physical signs of liver abscess of right lobe of liver, cured by 
aspiration with Potain’s aspirator (6.7.25). {Orig.) 

Leucocytes, 9,(K)0 ; /;. fuAfnlutini (*ysU irj f'.eces. I.s.iii. II, b.isal s^'stolK*. 
murmur; P.X. — , percussion note diminisiied ; T.V.F. tartilo voral 
f-emitus diminished ; — , brcatii-sounds al».scnt ; OIIKP.S., rropitations. 



Fig. 65. — Physical signs of liver abscess with hypertrophy of the left 
lobe, cured by aspiration of 65 ounces of sterile pus (21.12.21). {Orig.) 

Leucocytes, 12,000 ; E . /listohti ca cysts in fipce... A.IL apex-beat; P.N. 
percussion note diminished ; T.V.F. — , tactile vocal fremitus diminished 
B.S. — , breath-sounds absent ; CREPS., crepitations. 
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either recovery, or death from continued hectic fever and exhaustion 
or from some intercurrent complication, ensue. 

The blood shows a well-marked polymorphonuclear leucocytosis 
of 15,000-35,000, though in some rare cases no rise of the leucocytes 
occurs. The moan average of the differential count in the Editor's 
series of cases is 70*8 per cent, polymorphonuclears ; 22*2 per cent, 
lymphocytes ; 6 per cent, large mononuclears ; and 1 per cent, 

eosinophiles. With liver abscess of long duration there is usually a 
severe secondary anaemia . Very occasionally the blood changes may 
approximate those of the pernicious type. 

Great variety in the urgency of symptoms. — Although the foregoing 
is a fairly common history in liver abscess, there are many instances 
in which the initial symptoms are much more urgent and the disease 
progresses much more rapidly. In other instances subjective symptoms 
are almost entirely absent, or so subdued that the true nature of the 
case may be entirely misapprehended until the abscess bursts through 
the lung or bowel, or a fluctuating tumour appears in the neighbourhood 
of the liver : or, ])erhaps, until after death, when the unsuspected 
abscess is discovered on the post-mortem table. 

Sometimes the initial fever is high, and persists for a considerable 
tinH‘, but later it usually becomes distinctly quotidian and inter- 
mittent in type ; rarely temj)eratures of 103° and 104° F. may be re- 
corded. Tliere is not one single cardinal sign which may not be absent 
in hepatic abscess ; thus, large collections of pus have been noted 
unattended by fever of any description. Marked rigors are rare, but 
when present indicate threatened rupture through the diaphragm or 
into some viscus. TIk^ sweating accompanying the pyrexia usually 
tak(‘s place about the ht‘ad and neck. Enlarged cervical and axillary 
glands on the affect(‘d side may sometimes occur, while rheumatic-like 
pains and swellings, which maj' accompany any chronic infection, may 
bt‘ noted. J^iin of somi‘ description is rarely absent. A sense of 
fullness and w(‘ight in the region of the liver, which may be referred 
to the iijfrascapular region is commonly coinplained of ; stabbing and 
stitch-like pains may be increased by pressure, and especially by deep 
insjuration or coughing. Localized painful annis usually occur below 
th(‘ costal margin, and indicate that th(‘ abscess is pointing in that 
direction. Tain on swallowing, at the moment the bolus traverses the 
lower end of the (esophagus, has been recorded. Pain on firm pressure 
with the finger-tips in an intercostal space, and ov(T a liniitii'd area, is a 
common and valuable localizing sign. Pain in the shoulder is present 
in about on(‘-sixth of the cases, and may be the only symptom 
complained of. It may be noted before the advent of the fever. 

Attention may be drawn to the respiratory symptoms ; a cough 
of a painful character, possibly due to reflex irritation of the diaphragm, 
may be a prominent symptom, while the respiration may be rapid 
and shallow. The patient usually lies on his back, inclining slightly 
to the affected side ; if the abscess is on the right, lying on the left 
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side becomes distressing owing to adhesions, or possibly to pressure 
on the heart. 

The tongue is generally furred, the digestion disturbed ; flatulence 
and diarrhoea are frequently noted. There may be concurrent 
amoebic dysentery with blood and mucus in the stools. 

The area of hepatic dullness is usually extended upwards and down- 
wards, rarely horizontally. The upper line is not, as a rule, horizontal 
as in hydrothorax ; usually, on approaching the spine it turns 
downwards. 

The heart may be displaced laterally or upwards by pressure of 
the abscess when this is of a large size. Tachycardia and 
cardiac irregularities may result from toxic absorption or from 
pressure. 

Swellings in the epi- or h3»^pogastrium may bo noted, simulating 
closely intra-abdominal tumours, and in ap^TOxial cases their nature 
may not be suspected until they are aspirated ; varicosity of the e})i- 
gastric veins may also be observed. Local wdenia over one or more 
intercostal spaces is sometimes apparent ; local hulgmg usually indicates 
the pointing of the abscess (Fig. 63). 

Friction rubs, pleuritic or peritoneal, may sometimes be found ; 
while pneumonic signs at the right base indicate contiguity of the 
abscess to the diaphragm. 

The abscess may rupture into any contiguous organ, and tliereby 
produce spontaneous cure ; most generally it ruptures into the lung 
or pleura. When into the hmgy the abscess contents may be siuhbaily 
coughed up in mouthfuls of frothy pus and blood ; generally this 
process is much more gradual, a few drachms being brought up at a 
time, but in favourable cases the expectoration gradually diminishes. 
Amoebic abscess of the lung — often resulting from trans-diaphragmatic 
rupture — is liable to be mistaken for pulmonary tuberculosis. Amadae 
are not usually found in the expectorated pus, in which striated muscular 
fibres from the diaphragm may be recognized. 

Arrest of the discharge may not mean recovery ; cessation of the 
cough may be followed by a rise of temperature and reappearance 
of night-sweats. The alternate emptying and refilling of the abscess 
cavity may recur many times before recovery finally takes place. 
In some cases expectoration never ceases, and is accompanied by 
other signs of pulmonary absorption, such as respiratory distress and 
clubbed fingers. 

A sudden rupture is often accompanied by the passage of melaenic 
stools. 

The appearance of the expectorated liver-pus is usually pathog- 
nomonic, being chocolate-brown in colour and particularly viscid. 
When hsBmorrhagic, these cases are very apt to be treated as examples 
of tuberculous haemoptysis. 

Eupture into the pleura may lead to a suddenly developed pleural 
effusion, which may give rise to all the signs of empyema. Aspiration 



HEPATIC ABSCESS : DIAGNOSIS 


555 


above the line of the pus in these cases may yield a clear yellow and 
highly albuminous pleuritic fluid. Pneumothorax may occur. 

An hepatic abscess may rupture into the stomach, causing vomiting 
of pus ; into the bowel, causing diarrhoea and discharge of pus in the 
faices ; or it may burst, with fatal results, into the 'pericardium or 
peritoneum. Pericarditis in association, caused by close contact with 
the intrahepatic suppuration, has been recorded by Purcell. 

Finally, spontaneous rupture may take place through the skin 
of the abdominal wall, and the abscess thus empty itself in a painless 
and natural manner. This is the most favourable natural cure of 
liver abscess. The skin itself may become secondarily infected with 
amcebae. 

From a study of 50 cases under the Editor’s care it has been possible 
to set out the following table. 

Per cent. 


History of previous dysentery . . . . .60 

Entmua^ha histolytica or cysts . . . . .45 

Shoulder pain, ri^ht . . . . . .44 

„ „ left 4-4 

Pyrexia, intermittent . . . . . .77 

,, rernitUmt tyj)hoid-like .... 8 

,, sudden onset, rigors ..... 4 

Pyrexia absent . . . . . . .13 

Night-sweats ....... 82 

Dysenteric infiltration of bowel — 

Sigmoid flexure . . . . . .24 

Ciecum and sigmoid ..... 8 

Enlargement of liver, upwards . . . . .24 

,, „ downwards . . . .75 

Pain and tenderness in liver . . . . .57 

Displacement of heart ...... 8 

Associated signs at base of right lung . . .75 

Pleuritic rub . . . . . . . .12 

Rupture of abscess into lung . . . . .11 


Mortality. — Formerly the case-mortality was high, 50-80 per 
cent., but at the })resent day, owing to the use of ipecacuanha and 
emetine, and to recognition of the intimate connection of liver abscess 
with ammbic dysentery, the adoption of improved methods for the 
evacuation of pus, combined with medicinal treatment, has brought 
the mortality-rate to practically nothing. Death, when it ensues, 
may be due to pressure on the abscess, to rupture and gangrene of 
the abscess-wall, to pn(‘umothorax, to pneumonia, to associated 
dysentery or other intercurrent disease. Recovery may follow encyst* 
meiit or, possibly, absorption of the abscess. 

Diagnosis. — Of all the grave tropical diseases, none is so frequently 
overlooked as abscess of the liver. Acute sthenic cases are readily 
enough recognized ; not so the insidious asthenic cases. 
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The most common mistakes in diagnosis are : ( 1 ) Failure to recognize 
the presence of disease of any description, even when an enormous 
abscess may occupy the liver. (2) Misinterpretation of the significance 
and nature of a basal pneumonia — a condition so often accompanying 
suppurative hepatitis. (3) Attributing the fever symptomatic of liver- 
abscess to malaria. (4) Mistaking other diseases for abscess ot the 
liver, and vice versa — for example, hepatitis of a non-suppurative 
nature, such as that attending malarial attacks ; suppurative hepatitis 
before the formation of abscess ; syphilitic disease of the liver — 
softening gummata which are often attended with fever of a hectic 
type ; pylephlebitis ; suppurating hydatid ; gall-stom; and inflamma- 
tion of the gall-bladder ; subphrenic abscess due to ru])fured gastric 
or duodenal ulcer, or appendix abscess ; abscess of the abdominal or 
thoracic wall ; pleurisy ; encysted eiiipyema ; pyelitis of the rigid 
kidney ; billiarziasis ; scurvy and similar blood-diseases associated 
with hepatic enlargement ; ulcerative endocardit is ; kala-azar : 
undulant fever ; trypanosomiasis, tuberculosis, and malignant disease'. 
Any of these may be attended with fever of a lu^dic ty})e, increased 
area of hepatic percussion dullness, and ])ain in or about tin* livt-r. 

Differential diagnosis from suppurative cholecystitis without the 
aid of a “ shadowcoll ” examination may be particularly difficult. 

Cant]i(i originally classified pus in flu* neighbourhood of the livor 
into : 

(1) Suprahepatic abscess : 

(2) Intrahepatic abscess ; 

(8) Intrahepatic or subhepatic abscess. 

Suprahepatic abscess is not synonymous with what is known as 
“ Subdiaphragrnatic abscess.” By suprahepatic abscess is meaid the 
formation of pus between layers of the broad ligameid of the liver. 

Frequently a correct diagnosis can be arrived at oidy by rei)eated 
and careful study of the case in all its aspects. Golden rules in tropical 
])ractice are to think of hepatic abscess in all cases of progn^ssive 
deterioration of health ; and to suspect it in all obscure abdominal 
cases associated with evening rise of temperature and, this particularly 
if there be an upw^ard enlargement of or pain in the liver, It icocytosis, 
and a history of dysentery— not necessarily recent. 

Low pneumonia of the right base in a tropical patient should 
always be regarded with suspicion, for it may mean abscess of the 
subjacent liver. 

The presence of Eiitania'.ha histolytica cysts in the fa'ces is sugg(?s(,i ve, 
but by no means conclusive, of ainmbic abscess. They are found in 
about 45 per cent, of cases, and amoebae may occasionally be cultured 
from the faeces in cases in which they are not visible under the 
microscope. 

An X-ray examination may confirm the uj)ward enlargement in 
the liver, and bulging of the right dome ol the diaphragm, which does 
not move on respiration (Plate XVII) ; should, however, the abscess 
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l>p situated in the centre of the liver, even if it be of considerable size, 
no definite information is usually obtainable by radiography except 
when the abscess has become partially encysted, when the outlines 
become apparent to X-rays. Occasionally, however, as in a recent 
case of the Editor's, the outline of the liver abscess may show up as a 
men* opaque an^a in tb(‘ liver substance giving the exact location to 
the exploring syringe. Occasionally, too, after aspiration there is 
S(‘cretion of gas into the abscess cavity which presents a translucent 
appearance to X-rays. A blurring of the outline of the diaphragm 
occurs if the abscess is situated near the upper surface of the liver. 
The cardiophrenic angle becomes less acute and more aj)proaching a 
right angle, and this may form a valuable indication in the X-ray 
appearances. In absct'ss(»s of long standing the margins of the cavity 
may becoiiH' cndified and may then become visible to the rays, or it 
may pn^sent itself as a definite opacify (Plate XVIll). 

The bromsulphalcin and other liver function tests, as an indication c»l 
liepatie disease and liver abscess, have so far proved disappointing. 

Perhaps the mc^st common error is to regard the hectic fever of 
liver abscess as attributable to malaria. The regularity with which 
t he daily fevers recur, the daily chilliness or even rigor coming on about 
the same hour, the profuse sweating, and other circumstances so 
compatible with a diagnosis of malaria, all contribute to this mistake. 
So common is the (UTor that Osier said he hardly ever met with a case 
of liver abscess which had not been drenched with quinine ; and 
this has been the experience of others. Medical men have made this 
mistake not only in their patients but in their own persons. The 
periodicity of tlie fever, and the presence of a polymorphonuclear 
leucocytosis should obviate so serious an error. 

d'o mistake other forms of suppuration for liver abscess is of no 
great moment, because in many suppurative diseases the treatment 
is the same as for liver abscess, and no bad result need be looked for 
if diagnosis is not quite accurate. 

Intrahepatic suppuration may occur in ascaris infection, in 
melioidosis (p. 307), as the result of ascending pylephlebitis, as a 
metastatic plienomenon to diverticulitis and, rarely, by suppuration 
caused by a luemolytic Staphylococcus aureus. Large su})purating 
abscesses have bcaui reported secondary to duodenal ulceration, 
('arcinomatoses of the liver unaccompanied by jaundice may simulate 
amcebic abscess and, occasionally, a suppurating gumma. A right 
})erin(‘p]iritic absct‘ss may have to be considered, and the Editor has 
had a case which had been opened from above the diaphragm in the 
belief that the abscess was primarily hepatic. Subdiaphragmatic 
abscess may have to be considered also ; this is most commonly caused 
by perforation of a gastric or duodenal ulcer. An abdominal sw’elling 
can usually be recognized occupying a triangular area on the affected 
side. (:jas is usually present and can be recognized by a resonance in 
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the upper part of the swelling, which should distinguish it from liver 
abscess. 

A serious error, however, is to overlook the presence of leuco- 
cythaemia, kala-azar, pernicious anaemia, or scurvy, and to proceed to 
aspirate an enlarged liver on the supposition that the symptoms arise 
from abscess. 

Amoebic abscess of the liver which has ruptured through the 
diaphragm may have to be differentiated from many other pulmonary 
conditions, such as broncho-pneumonia, tuberculosis, actinomycosis, 
and malignant disease of the lung. 

Diagnostic asjnration , — In order to make the diagnosis of liver 
abscess certain, aspiration must be resorted to. When the needle 
enters the liver, an up-and-down pendulum-like movement will he 
communicated to its outer extremity, in harmony with the rising 
and falling of the organ in respiration. If the needle does not exhibit 
this movement, its point may be in an a])scess cavity, but such an 
abscess is not in the liver. 

Prognosis. — The prognosis in early operations on single absc(*ss 
of the liver, provided there is no dysentery or other complication, is 
good. In multiple abscess, or in single abscess, if th(‘re is active 
dysentery or other serious complication, the prognosis is had ; if 
there are more than two or three abscesses, it is usually ho})eless. 

The question of return to the tropics after recovery from liver ahsc(^ss 
frequently crops up. If feasible, and if the patient has not to make 
too great a sacrifice, ho ought to remain in a temperate and h(*althy 
climate. There are many instances, however, of individuals who 
have enjoyed permanent good health in the tro])ics after recovtTy 
Irom liver abscess. Before giving permission to return it should be 
ascertained whether the bowel is thoroughly cleansed of amodjic 
infection. Neglect of this precaution may lead to reinfection from 
the bowel and recurrence after a period of seven yt'ars from the forma- 
tion of the first abscess. 

Treatment. — Hepatitis which has not procecKkal to abscess- 
formation should he treated, especially if dysent(‘ry he pn?seiit or 
has been antecedent, with full doses of emetine, repeate I once or 
twice a day for two or three days or longer, by a cautious use of the 
purgative sulphates, and with poultices, rest, and low diet (see p. 544). 
Emetine should be injected in 1-gr. doses up to a total of 12 gr., and 
if cysts of E, histolytica are present in the stools, by a combined course 
of E.B.I. and yatren (quinoxyl.) If there be much })ain, relief 
may be afforded by either wet- or dry-cupping over the liver, or by 
leeches. Ammonium chloride, 20-gr. doses, three times a day, is also 
commonly prescribed. 

When the occurrence of rigor, or the development of hectic fever, 
or the appearance of local bulging, or the pc^rsistency of the fever and 
of the local symptoms, gives ground for suspecting that abscess has 
formed, active medication must be suspendf^d, and measures taken 
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without unnecessary delay to locate, by means of the aspirator, the 
position of the pus. 

Prelwimary aspiration . — When he uses the aspirator the surgeon 
must he prepared to continue till all the pus is evacuated, or under 
exceptional circumstances, operate. 

Deep cocaine anjesthesia usually suffices, but nervous subjects 
should undergo general narcosis. A medium- or full-sized aspirator 
needle should be used, as the pus, owing to its nature, may not flow 
through a cannula of small bore. 

If there are localizing signs, such as a tender spot, a fixed pain, 
a localized oedema, localized pneumonic crepitus, pleuritic or peritoneal 
friction, these should be taken as indicating, with some probability, 
tlie seat of the abscess and the most promising spot for exploratory 
puncture. If none of these localizing signs is j)resent, then, considering 
the fact that the majority of liver abscesses are situated in the upper 
and back part of the right lobe, the needle should, in the first instance, 
be inserted in the anterior axillary line in the 8th or 9th interspace. 
Effusion of serum into the pleural cavity immediately adjacent to the 
liver abscess sometimes occurs. 

In cases with cardiac or pulmonary embarrassment, aspiration can 
be efficiently carried out under local infiltration of skin and muscles 
with 2-per-cent, novocain, to which is added 1 : 1000 adrenalin in 
the proportion of 10 drops to the ounce. Thf passage of the needle 
through the liver substance is painless. Should, however, the abscess 
point into the abdominal cavity, a general anaesthetic is advisable, 
for an open operation may become necessary. Occasionally the pus 
proves to be so viscid that complete evacuation takes an hour or more 
to complete ; in these circumstances eusol in saline (half-strength) 
should be injected into the abscess cavity in order to dilute it. 

A thorough course of combined emetine-bismuth-iodide and 
quinoxyl should be given as an after-treatment to operation in order to 
eradicate the infection from the bowel. 

Open operations . — The open operations for liver abscess performed 
in English practice will now be described. The choice of the ansesthetic 
must be left to the surgeon. If general anaesthesia is desired, gas and 
oxygen may be used, but success is usually obtained by means of deep 
infiltrating local novocain anaesthesia. 

The route for opening the thoracic or abdominal wall varies accord- 
ing to circumstances as follows : 

Transperitoneal route . — When pus is struck below the costal margin, the 
aspirator needle is left in situ and the abdomen is incised for a length of 3 in., 
the intestines being guarded with packing. If adhesions are present, a sinus 
forceps is directed along the needle and pushed through into the abscess, 
and the blades are opened after withdrawal of the needle. The finger should 
bo inserted into the abscess cavity. When the first gush of pus ceases, the 
exit is hghtly plugged with gauze and the margins of the liver wound are 
carefully sutured to those of the parietal peritoneum, and the remainder of 
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the wound closed. The gauze plug is now removed, and a wide drainage- 
tube, provided with a hange and lateral openings, is introduced to the bottom 
of the abscess cavity. 

Transpleural route. — Should the abscess be struck through an intercostal 
space, a couple of inches of rib had better be resected. The diaphragm 
should then be stitched to the thoracic wall, or, better, to the skin as well, 
when the abscess may be opened with a forceps. An attempt should be 
made to stitch the capsule of the liver to the diaphragm. Should the pleura 
be opened, pneumothorax will result, but this is not necessarily a serious 
contingency. On no account should pus be |X‘rmitted to enter the pleural 
cavity.^ 

Treatment after operation. — For the first two days after a liver abscess 
has been opened the discharge is considerable, and the dressing may have 
to be changed frequently. Very soon, however, should the case do well, 
the discharge rapidly diminishes, and the dressing requir(‘s renewal only 
every other day, or every three or four days. During the first week th<* 
drainage-tube, provided it be acting efficiently, should not be disturbed, 
more particularly as it may be difficult to replace. ],(ater, it may be removed 
and cleaned, and, when discharge has practically ceased, cautiously shortened. 
It is a grexxt mistake to begin shortening the tube before it is being pushe/i out. 
or so long as there is any appreciable discharge. If there is tlie slightest 
indication, such as rise of temperature, that jius is being retained, the drainage 
must be rectified and the sinus, if necessary, dilated with forceps and fingei-, 
and a full-sized drainage-tube introduced as far as it will go. If this does 
not suffice, a counter-opening may have to be made. Delay in remedying 
imperfect drainage is a serious — it may be fatal — error. 

Should an abscess on being opened be found to be sejitic, or should it 
become so, it must be flushed out daily, or twdee a day, with a w^eak non- 
mercurial antiseptic, and a counter- opening made if necessary. Continuous 
drainage by the Carrel-Dakin tube method and daily eusol irrigation is often 
very successful. Where there is a thick necrotic zone delimiting the abscess, 
this continuous irrigation is highly necessary, and in order to dissolve the 
thick pus the injection of a ferment— enzymol (Fairijhild) in the strength 
i^f 1 drachm to the ounce of water— is a useful adjunct. 

iVfter a liver abscess has been opened and is draining well, kmiperuturi; 
rapidly falls, and in a few days, or almost at once, beconu's normal. Should 
fever persist, it is to be inferred either that the drainage is inefficient, or that 
there are more abscesses in the liver, or that there is some complication. 
If it be deemed that there is another abscess, this should be sought for w ith 
the aspirator and, if found, drained. 

It is advisable to give emetine in 1-gr. doses hypodermically , both before 
and after operation, and continue it for a fortnight, w hichever operation is 
employed. 

If any symptoms of hepatic inefficiency due to extensive destruction of 
liver tissue are noted, the presence of diacetic acid or a high ammonia co- 
efficient in the urine should form an indication for the oral or rectal adminis- 
tration of glucose and sodium bicarbonate, or in some cases f or the intravenous 
injection of these drugs in 5- to 10-per-cent, solution. 

Discussion on the merits of various recognized methods of treat- 
ment in liver abscess. — The question is frequently and very reasonably 

> If pleural and peritoneal adhesions are not pro»ient, it is usually advisable to pack the 
cavity with gauze, and complete the operation in two days’ time. 



Radiograph of liver abscess bursting through the diaphragm into 
base of right lung, whence the pus is being evacuated through a branch 
of the right bronchus. A collection of pus in pleural cavity; 
B valve- shaped opening through diaphragm at site of abscess in 
liver, casr. Jxudio^^'rap/; hy J*y. M . iirrry.) 
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HEPATIC ABSCESS : TREATMENT r)(.I 

ankod why ho many mcthiKlH of treatment, medical as well as surgical, ai*e 
employed in the treatment of Jiv(;r abscess, and only some abscesses respond 
apparently to injections of emetine while in others the course of the disease 
is in no wise modified by this drug. The answer ajipears to the h]ditor to 
he moderately simph*. The Editor rc^gards the asfiiration of the abscess 
(cavity by Potain’s aspirator to be the safest and most easily executed metluKi. 
Sometimes mon* than one asjiiriition has to be (;arried out. If the pus is 
very thick, aspiration may be difficult and may be facilitated by injection of 
diluU* eusol into th(‘ abscess (tavity, so that after aspiration a course of emetine- 
bismuth-iodide and yatren may cure the patient permanent!}' and there will 
b<* no recairrence. In the Editor’s exyierience almost 28 p(T ( (uit. of cases 
diagnosed as hejiatic (ibsiress resolve w'ith em(‘tine-therapy (12 gr.) followed 
by th(' customary combined treatment. In thest; probably th(‘ formation 
of pus has not been extensive and the anueba? are still active. In 47 per (cnt., 
as[)iration with Potain's aspirator, combined with emetine treatment, is 
successful. TIut(‘ still remains a jiroportion of cases (25 ])er cent.) in which 
o]K‘n o|»eration has to be resorted to and emetiiu^ tlu'raj)}' has no a])preciable 
I'fba t whatevi'r. T}i(‘se are the* ca.ses where a large amount pus is present 
and wh<*r(‘ it is usually secondarily infea-ted with stn^fitcjcocci, Bacillu-s culi 
and, as in a r(‘cent case, with />. ftifcritldis. It is disappointing to liave* t(j 
re(‘ord that prc'vious thorough treatment of intestinal amrebiasis with E.B.I. 
and yatren d<H‘s not always ])revt‘nt the subsequent development of hepatic 
abscess, 'fhe Editor has had this experience on three occasions, while 
Biggam has nqiorted it twi(;e. 

Treat nteni of aljscess disclianjitKj through the lung . — In the case of 
absci'ss discharging through the lung and, although emetine has been 
freely administered, not })rugres.sing favourably, tlie question of obtain- 
ing more ellicient drainage by surgical means must be considered, 
'flien^ are two possibilities which render interference desirable : 
(>/) ('onthmed discharge of jius and blood, witli or without attendant 
lu'ctic fe\'er : a condition which, if it persist, will, in all probability, 
in tin* end, kill tlu' jiatient. {h) Not infrequently, prolonged discharge 
through the lung may induce fibrotic cliangi'S in that organ, or may 
giv(‘ ris(' to pmaimonia, or to al)sc(*ss of the lung with all its attendant 
dangius, such as thrombosis or absc(‘ss of the brain. (Idate XIX.) 

In all cases of abscess discharging through the lung a careful 
r(‘gister sIkuiUI b(‘ kc*pt of tliree things — body-temperature, daily 
amount and cliaracter of expectoration, and, once a week, the weight 
of the patient. If temperature keeps up, if the amount of pus con- 
tinues the same or increast*s, or if the patituit continues to lose weight, 
an att(‘mpt should be made at all risks to reach and drain the abscess 
from the outside. If temperature rtanains normal, if pus gradually 
or intermittently decreases, and if the body-weight is maintained or 
increases, operation is unnecessary, or, at all events, should l)i‘ 
deferred. 

IMedicinal treatment with full doses of ipecacuanha and emetine, 
maintained over a long period, generally exerts an instantaneous 
and almost liiiraculous effect upon these cases, and renders operative 
interference inadvisable. 
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In exploring the liver in such cases, it must be borne in mind that 
most likely the abscess cavity is collapsed, and that the sides of the 
abscess may be in contact. Such an abscess is not likely to be dis- 
covered unless the needle be thrust into its full extent and, whilst 
a good vacuum is being maintained in the aspirator, slowly withdrawn. 
If by good fortune the abscess has been traversed, then, when the 
end of the needle is crossing the cavity, a small amount of pus will 
be seen to flow. 

Treatment of abscess rupturing into a serous cavity. — When there 
is evidence that an abscess of the liver has ruptured into the ])eritoneiini, 
into the pleura, or into the pericardium, tlie particular serous cavity 
involved must be opened at once and treated on general surgical 
principles ; otherwise the patient will almost surely die. In the 
circumstances the surgeon will be justified in assuming great risks. 

2. AMCEBIC ABSCESS OF THE BRAIN 

According to Armitage, 48 cases of amoebic abscess of the brain 
have been recorded, for the most part from Egypt. Like lu^patic 
abscess, it is more common in men than in women. It is generally 
solitary, and may be regarded as a metastasis of hepatic al)scess. 
During life it gives rise to various cerebral pressure symptoms and 
is invariably fatal. 

8. AMffiBIC INFECTION OF THE SKIN AND SUBCUTANEOUS TISSUES 

Since 1892, it has been known that occasionally aiiKebic invasion 
of the skin in the vicinity of a discharging liver-abscess sinus may take 
place. When recognized, the ainmbie may la* demonstrated in sections 
of the skin, and they are extraordinarily susceptible to the action of 
emetine. Gangrenous lesions of the abdominal wall and p(‘rineum hav(; 
been noted from time to time, especially by Engman and Meleney (1981). 
Hsu in Peiping, China, has described a series of fourteen cases and has 
shown that the condition is by no means rare. 

Amcebiasis cutis occurs as a secondary infection of papillomata in 
the anal region. The lesions are punched-out, resembh'ng in this 
respect amcebic intestinal ulcers. The author had a case, involving 
the parietes in the vicinit}" of a colostomy and invading the abdominal 
wall (Fig. 66), in a patient who was proved to have active amoebic 
dysentery. The response to emetine therapy was instantaneous, and 
almost miraculous. A very extensive gangrenous destruction of the 
buttocks and skin of the back was seen in St. Mark’s Hospital, 
London, in an ex-soldier who had served in India fifteen yiiars previously. 
He had never suffered from amoebic dysentery, tliough E. histolytica 
cysts were present in the faeces. The lower part of the rectum, the 
pelvic floor and the perineal tissues had been destroyed. In this case, 
also, the response to emetine therapy was remarkable. 
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4, 5. AMG^BIC ABSCESS OF THP] SPLEEN AND OF THE EPIDIDYMIS 
Of these complications, the former, which is very rare, is usually 
associated with hepatic abscess. The latter has once been reported in 
a case from China by Warthin. 

6. UIIINAKY AMCEBIASIS 

A number of uncritical papers have appeared from time to time 
dc‘scrihin<^^ as anueba^ in ihe urine largt^ prostatic or other inflammatory 
cells which may he ])r(‘S(‘nt in sul)acute cystitis or prostatitis. When 
g(‘nuiiu^ K. Jiistolijiira in the vi‘g(*tative form is present in the urine, 



Fijc:. 66. Amcebic granuloma and ulceration of abdominal parietes surrounding 

colostomy. 


it is diu' to a flstula bedween the bladder and the ulcerated rectum, as 
in the case reported by Craig (Ifll 1). Amcebic ulceration of the urethra 
in the male, as well as of the cervix uteri in the female, has been reported 
by Jisu in China, and tlu* amenbae have been demonstrated in micro- 
scopic sections. Then^ is no evidence at present that embolism of the 
kidney vessels by ammba^ derived from bowel ulceration does take 
place, as suggested by Manohar (1936). 

7. PULMONARY AMCEBIASIS 

The type of case designated under this heading is quite distinct 
from those of pulmonary abscess secondary to the liver, in which 
infection of the lung tissue results as direct extension from the hepatic 
abscess or by actual rupture into the bronchus. 
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In primary pulmonary amoobiasin it is assumod that Uh' taitammba* 
reach the by direct embolism from' tlie gut-wall. Having 

I - I A ' !;^l gained the pulmonary circulation, 

~~~ l\ c? ^ they form ftrm consolidated noduh'S, 

' . ~ T 4 ^ which later break down into siiiall 

c abscesses. The symptoms produced 

— tr\ E in these (*as(‘s, of which the Editor 

! ■ I- in ® has reported three, n‘send)le clos(‘ly 

" I Q g thosi* of a fugiiiv(‘ hroncho-j)neu- 

L_ ^ *“ monia or sona' form of tuher(*ulous 

ujA^ _ _ __ M _ i n h 1 1 ra tioi i . 

^J’he pati(Mits, who hav»‘ Imhmi al 

^ ujev^ , ■ - \h--' I I some time the subjects of anaebic in- 

^ ujev I "">5 fection, comim'uce to suffer from 

{__ j)ulmonarv symptoms, with profuse 

■■■ I imrukait exja'ctoration, somfdimes 

i -o - tingtal with blood, and, it may Im', 

-^UJrr f-\- respiratory distn'ss and int(Tmittent 

1 ^; pyrexia. They are, howt*ver, subject 

3 I from time to tina* to ^•iol('nt rigors, 

E.^ a. feature which s(‘r\'(‘s to differentiat<‘ 

^ r . ^ t}a‘se cases on clinical grounds from 

^ other res})iratorv diseas(‘s which tla-y 

_ ^ iDjjy closely simulate. The j)liysical 

^ ^~i:" j =1 signs ])roduc<ed in tla* lungs vary 

~~~| ~ very much, but are usually those 

^ jc of broncla)-pia*una)nic consolidation. 

_ i-i patches of which are usually detect- 

3 - ■ able at tla‘ border of the 

scapula, (‘Specially on th ( right sidi'. 
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? i ® Skiagrajdiy is of little avail in 

i * 7^1 diagnosis. Tla^ entamod)a‘ have, si» 

^ 2 = hir, not been found in th(‘ s})utum, 

_ I’"^ though tlaTc is, as a rule, a distinct 

1“ leucocytosis. Th(‘ n' pons(^ to 

L| — -p : t* (‘iiadEa* or ipe(*acuanhi tr atment is 

— ^ i I as rapid as it is remarkabe* (Ehart 

4 E ‘24). A full course of (‘iiadine in- 

— [_^Ln--»lLj — — : ^ jections should be giv(‘n. 

? X ! I 

>je Z HALANTIDIAL 1 )ySf:N1’f:itV 

0 i I ^ 'il r 1 

2 f •• I I ^ f " I X 'I’lie o(u.;asi<)nal o<‘currciic»‘ of 

I fi ‘s O I ’S s ‘fe (-> co//in the faarcs, partieiilarlv 

~ ■“ iu association wit li dysenteric diarrhd'a, 

lias been recognized for the last fifty years. It is only since Strong and 
Musgrave called attention to the subject tliat iiaUintidium roll has (;onie to b(^ 
regarded as the germ cause of a particular type of (H)litis n'sernbling in many 
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respects aiiicebic dys(3ntery. The parasite has been studied from the zoologi- 
(ral standpoint, more especially in temperatt; climates, but it sticms probable 
that extended observations will show that the balantidium is equally if not 
more prevalent in wann climates. It is a common j)araHite of the pig, and 
produces a I'atal form t>f dysentery in monkeys in captivity, especially 
chinq)aiizees. Human cases have been re])ort(‘d all over the world, but 
(‘Specially from fh'rrnanv and France ; those who tend domestic pigs art' 
exceptionally liable. Mackenzie and Hean (1938) recorded the first casc3 in 
luigland in a mental })atient. 

How it attains the human int(‘stine is not known, but as it is a common 
j)ara8it(* of tlie |)ig, these animals are the usual source of infection, although 
the balantidium may live for a considerable time in water or heces (one hour 
to three days). In li(p]id sto(»ls it exhibits great activity, indulging in loco- 
motive as well as in rotary mov(‘ments. 

The parasite has been grown on artiticaal media by Barret and Yarbrough, 
using a mixture of inactivated human serum with O r)-})er-cent. of salt solution 
in th(3 j>roportion of I : lb. 

For description, see j). 870. 

Geographical distribution. — According to Prowazek, balantidiasis in 
man has been reeord(‘d from Russia, Scandinavia, Finland, (iemiany, Austria, 
Holland, Italy, Sib(‘ria, China (Tsingtau), Georgia, the Rhilip])in(‘s, Cochin 
China, Andaman Islands, Sandwich Islands, Kgy])t, and the Sudan. Two 
cases hav(* been r(*])orted from North .•\m(‘rica, others in Brazil. Porto Rico, 
and Cuba, and one from l^ngland. 

Pathology. — In the gross as well as in the microscopic pathology there 
is little or nothing to distinguish the structure from that of amcebic ulceration ; 
the organisms have been found by Martini and WalloT in the substance of 
the mesenteric glands. 

In thirty cases in which autopsies have b(‘en made, a variety of dysenteric 
lesions, from catarrhal congestion and diphtheritic patches to exRaisive 
ulceration, were found. On section. Strong demonstrated the balantidium, 
not only in exudates on the surface of the bowel, but congiTgated in large 
numbers in the follicl(‘S, and (‘inbedded in the tissues forming the base of 
the ulcerations, including tin* submue(3sa and muscular coat, and (‘ven in the 
lumen of blood-vessels and lymphatics. Bowman stated that the colon 
may l)e affected throughout its whole extent with a mass of ulcers from 
which hang shreds of necrotic tissiu* lesions rt‘seml)ling those rjf aino'bic 
dysentery. 

Symptoms produced by balantidial dysentery are, in the present state of 
knowk*dgc, indistinguishable from those of ammbic dysentery. The disease 
is chronic in type, its special natures being discoverable only on microscopic 
examination of the stools, (lenerally only one or two balantidia are found, 
but as many as tw(‘nty may be seen in every field of the microscope. The 
blood usually shows no change ; tluu'e is no leucocytosis and the polymorphs 
number 70 i>cr cent. d'h(‘ ap])('aran(‘(‘ of the id(*erations in the bowel, as 
seen by sigmoidoscopy, resemble those of intestinal aino'biasis as described 
by Mazza, Alvarado and Schurmann (1932). 

Treatment. — Walker finds from his experimental work that organic 
compounds of silver are the most effective in eradicating the infection. 
Thymol has been recommended, and oil-of-chenopodium treatment, as in 
ancylostomiasis, has been reported to be succ*essful. himetine injections ai*e 
said by Ki})s<‘hidse in Georgia to giv^e the beat results, (^arbon tetrachloride. 
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in drachm doses, followed by salts, is claimed to be effective in b^gypt. Yered 
has tried a new remedy — Carobinase — a watery extract of JacaramUi decurrenSy 
25 grm. in 500 c.c. of hot water, which is given as rectal lavage for three weeks. 

III. HELMINTHIC DYSENTEEY 

Bilharzial dysentery. — Adeno-papillomata or ulcerations of 
the large intestine caused by the passage of eggs through the coats 
of the intestinal wall, occur in infections with IHlharzia vtansoni, 
B. japo7iica, and exceptionally with B, hcrmaiohia. The form of 
dysentery produced by these lesions is met with in those countries 
in which these parasites occur. 

The stools typically contain yellow or bib ‘-stained mucus with 
clots or streaks of blood, in which the eggs can be found under a low 
power of the microscope. Eosinophilia in the blood, togethcT with 
symptoms of dysentery, is highly suggestive, and the diagnosis should, 
if possible, be confirmed by the discovery of the characteristic eggs 
in the faeces. A sigmoidoscopic examination by which the charac- 
teristic lesions may be visualized will help in doubtful cases. In 
making a microscopic examination of the faeces, the ])atliologisl. should 
remember that the eggs are more easily found in the outer zom‘ of 
solid faices than in more fluid portions {sue }). 785). Usually the pus 
cells in the fieces contain a high proportion of ('osinopbiles. 

Infection with (Esophagostomum apiostomum and O. 
stephanostomum (p. 987). — Idiese are rare intc'stinal parasit(*s of man 
in Northern Nigeria and Central Africa, but when present, in large 
numbers they give rise to dysenteric symptoms. The adult worms 
encyst under the submucosa, and may, togetlua with its eggs, b(‘ 
recognized in the dystaiteric discharges. 

Infection with other helminthic parasites. — Chronic diarrlio a 
and dysenteriform attacks are occasionally not(‘d in intestinal infections 
with Fasciolopsis buskii (p. 894), Baragonimm wester iiiatrii (p. 901), 
Heierojihyes heterophyes (p. 899), and Strongyloides slercoralis (j). 889). 

DIFEEEENTIAL DIAGNOSIS OF THE DYSENTEEIES 

Mixed infectio7is of all the different forms of dy sen ter} may, of 
course, occur in those countries in which these diseases are endemic. 

Double infections of amadiic and bacillary dysentery are the 
most frequent. Such cases do not usually occur in tem})erate countries, 
but during the course of severe epidemics of bacillary dysentery, when 
bacillary infection may supervene upon a long-standing ammbic 
ulceration of the bowel. On the other hand, a bacillary infection may 
be followed by an airKX'bic invasion of the bowel, which makes the 
matter of diagnosis more difficult still. 

Bacillary dysentery occurs commonly as a terminal event in 
intestinal bilharziasis, and ammbic ulcers are sometimes recognized 
as a concurrent infection in the same condition. 
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Giardiasis.”^ — In addition to E, histolytica, E. coli, and Balantidium 
coli, certain other protozoa occur from time to time in the intestinal canal 
and appear in the faeces. Of these, j)erhap8 Oiardia (Lamhlia) intestinalis 
has the best claim to be regarded as pathogenic. The usual habitat of the 
parasite is in the upper part of the small intestine, but it may also heavily 
infest the duodenum. When newly passed in the faeces it is very active, 
presenting a characteristic apj>earance. During the passive stages the cysts 
appear in the faeces in enormous numbers, and are often associated with 
those of E. histolytim . They are generally found in the faeces of about 4-16 per 
cent, of normal natives of the tropics. Other forms are found in mammals 
and in reptiles, and one in the mouse, Oiardia muris, is closely allied to the 
human form. In children giardia infection is three times as common as in 
adults. (In America 48- 1 per cent, of industrial school children.) Fora 
description ol the j)arasite, see p. 866. 

Numerous observers have brought forwanl evidence of the pathogenicity 
of the parasite on the grounds that it is found in an active state and in large 
numbers wlien the stools ar(‘ lirpiid, and that quantities of mucus are passed 
containing numerous parasit(‘s. 

In b.ngland and in Canada the parasite has been found in the intestine 
of a larg(‘ percentage of normal children, while Boyd, Silverman, and others 
hav(‘ shown that it can be demonstrated quite commonly in the duodenal 
ju (e removed by Kinhorn’s tube, as well as in the bile ; it has also been 
recorded in the gastric contents. 

(bardia infV^ition is associated at times with a type of recurring diarrhoea 
accompanied with abdominal discomfort. The stools may bo of a peculiar 
clay colour and of a pultaceous consistence, and may resemble those of sprue 
or, in children in England, coeliac disease (R. Miller, 1926). On recovery 
from oue of tliese attacks only the enevstt^d forms can be found. Relapses of 
a periodic tyf)c tend to occur, but eventually tolerance of the parasite appears 
to be ac(juired. Flatulency is almost invariably present and escapes when 
the stool is passed. In the acute stage the abdomen is tender and there is 
geiK'ral discomfort. The attack is not accomi)anied by emaciation, and 
sym])toms ])robably originate from the mechanical action of the parasite, 
find not to an ac tual k‘sion of the mucosa, though in mice, in which these 
parasites cause diarrhcea, they may be found in the submucosa in sections 
of the gut. (bardia infections are especially intractable and may persist 
for years. Hc^gner considers that the number of these parasites is dej>endent 
ujjon the diet of the individual, for they disappear from the faeces when 
the ])atient is fed u])on a meat dietary. 

Treatment. — It is extremely difficult to Ue certain that complete 
extirpation of tliese protozoa has been procured, for giardia frequently 
reappear in numbers in the fa*ces after an absence of several months. 
A])parently t.hc^ jiarasite itself is subject to periods of great activity 
followed by pi^iods of quiescence. 

A form of treatment wl.i(4i so far has appeared to be successful in the 
Ikh tor’s exj)erience is^ high colonic lavage by means of the apparatus known 
as the Studabath. Large quantities of fluid, 10-20 litres, are run continuously 
into the large bowel by means of a two-way pipe, an hour or more being 

' Giardiasis or lainbliasis is mentioned in tliis section for the sake of completeness, 
although the diarrhoea associated with the parasite cannot strictly bo classiiied as a dysentery . 
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taken over the process. The fiiiid employed is a solution ot ehamoniih^ 
{Kamillosan). Several of these treatments have to be yiven. Local treat- 
ment should be combined with a high protein dietary, consivsting mostly of 
r('(l meat (Hegner). 

llismiith salicylat(‘ may also be given in draehrn doses three times daily. 

L. ]lruiuj)t advocates quinacrine (the Trench ])re])aiation of atebrin) 
V)y the month in tablet form, in therapeutic doses, as specific for this 
parasite. Ifecenlly other observers have substantiatial this claim, and 
it ap])ears that in atebrin vve have the long-songbt-for specific drug for 
giardiasis. It ap]H‘ars to be effective whcai givcm l»y the montli or 
injected snbciitan(H)Usly in the form of th(‘ niHsondte. Tlu' course is 
descri])ed by (larin and Mafli as follows : Thret* 10 cgm. tablets of 
(liiinacriiK^ (atc'brin) for five* consecutive days : for eliildren of te'ii years 
or more, 2 tabh't s, oi^e at midday and one in t he (*vening for four days. 

OTHER FORMS OK DIARRIKEA AND DVSEN^rERV ASSO(TATEl) 
WITH INTESI’INAL RARASITES 

The common intestinal flagellates. Trichon on tonus intest inuUs and Chilo- 
inustix niesnili {see j)p. HtU 5), though occurring commonly in diarrho*ic and 
dysenteric stools, have little claim to pathogenicity ; they are frequently 
present in large numbers in the fluid heces of ]>aticnts convalescing from 
bacillary or ama*bic dysentery. Probably the j)r(*sence of large numb(*rs of 
these flagellates in the bowel conbuits is due, to a grt'at exUmt, to the fluid 
medium in which they live ; but when a case of (rhronic diarrheea is en- 
countered in which no other obvious signs (van be found, and where large 
numbers of active flagellates are lashing about in the liquid faeces, it 
becomes difhcmlt not to assign a pathogenic role to these a|)parent agents 
of disease. Hence the term flagellate dysentery, a term which probably 
designates that the human host has been exposed to an abnormal degree 
of intestinal infection. As n^gards treatment, these onranisms disappeai' 
after vigorous lavagt; of th(‘ intestinal canal by irrigations of 2-per-cent, 
sodium bicarbonate, aided by stovarsol (gr. 4), or spirocid, in similar dose — 
two tablets daily, given by the mouth, for eight to t<m days. 

SpirochaTal dysentery is said to be due to the presence of numbers of 
spirochaetes in the intestinal canal. These organisms are composed of three 
or more simple spirals, and are known as Sjnrochoita eurygitmta ]>ut they 
are not now regarded as j)athogcnic. 

Intestinal coccidiosis has to be considered, especially the organism 
known as Isospora {sec p. 8b8), which causes diarrheea with mucus and 
appearance of Charcot-Leyden crystals in th<' (*xcreta. Eases hav(* been 
reported from all over the world, but especially from tlu* Near East and the 
Dutch East Indies. 

“ Malarial dysentery.’' — A blood-stained discharge, or more fn;quently 
intestinal haemorrhage, may occur in the abdominal forms of subU^rtian 
malaria ; the blood passed is very dark, due to petechial hsemorrhages into 
the intestinal mucosa. These are, as a rule, very serious cases. Instances 
have been recorded by the Editor in which njalaria was first suspected by 
the discovery of the parasite wdthin the red blood -corpuscles passed per 
lectum. Besides the hreraorrhagic apjiearance of the faeces, the clinical 
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aH[)ect of the patient, the sweating, the icteric tint of the sclerotics and skin, 
and the enlarged spleen should suggest malaria. Violent diarrhma may be 
the one outstanding clinical sign of an inteiisiv(^ subtertian malaria infection. 

“ Kala-azar dysentery.”— Blood and mucus may be passed in the 
I'rcces in advanced cases of this disease ; this is thought to be due to an 
ulceration of the bowel by the Leishman- Donovan l)ody. The parasites an* 
])resent in large numbers in the villi of the small intestiiu's, and may even 
form [)olypoid masses in tlie mucous membranf* of tiie large inU‘stine, and 
have be(‘n found in the ficees. 

Other conditions which may resemble dysentery.— There are other 
jK^rhaps more familiar conditions, not necessarily of tro[)ical origin, in which 
dysenteric symi)toms may occur. Th(‘y must be briefly mentioned. 

Of all familiar diseases with whi(*h dysentery of a mild form is confused, 
lh(‘ lirst place must Ik* given to intf'rnal hannorrhokh. In this instance a 
correct diagnosis is readily made. Again, profuse offensive diairlueic motions 
with blood and mucus may be passed in tuherrular ulreration of the large 
bowel, w hich is com[)aratively common in the tro})ics. Colitis, of tht* ulc(*ra 
tiv(*, membranous, and fuvmorrhfigir varieties, r(*sembles bacillary and 
anuebic dysenteries in clinical features and in the character of tht* stools, but 
can easily be differ(*iitiat(*(l by microscopic examination of tht* fan*es, as well 
as by the sigmoidoscope. Idiojtathic ulcerative colitis (colitis gravis) is 
l)ecoming incrt'asingly common. It is undoubtedly a disease sui generis and 
is distinguish(*d by ])yr(*\ia, toxa*mia, intense aiuvmia, a tendency to spon- 
taneous cun*, and great liability to relapse. A very intense form som(*tim('s 
arises in uramiic states {*()nst‘(jU(‘nt uj)on cystoscopy or instrumental investiga- 
tion of the gcnito-urinary tract. Mucous colitis^ or the syndrome which is 
commonly know n under that naim*, is a frequent sequel of both bacillary and 
aimebic dyscnt<‘ry and is frecpiently being confused with both. St/(‘rcoral 
ulceration pnxbiced by chronic constipation, and often associated with 
myxeedema, may give rise to a blood-and-mueus dis(*harge. ( Vrtain surgical 
conditions .s‘i///p/c poh/pus, malignant diseases, intussusception or even 
svjdiilitic (lis(‘ase of flu* rectum, or rectal stricture in lymphogranuloma 
inguinale ([>. tibO), the diagnosis of which is easily d(*termined by a digital 
(‘xaminat ion- should be kej)t in mind. Polyposis of the intestine is a ver\ 
distr(‘ssing condition which may become malignant. A foreign body in the 
lectum is another j)ossible diagnosis. 

Blood and mucus is often jiassed in the condition known as dicerticulitis, 
and this is common in tropical practice. In chronic mercurial poisoning, an 
ulceration of the large inU'stinc may produce dysenteriform stools, and in 
})aratyphoid infections a similar condition may be met w ith. Food poisoning 
due to m(‘mbers of the Salmonella group may sometimes give rise to confusion. 
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SPRUE AND HILL DIARRHCEA 

Synonyms. — Tropical Diarrlicra ; A])litlicT Trc)i)ic{c ; Psilosis ; Ceylon 
Sore Mouth. 

Definition, — A peculiar and dangerous form of chronic intlanmia- 
tion of the whole or ])art of tlu* mucous iia'nihrain* of the alina'iitary 
canal. Although a disease of warm climates, it may develop for the 
first time in temi)erate countries : only, how(‘ver, in individuals who 
have previously resided in tln^ tropics or subtropics. 

History. — Sprue was first described by a Dutclnnan, V. Ketclaiu’, in 
1669, and then by Hillary in Rarbailos in 1766, but the bu’in sprui' " was 
first applied to the disease when it was rediscovenHl indepimdently by \ an 
der Burg in Java, and by Patrick ^lanson in Amoy, Cliiiia, in ISSO. Since 
that time, it has been found to be a comparatively common in the tropics. 
A somewhat similar disease has been recognized in northern Purope and has 
been termed non-tro})i(‘al sprue ” by Phaysen in 19J2. 

Geographical distribution.— South China, Manila, Cochin ('hina, 
Java, the Straits Settlements, Ceylon, India, Manritiii.s, a f(‘w cas(‘s 
from Fiji, the AVest Indies, the Southern Uniicnl Status, I’orto IRco, 
Central America, the Ouianas, and Queensland. Ib'Ct^nlly wlml a})p(‘ar 
to be authentic cases have been recorded from Iraq, Egypt and Alalta. 
The Editor has seen o]ic mild case from Xyasalaiid, hut autln'iitic 
records of sprue in North and CVntral Africa, Palestine, and Arabia 
are rare. 

Epidemiology and endemiology. — Information so far amassi^d 
on this subject points to sjirue being a n^gional, as oj)pos(u] t j a climatic 
disease, and it is one which jire-eminently affects JNiropiui is. Doubt 
was formerly expressed as to the existence of sprue in nativ(> races, 
but the fact is that dark-skinned peojile, usually indigenous inhabitants 
of the endemic country, are less liable to be attaclu^d thun are immigrant 
races. 

The disease is often apt to occur in one or more members of the 
same family. Many instances of sprue developing in husband and 
wife have been recorded ; it is probable that both have becm ex|)osed 
to the same influences. Atmospheric tem])eratare do(‘s not intlueiice 
the incidence of the disease, for sprue jriginates at high altifnd(^s in 
Ceylon and in the Himalayas where the climala^ more resemldes that 
of Europe. 
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'J’hoiX! arc rusiduiici's in Bum hay and bungalows in Ceylon whiuh are 
notorious lor the ineidiuice of sfiriu; in sueeessive tenants, and the term 
“ H|)ru(‘ house's ” has Ix'en apfilied tf) them. In Ceylon there is a widespread 
hc'Iiei that it is eonneeU'd with elry-rot in estate ‘‘ bungalows,” and F. P. 
depson has hrouLdd Idrward eireumstantial evidence that the white ant or 
t('rmite, which hoi-cs its way into the woorl, is in some way connected with 
spni(‘. (V'rtainly th(' successive' occupants of such houses appear to be 
specially liadih'. Thf* “dry-rot” at eh'v^ations of 3,000 feet is caused by 
ti'rmitcs belonging to the genera t '/v/p/o/crwc.s- and Pla)iorri/ptotermes and it is 
suggcsti'd t hat tlu' ingestion f)f the fa'cal pelle*ts of these dry-wood-inhabiting 
ants might bt' responsibh' for the causation of sprue. In the main, foci of 
distribution of s|)i‘ue are the regions in which dry-wood termites are common. 

As a ride, sprue attacks those of middle age, but it has been 
recorded in a. Mur(jpean hoy of eleven ('.Milh'rj. Amongst Europeans, at 
any rate, tlu' lemal(‘ sex a])p(\irs to he jiiore liable to the development 
of the dis('as(‘. 

.Etiology, ddie a tiology of sprue is still obscure. It is generally 
agrc'i'd I hat it is a disi'ase sui (iriirris. The yeast, or vionilia theory of 
sf>rue has Ix'cn abandoned. This yeast, originally found by Kohlbriigge 
in IbOl, and lati'r named Mofiilia jisilosjs by Ashford, was found by 
tin* Editor to he a terminal inbrtion. A x'iiav tin -deficiency has been 
suggested by M ac( Arrison, fouinled up<»n experimental work in monkeys. 

Scittt's Jtiipothcsis. W. H. Scott, impressed by the similarity between 
many of the sym|)toms of spriit' and those occurring in other diseases in 
which calcium dcticic'iu'v and a disordered calcium regulation play a part, 
sugg('st('d that the ('ssi'utial factor was a calcium deficiency. Such symptoms 
as ti'tany, ciamps, loss of weight, and tedema. which may be present in sprue, 
k nd a c(‘rtain amount of su])port to his fundamental idea. 

As the n'sult ef combined clinical and jiathological observ^ations, sprue is 
ri'garded as (h'linitt ly diu' to some infective agtUH'V which especially involv^cs 
th(' mucosa of the aliiia ntary canal, and this view n'ceivt's some support from 
the lact that hill diarrho'a is a fre(juent jirecursor of sprue, and it is con- 
sidc'O'd that tlu* j)hcnomcna of sprut* can best be explained in terms of a 
metabolic breakdow n of the gastro-inb'stinal tract, characterized by defectiv-e 
ahsoiptioii in tlu* small intestine. 

Jn the Editor’s ('X])cricnce there is a considerable amount of evidence of 
the close assiu iation between sprue and aimebic dysentery and other intestinal 
diseases. The two diseases c)ften co-exist, while on occasions sprue appears 
to be grafted on intestinal anux'biasis, but this may be })urely coincidental. 
Bossibly, too, in tlu* apparent absence of sprue from Central Africa may lie 
the cliu' to its true adiology. 

Th(^ rititiniu drfricfiry hypothesis rt'sts upon the similarity, in some 
respects, hetwi'C'u sprue, ])cllagra, and idiopathic steatorrheea, which are 
consid(‘retl to be examples of combined deficiencies ; and, also, because 
secondary vitamin deliciciu'ies are fre(piently encountered in the fully de- 
veloped dis(‘ase. 

Pathology.- Tost mortem, the tissues in sprue are abnormally dry ; 
fat is almost completely absent ; the muscles and the thoracic and abdominal 
viscera are anaunic and wasted. The liver is atrophied to half its normal 
weight, or even less ; the spleen, adrenals, heart, and in fact all the viscera, 
are wasted approximately to the same degree. The heart has, as a rule, 
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undergone brown atrophy/’ With these exeeptions and (('rtain changes 
in the alimentary tract, so far as is known, there arc no special lesions vvhicli 
are invariably associated with this disease. Occasionally certain change's 
are present in the paiKTcas — namely, hitty or granular degeneration of the* 
cells, with softening of isolated acini and slight intlanimatoi’y infiltration of 
the connective tissue. 'I’hese, however, are not inoii' constant than are 
sitnilar changes occasionally found in the liver and kidneys. Sections of 



Fig. 67. Transverse section of ileum in case of sprue, showing partial 
loss of columnar epithelium (probably a post-mortem change), 
shrinkage of villi, round-cell infiltration, fibrosis of submucosa, and 
dilatation of nutrient vessels of submucosa. {Ori<j.) 

the tongue show desquamation of the e})ithelium, <*sp(‘ciallv froin the surface 
of the fungiform papilla*, which may be infiltrat(‘d with }'(‘ast fungi. 

Lemons of the, alimentary tract . — In longstanding cases, there is usually 
atrophy of the small bowel so as to render it almost diaphanous. Ulceration 
and erosion of the ileum leading to perforation and jxTitonitis have been 
described by the Editor, but these, as wdl as the destruction of the intestinal 
villi, are now thought to be secondary changes (Macki<^ and N. H. Fairley, and, 
more recently, Thaysen). I’lie chief lesions are thinning and atrophy of the 
mucous membrane of the absorptive and secretory (*pithcliiim (Fig. 67). 
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The chati^es are easentially those of degeneration and apiapia and they hnd 
(*vid(‘nces of hlood destruction in the mucosa, suggesting the absorption of 
some haunolytic substance in the intestines and destruction of blood in situ. 
In r(‘cent auto]isies, where death has been sudden, it is surprising indeed 
what fev\' naked-eye cliang(‘s can be seen. Patliological changes are seen in 
the red iiiarrow of the femur and the tibia. ITis is usually reduced in 
fjuantity, tluaigh tluTc may be hyperplasia, as seen in pernicious anaemia. 
It is suggested that in sj)nu‘ there is a toxin which primarily stimulates, but 
eventually exhausts the haemopoictic system. Ulceration of the ileum 
leading to perforation, and general peritonitis may be the cause of death. 

The inesenteric glands may be enlarged, pigmented and fibrotic. 
The inflammatory clianges in the mucosa, and the invasion by round 
and plasma cells which wen^ formerly considered characteristic are 
now held to be inconstant in appearance and extent, and possibly 
to he caused by the irritability brought about by the acid content of 
the faeces. The stools of spru(‘ are characterized by their light colour 
and excessive siz(‘ ; they may be five or six times the normal amount. 

Analysis of tlie stools in sprue reveals the presence of the ordinary 
elements of bile, notwithstanding their apparent absence as indicated 
by lack of colour. Pile is seended, but the colouring matter, bilirubin, 
a])[)ears to be reduced in the intestine to a colourk^ss substance, 
nrobilinog(‘n. Tin* excess of fat in the stools and low fat content of 
the blood (4T2-8 nig. per c(‘nt.) would indicate that a proportion is dm* 
to actual excretion of fat through the int(‘stinal mucosa. (The normal 
is f)00 mg. per cent.) 

Normally, neutral fats are to fatty acids in the proportion of 1 : 2 : 
in pancreatic disease this ratio is reversed, and may be as high as 
15:1 ; while in sjirue stools more splitting-up of fats takes place, the 
proportion of luaitral fats to fatty acids being as 1 : 8 or even 1 : 5 
(J. I). Thomson^ Sokluy and Malandkar, emtiloying Saxon’s “ wet 
nadhod ” of fa'ces analysis, find that in a jiatient on a milk dietary, 
split fat forms 75 per cent, of the total fat in the stool. The trypsin 
and otluT enzyme activities in the stools are normal. These figun'S 
indicate' that in sprue the pancreatic digestmn proceeds (piite normally, 
but that the ])roducts of this digestie)n are not absorbed, yirobably 
through the bowel contents Ixdng hurried through the small intestine. 
i\Ialabsorption of fats is preibably diu* to the same cause. Verzar claims 
that the absorption eif fat depends upon the internal secretion of the 
adrenal cortex : on the other hand, Barlier and llhoads have demon- 
stratt'd that tlu' injection of massive doses of livc'r extract materially 
affects it . 

Symptoms. Variability . — There is infinite variety in the com- 
bination and in the severity of the various syni])toins of sprue, as well 
as in the rate of progress of the disease. In some instances it may be 
almost a subacute process, running its course in a year or two ; in 
others, again, it may drag on intermittently for ten or fiftecui years. 
Much depends in this respect on the circurnstai’ces, the character, tlie 
care, the tre^atment, the age and the intelligence of the patient. 
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General symptoms in a typical case . — In an ordinary fnlly (ievcdopc'd 
case the patient — who is generally dark or muddy in eorn})lexion and 
much emaciated — complains of three principal symptoms : soreness 
of the mouth, dyspeptic distension of the abdomen, and looseness of 
the bowels ; the last being particularly urgent during the early morning 
and part of the forenoon. The patient may also complain of feeling 
physically weak, of loss of memory, and of inability to take exercise 
or to apply his mind. Ilis friends will probably volunteer the infor- 
mation that he is irritable and unreasonable. 

Mouth lesions . — If the mouth is examined, the sonaiciss will be 
found to depend on a variety of lesions of the mucous membrane, 
which, though painful, seem to be of a very superficial character. 
These lesions vary considerably in intensity from day to day. During 
an exacerbation the tongue looks red and angry ; sup(‘rficial (Tosions, 
patches of congestion, and perhaps minute vesicl(‘s app(‘ar on its 
surface, particularly about the edges and ti]). S(»m(*times, from the 
folding consequent on swelling of the mucous membran(*, the si(l(*s 
of the organ have th(‘ a])})earanc(‘ of l)ring hssuri'd. Tlu‘ filiforni 
papillae cannot be made out, although here and there the fungiform 
papilke stand out, pink and swolkai (l‘lat(‘ XX). If tlie jiatiiait Ix' 
made to turn up the tip of tla^ tongue, v(Ty lilo'ly red jiatches of supiT- 
ficial erosion, sometina^s covered with an a pblboiis-looking ])ellicle, 
may be seen on either side of the fra'iium. Thesi' aplitlia* jiroliably 
form beneath the epithelium and burst outwards. On eversion of the 
lips, similar patches and erosions are visii>Ie ; and if the cheek be 
separated from the teeth, the Sana* may b(‘ staui on the liuccal mucous 
membrane. Occasionally the })alate is similarly ailected ; vi'ry ofttai, 
also, in this situation tlu‘ mucous follick'S an* ei)larg(‘(b sliotty, aiid 
prominent. The gullet and uvula may also la* congested and, in jilaCes, 
raw and sore. 

In consequence of the irritation caused by thes(^ supi'rticial and 
exceedingly sensitive lesions, the mouth tends to till with a watery 
saliva which may dribble from the corners. If the })ati('nt attempts 
to take any acrid food, strong wim*, or anything except the very 
blandest diet, the pain and burning in the mouth are intolerable ; 
so much so that, although perhaps ravenously hmigry, lie shirks 
eating. Not infrequently, swallowing is accompaniiMl and followed 
by a feeling of soreness and burning under the sternum, suggc'sting 
that the gullet, like the tongue, is also in an irritatixl, raw, and t(‘nder 
condition. During exacerbations of the disease the condition of the 
mouth becomes greatly aggravated. Although during the temporary 
and occasional improvements it is much less painful, even then salt, 
spices, strong wines, and all kinds of sapid foods sting unpleasantly ; 
and the tongue, particularly along its centre, is seen to be ban^ and 
polished as if brushed over with a coating of varnish. At all times 
the tongue is abnormally clean and devoid of fur ; during the exacer- 
bations it is red and swollen ; but during the remissions, and wlien 
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not inflanied, it is small and pointed, and, owing to the anaemic con- 
dition of the patient, it may he ycdlowish like a piece of cartilage. 
Appan^ntly the toiigm' condition may at first be the sole outstanding 
symptom, and may persist for years l)efore the characteristic diarrh(x?a 
sup(‘rv(aH‘S. 

Df/syepsui . — Dyspepsia is usually much complained of, the feelings 
of weight, oppression, and gaseous distension after eating being some- 
times excessive. Very likely th(‘ abdomen swells out like a drum, 
and un})leasant borborygmi roll through the bowel (Fig. 68). 
Occasionally though iiot. often, tlcTe ]nay be vomiting, sometimes 
coming on suddcady, and not always accompanied by feelings of nausea. 
As a rule tluTc' is a moderate d(‘gree of hypochlorhydria with adequate 



Pig. 68. — Sprue abdomen, showiiyu: intense nieteorism, especially 
of lower quadrant. {Orig.) 


ri^sponso to histamine in the average case of sprue. Occasionally, 
in (‘arly cas<‘s, a normal gastric acidity curve is found, but in advanced 
and especially in v(‘ry aiiamiic cases, tluTe is an absolute achlorhydria 
without res])onso to hiiitaniine, resembling that found in pernicious 
anamiia. d'he gastruscopic appearances have been described as l>eing 
similar to those seen in ]H‘rnicious anaBinia, and as taking the form of 
an atrophic gastrit is. Tlui a})pearaiices improve under liver therapy. 

Anoitnia may be pronounced, sometimes even in the early stages 
of the disease, but more generally it develops when the diarrhoea 
has persisted for some time. It may bo very profound and may 
approach the pernicious type, with alteration in the size and shape 
of the erythrocytes and very occasionally by the appearance of normo- 
blasts. It is apparently secondary to an intestinal toxaemia, but 
sometimes a true Addimnian amnuiia supervenes after all active symp- 
toms of sprue have disappeared, and such cases are invariably fatal. 
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The blood picture of the fully-developed sprue case is t hat of an aj)Jastic 
megalocytic anaemia. The very variable degrees of anaunia coincide 
with the variable a})pearances of the bone-marrow. As a general rule, 
this graver anaunia occurs in patients over fifty years of age. In no 
instance in the cases investigated was the colour index less than 0*7. 
In the majority of cases it is above one. In uncom})licat(‘d spru(‘ the 
leucocyte counts are eitluT normal or there is a haicopenia. associatinl 
with a relative^ lymphocytosis. Blood crisi^s commonly occur in spriu; 
and are characterized by a rapid and critical fall in tla^ Incinoglobin 
and red blood-cor])uscl(‘S. Usually associated with sev(*re diarrhrra, it 
progresses to a fatal issue without remissions and without those 
evidences of blood regeicTation which arc‘ so typical of similar crises in 
pernicious anaemia. Hyperbilirubiniemia is found mon^ frequently in 
malaria and in pernicious anamiia than in spru(‘. (Van den Bergh test). 

Mdie Brice-Jones curve n^sembles that of trui* pernicious aiuemia, 
htang characterized by mark(*d asymnadry, broadening of tli(‘ basi*. 
displacement to tlu* right, and a delinit(‘ increase* of tla* diametiT of the 
('orpuscles to 8-07 /x. It thert*fore seems that deticicait blood-production 
rather than excessive blood-loss constitutes the basis of sprue aiiicmia. 

The serum-calciutn and phosphuruH content. -~Fairle>’, Mackie, and 
others have eonfinned Scott’s observations tiiat tiie ionic cahaum is lowered 
in sprue, 7-4-9 mg. per 100 e.c. of serum being constantly regisb'red. Fairley 
and Bromfield, using Kraim^r and Tisdall’s U*chniqu(‘, found the average 
total of calcium was 8-8 mg. per cent. The average serum -phosj)horus 
reading was 3-2 rng. per 1(X) c.c., so that no rise above normal occurs. It is 
concluded that defective absorption is the basic factor involved in the low 
calcium content. 

The. blood chole^sterol. — There is a dc'finite hyf)ocholesterola‘mia, and 
Fairley has shown that the serum cholesterol averages 72-8 mg. }K*r 100 c.c. 
and the lowest reading is about 40 mg. The cholesterol cont/cnt rises ra])idly 
following liver-extract therapy and high-})rok‘in diedary. 

Blood-Hugar regulation. — Thaysen originally ]K)inted out that in sprue, as 
vvtdl as in idi()j)athie steatorrhoea and cceliac disease, there is an abnormally 
low blood-sugar curve, which is not due to impairment of the glucos(' ab- 
sorption or to its destruction in the intestines, but possibly is related io 
adrenal insu fiicien cy . 

The urine is highly coloured, especially in cases with })roiiOunced ana?mia. 
4’his is due to the ap])earance of urobilin and urobilinogen j i pathological 
amounts, derived from the products of blood destruction. It is estirnakd 
that in sprue anaunia the blood-cells are being destroyed nearly five times 
as rapidly as in a normal man. The diastatic reaction has been investigated 
and has been found to be well within the normal limits, and this method 
affords a means by which sprue may be differentiated from chronic pancreatitis. 

The gastric secreiian.~~h\ most cases there is a relative hypochlorhydria 
or a normal acid curve. In cases with severe aiuemia then* is usually achylia 
gastricu. 

Tetany associated with dilatation d the stomach is quite common 
in longstanding cases, and is also found in the early stages where there 
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liuB been deliydraliun of the tissues and bypucalea.ni)ia. It can oftfu 
be elicited in the hands as Trousseau’s sign (i.e. compression of the 
upper arm). 

Cramps in hands and legs may be a particularly distressing feature 
in an advanced case of the disease. 

Diarrhoea . — The diarrhma associated with sprue is of two kinds — 
one chronic and habitual ; the other more acute and, in the early 
stages, evanescent. The former is characterized by one or more 
daily discharges of a copious, pale, greyish, pasty, fermenting, acid, 
mawkish, evil-smelling material ; the latter is of a watery character, 



Chart 25. Composite ^raph constructed from observations on ten cases, to 
show the relative increase in body-weight of patient and in red blood- 
corpuscles per cubic millimetre with coincident decrease in average 
weight of stool over the same period of treatment. (Orig.) 

also pale and fermenting, the dejecta containing undigested food and, 
as a rule, an abnormally large amount of oil and fatty acids. In these 
latter circumstances the diarrhoea usually brings with it considerable 
relief to the dyspeptic distension, at all events for a time. When the 
mouth is inflamed tlie diarrhoea is usually more active, but this is by 
no means invariably the case. The stools during periods of quiescence 
may be confined to one or two in the early morning or forenoon ; 
during the later part of the day the patient is not disturbed. Even 
in this quiescent phase, however, they are always extraordinarily 
copious, the excessive bulk being attributable in great measure to the 
aforementioned excess of fat and to the innumerable microscopic 
37 
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gas-bubbles ; patients remark their phenomenal abundance. They 
are passed almost, or altogether, without pain. Not infrequently 
during exacerbations there may be a tender, excoriated condition 
of the anus, and sometimes, in women, a similar condition of the vagina, 
causing great pruritus. 

Types, history, course, and termination. Protopathic sprue. 
— There is a striking uniformity in the history of most cases of sprue. 
On inquiry, we shall probably learn that the patient has been suffering 
for months, or perhaps years, from irregularity of the bowels. This, 
we may be told, began soon after arrival in the tropics as a bilious 
morning diarrhoea. For a long time this morning diarrhma wont on, 
without interfering in any w^ay with the general health. Later, the 
mouth, now and again, became tender, little blisters or excoriations 
appearing for a day or two at a time about the tip of the tongue or 
inside the lips. These sore spots would coine and go. Perhaps, 
from time to time, exacerbations of the mouth symptoms would be 
associated with a little increase of diarrhoea. Gradually the stools 
lost their bilious character and became pale and frothy ; dyspeptic 
symptoms, particularly distension after meals, now appeared. As 
time went on, these symptoms would recur more frequently and in 
a more pronounced form, following, almost inevitably, any little 
imprudence as regards food or exposure. The general condition now 
began to deteriorate ; emaciation, languor, lassitude, and inability 
to get through the day’s work satisfactorily becoming more pro- 
nounced each summer until, finally, a condition of permanent invalidism 
was established. Should the disease continue to progress, the emacia- 
tion advances slowly but surely. Diarrhoea may be ahtiost constant, 
and now no longer confined to the morning hours ; the complexion 
becomes dark, sometimes very dark ; the appetite, sometimes in 
abeyance, is more frequently ravenous, unusual indulgence in food 
being followed by increased discomfort, temporarily relieved by smart 
diarrhoea. At length the patient is confined to the house, })eihaps to 
bed. The feet become oedeniatous, and the integuments hang like 
an ill-fitting garment, the details of the bony anatomy showing dis- 
tinctly through the dry, scurfy, earthy skin. Finally, the patient 
dies in a semi-choleraic attack ; or from inanition : or from some 
intercurrent disease. Such is the history of an ordinary, mismanaged 
case of sprue. 

Another type of case commences as an acute entero-colitis or hill 
diarrhoea, with sudden and profuse colicky diarrhoea, perhaps vomiting, 
and a certain amount of fever. The acute symptoms do not subside 
completely, but gradually have the typical symptoms of sprue grafted 
on to those of an acute intestinal catarrh. 

Incomplete sprue, (a) Gastric cases . — Occasionally we meet with 
cases of confirmed sprue in which the morbid process is at first, judging 
from the existing clinical symptoms and subsequent history, confined 
to a limited part of the alimentary canal. Thus we sometimes get 
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sprue without diarrhoea, the principal symptoms being sore mouth, 
dyspeptic distension, pale, copious, but solid stools, and wasting. 

(b) Intestinal cases . — On the other hand, we may get cases in which 
the mouth is not eroded and there is little or no distension or dyspepsia, 
but in which the stools are liquid, copious, pale, and frothy. Some- 
times a patient, who may have suffered at an earlier period or on a 
former occasion from the first type of the disease, later acquires the 
diarrhtxdc form ; and vice versa. 

(c) Sprue without diarrhoea . — It sometimes happens that under 
treatment the son? mouth, dyspepsia, and diarrlaea completely 
subside ; nevertheless, the wasting continues, the stools remaining 
phenomejially copious — so much so that the patient may declare that 
more is passed than has been eaten. In this case wasting is pro- 
gressive, and the patient gradually dies of inanition. 

(d) Tongue or fiiouth sprue . — As a rule the characteristic appearance 
of the tongue is associated with gastric and intestinal symptoms, 
but this is not invariable. The Editor originally described three 
cases in Ceylon and he has seen several others during the last fifteen 
years. This process may remain confined to the mouth and gullet 
for two years or more before the typical intestinal symptoms are noted. 

Intestinal atrophy consequent on sprue . — hi certain instances, under 
treatment the symptoms proper to sprue subside ; but the patient’s 
digestive and assimilative faculties are permanently impaired. Slight 
irregularities either in the quality or the amount of food, chill, fatigue, 
depressing emotions, and other trifling causes suffice to bring on 
dyspepsia accompanied by flatulence and diarrhoea. These cases 
may linger for years. Usually they improve during the summer in 
linglaiid, getting worse during the winter and spring, or during cold 
damp weather. Ultimately the patients die from general atrophy, 
diarrhoea, or some intercurrent disease. 

Sequelae. Ancemia and spinal symptoms . — Severe anaemia of 
the pernicious type is a frequent sequel (sec p. 575), and until recently 
it had been generally considered that sclerosis of the spinal cord did 
not eventuate in sprue and served to distinguish it in some degree 
from subacute combined degeneration of cord type seen in Addisonian 
aruemia. In the Editor’s opinion no such distinction can be sub- 
stantiated, for in two longstanding cases of sprue with severe anaemia, 
he observed the advent of unmistakable signs of cord involvement — 
in spastic paraph'gia, ankle-clonus, positive Babinski signs, and 
(‘ventually complete and fatal paralysis of the lower extremities. 
There was nothing in these cases to differentiate them from other 
eases of subacute combined degeneration. Neuritic signs in the arms 
and legs (pins and needles) are frequently observed ; sometimes also 
actual 7ieuritis of the legs, with parcesthesia and loss of reflexes, 
resembling beriberi, which has been found to respond satisfactorily to 
vitamin therapy. 

(Edema . — A generalized oedema, especially of the legs, is a frequent 
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accompaniment of sprue, especially in those cases who are responding 
well to treatment. This is usually regarded as due to water-retention 
by the tissues and is on the whole a favourable sign. 

Purpuric rash . — In two cases the Editor has observed a petechial 
haemorrhagic rash specially noticeable on the thighs and legs (Fig. 55). 
This is undoubtedly a scorbutic phenomenon and occurred in cases who 
had been fed on a prolonged milk dietary. Tbi' rash rapidly disappeared 
after the administration of adecpiate amounts of vitamin C. Small 
subcutaneous haemorrhages on the hands are common in atrophic cases 
of sprue and are indicative of vitamin C deficiency. 

Derinaiitis . — A peculiar form of rash, a very irritable derinatitis, 
is a frequent accompaniment of sprue, especially in elderly people 
with extreme anaemia. This dermatitis generally breaks out during 
convalescence and when the patient is responding to treatment. It 
is mostly seen on the arms and ch('st. It may possibly bo yelkujrovs 
in nature. The Editor has recorded one rcunarkable case of th(‘ 
association of a pellagrous rash with spru(‘, in which immediate improve- 
ment occurred on th(‘ administration of nicotinic ac'id. Similar 
manifestations hav(‘ becai reconbal in cceliac disease and in idio])atliic 
steatorrlioea. 

Latency. — One of the most remarkabk^ things about sprue is 
the latency of the process. The disease may arise in l^jugland in 
persons who have at some time resided in an endemic area of the 
disease : usually this period is om* or two years : sometimes it is 
longer — seven or eight years : exceptionally the latent period may be 
as long as twenty-five. 

Diagnosis.— The condition of th(‘ tongiu', the character of the 
stools, and the history are suihciently distinctive', one would suppose, 
to render diagnosis an easy matter. Nevertlu'less, we have known 
of cases in which the disease has ])een diagnosed and treated as syphilis, 
the condition of the mouth being attributed to this disease, and the 
character of the stools and other symptoms being ignored. Care 
must be exercised in interpreting the significance of tin* small arc'a of 
liver dullness usually found in well-marked cases of sprue. This is 
not due to cirrhosis of the liver, but to the wasting the live’* undergo(‘S 
in common with the soft tissues of the entire body. 

Coiliac disease (Gee’s cadiac diarrhoea, or the Geo-Herter syndrome) 
occurs frequently in Europe in children under t(ai years of age, and is 
also seen in those of European parentages returning from t,he tropics. 
The aetiology of ccxiliac disease is probably diffenmt from that of spru(‘, 
but the stools an^ very similar in app(‘arance and in ch(‘jnical composi- 
tion. This disease is associat(‘d with diarrheea and nieteorism, stunted 
growth, and incomplete sexual dcwtdopuKmt. TIktc' is no involvement 
of the tongue and mouth, and the anaemia is not so severe as in sprue. 
Symptoms usually disap]K*ar on placing tlu‘ small ])ati(‘nts on a fat-fn (> 
dietary. Idiopathic sieaiorrhmi is probaldy the same proci'ss as cceliac 
disease persisting in adult life, and is aj)par(‘ntly the dis(‘ase d(‘scrib(‘d by 
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Tliayscn in JJeiimark and Northern Europe as 7io)t-tropical spriie, 
This is a nutritional disturbance associated with tetany, osteomalacia 
and ana3mia. It is characteriz(‘d by disturbances of the calcium 
nadabolism and hypochromic anannia. According to the views of 
Bennett, Hunter, and Vaughan, in “ non-tropical sprue ” there is often 
severe anapmia, various cutaneous lesions, infantilism, megacolon, fine 
silky hair, brittleness and ridging of the nails, and a flattened type of 
blood-sugar curve after ingestion of glucose (which is also found in 
sprue). Lens opacifies, gross bony deformities, and tetany constitute 
tlie outward signs of defective calcium metabolism. The serum 
calcium is low and there is excessive excretion of fat. Both cadiac 
disease and idiopathic steatorrhoea may he complicated by secondary 
pellagra. 

The absence of skin lesions and mental symptoms differentiates 
sprue from pellagra. Difliculty may be experienced in differentiating 
the sprue tongue from that of pellagra ; in the latter disease it is 
pointed, and when it is inflamed and painful the process is found to 
be geiu‘raliz(‘d over the whole organ, and not confined to certain definite 
and circumscribed areas as in sprue, and there is ulceration at the angles 
of the mouth. Tlie tongiu' of early Bg avitaminosis, as originally 
d{^scril)(‘d by the llditor in Ceylon, is associated with angular stomatitis 
and an atro})hic condition of the lips (perleche). It is apparently 
identical witli tla* pellagra tongm*, and amenable to treatment- with 
nicotinic acid. It is necessary to rtuiiember that atrophy of the Imgual 
])apilla‘ occurs in i)eniicious anaunia and (*ven in malarial amemia and 
ancylostomiasis— diseases which may be confused with sprue. No 
difficulty should be experienced in differentiating Addison's disease 
from sprue. A gasiro-jejnno-colic fistula may cause symptoms closely 
resembling S])rue. Kilner and Fairley have described three cases wdth 
glossitis, fatty diarrhoea, and anaemia, in w’hich previous gastro- 
enterostomy had been performed. 

According to Thaysen the low blood-sugar curve after the intake 
of 1 grm. of glucose per kilo body-weight serves to differentiate sprue 
from pernicious anamiia and allied conditions, but a similar curve 
accompanies idiopathic steatorrhma and coeliac disease. Lanihliasis or 
giardiasis {see p. 567) may produce white fatty stools and fatty diarrhoea, 
and the Editor has seen cases of this condition mistaken for sprue. 

The differentiation of sprue from chronic pancreatitis may present 
difficulties. In the latter condition the neutral fats predominate in 
the faeces, the tongue and mouth are not involved, and the diastatic 
reaction of the urine is high. The anaemia of sprue greatly resembles 
that of true Addisonian anaemia, though normoblasts are rare in the 
blood of sprue and megaloblasts do not occur. High van den Bergh 
readings are the rule in true pernicious anaemia : exceptional in sprue. 
The differentiation from tropical macrocytic ana3mia or nutritional 
anaemia cannot be easily made on blood examination alone, as the 
picture is very similar. It specially affects pregnant women in the 
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tropics, and is not accompanied by diarrhoea. Certain cases of tabes 
mesenterica may, on clinical grounds, resemble sprue, and so may 
malignant disease of the mesenteric glands, such as lymphosarcoma. 

The radiographic findings in sprue , — According to the Editor’s 
experience and that of Pillai and Murthi, in acute incipient cases 
there is no loss of tone in the stomach or intestines. The stomach 
is emptied in two hours after the barium meal, the hepatic flexure of 
the colon is reached in three hours, and the intestines are empty in 
6-8 hours. In subacute cases there is slight loss of tone and vigour 
of peristalsis of stomach. In chronic cas(‘s fhivre is ballooning of the 
large intestine with some delay in the eiecuni and colon. 

Prognosis is good for recent cases, provided proper treatment 
is carried out. It is bad for patients over fifty, for longstanding 
cases, for careless and injudicious patients, and for those who cannot 
or will not take a special diet. 

Treatment 

General statement. — The treatment of sprue is mainly a matter 
of bodily rest and careful dieting in order to procure assimilation of 
the most easily absorbable foods. If treatment be undertaken sufli- 
ciently early, and be thoroughly and intelligently carried out, it is 
generally marvellously successful. Should, however, it be undertaken 
at too late a period, when the glands and the absorbing surface of the 
alimentary canal have been hopelessly destroyed, do what we will 
the case is almost sure to end fatally. Jn prescribing treatment, 
therefore, the first thing for the physician to do is to get his patient 
thoroughly convinced of the deadly nature of his complaint ; for, 
unless he receives the patient’s hearty and complete co-operation, 
he must not expect to cure a well-established case. To be successful, 
treatment must be thorough, sustained, and prolonged. All pre- 
disposing causes, as uterine or other discharges, syphilis, scurvy, and 
the like, must, of course, be dealt with and, so far as possible, removed. 
The size and weight of the faeces should be estimated daily by weighing 
the pan and subtracting from the total the known weight of the re- 
ceptacle. The average daily weight of normal faeces is irom six to 
eight ounces ; in sprue it is commonly double or treble this. By 
keeping a chart of the average daily excretion, and by estimating the 
weight of the food ingested, an estimate may be formed of the daily 
intake and output. 

The nursing of sprue cases is all-important. A great deal rests 
with the nurse ; sprue patients are apt to be unreasonable and re- 
fractory, so she will need to be sympathetic and tactful, yet firm. A 
regular routine of feeding should be adopted and strictly adhered to 
both in quantity and ingredients. 

The sheet anchor of treatment in sprue is diet, and to this principle 
all who have written on this disease unanimously subscribe This is an 
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exceedingly difficult subject to write about, because what suits one 
individual case may not by any means suit another. Individual 
patients seem to thrive on the most widely diverse diets. Some 
patients, even at the present day when more tolerant ideas are held, 
may thrive on the old-fashioned milk dietary. 

In prescribing a dietary for sprue the principle should be borne 
in mind that the two main ingredients of a mixed dietary — fats and 
starches — are incapable of being digested or assimilated. As the true 
adiology of sprue remains at present in such an uncertain state, it is 
small wonder that many individual preferences for different lines of 
treatment exist, and the Editor has thought fit to give preference to 
that particular mode which in his experience has been found most 
helpful. 

Dietetic treatment No. 1 . — The Editor is of the opinion that a 
combination of the milk and protein dietary meets the needs of most 
cases. If the tongue be very sore and the intestinal symptoms urgent, 
the case is fed for the first week on a milk dietary (see p. 586) and, if 
this is not easily tolerated, the high protein-containing milk — Sprulac 
(see p. 585). Sometimes, however, a mixture of milk and Sprulac 
may be resorted to, or a diet of Benger’s, Horlicks, or “ Ahnata.” Where 
the intestinal symptoms have subsided other ingredients may be 
added, as set out in the following tables : 


Table I 


First iveek. 

Three pints of cow’s milk (or Benger’s Food) daily in 5-oz. feeds at two- 
hour intervals. 

Toast, “ pulled bread,” ” Heudebert ” rusks with a small quantity of 
butter. 

Total calorie value, about 1,100 calories. 


Table II 

Second week. 

Three pints of milk (or Benger’s Food) daily as in Table I. 

Rusks (Hcudebert’s or Verkade’s “ Groote Beschuit ”) and toast. Sago, 
6 oz. ; liver soup, 12 oz. in two feeds of 6 oz. each. 

One lightly boiled egg. 

Weak tea or sprue tea (i.e. tea infused with milk in place of water) 8 oz. 
Total calorie value, about 1,900 calories. 

Table III 

Third week and during convalescence. 

Breakfast. — Porridge ; 1 egg ; toast (or rusks) and weak tea. 

11 a.in. — Half a pint of warm milk, Sprulac, or Benger’s Food. 

Lunch. — Liver soup, 12 oz. ; chicken (minced), 6 oz. ; spinach, 3 oz. 
(or cauliflower, or French beans, or vegetable marrow, Sk oz.) ; sago 
or semolina pudding, 6 oz. ; baked apple or banana, 6 oz. 

Tea. — Toast ; tea ; Madeira cake, sponge cake, digestive biscuits 
(McV^itie and Price), 3 oz. 
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Dinner. — Brain or sweetbread, 4 oz. ; calves’-foot jelly, 3 oz. ; banana, 
3 oz. ; arrowroot, 8 oz. 

Total calorie value, about 3,900 calories. 

The diet as set forth is given during the first week and nmst be 
continued with the various simple medicinal measures which are 
enumerated in this section ; naturally it can be varied according to 
the needs and idiosyncrasies of each individual patient. The third 
table is instituted from the third week onwards and during convalescence 
for at least three or four months. It may he varied, of course, accor- 
ding to circumstances, and during the fruit season strawberries and 
raspberries may be added to the regimen. 

In elderly patients (i.e., those over 45 years of age) and where there 
is a high degree of anaemia, the addition of raw or underdone, finely 
shredded beef is of advantage. 

Minced Beef feyr Sprue raticnla 

8 oz. best beef ; 

1 good tcasx)Oonful of marniite ; 

Pepper and salt ; 

2-3 tablespoonfuls of w^ater. 

Trim off all fat from the beef. Mince the raw beef finely, putting it twice 
through the mincing machine if neccssar 3 ^ 

Calorie value of 4 oz. is about 188. 

Place in double saucepan with marmite, seasoning, and water. Cbok 
over boiling water, stirring the ingredients with a fork all the time until the 
meat has turned brown and crumhly — roughly 3 minutes. 

Serve on a hot-water plate. Treated in the above manner, minced beef 
is a palatable dish. 

In those patients with flatulency and ineteorism which are increased 
by milk, this beef diet may be substituted for one pint of milk. 

Lightly-steamed meat with the addition of gravy is advantageous. 
This should be steamed in the following manner : 

Take undercut of beef, 4 oz. Steam with 6 oz. of water for 5 to 7 minutes. 
Add a pinch of salt and serve as a sort of thick soup with lemon juice or 
slice of tomato. 

The recipe for liver soup is as follows : 

Take half a pound of calves’ liver and cut it into small ijieces. Place it 
in a double saucepan, add J pint of cold water and simmer for 1 J hours. 
Strain through a sieve and add 1 i)int of bone stock or chicken jeUy, and, if 
necessary, flavour with marmite. Add a small quantity of pepper and salt. 

Liver souj) can be given in soup-platefuls of 8 oz. each, and may be taken 
together with underdone meat. 

These methods of treatment — followed by a carefully selected 
and increasing mixed diet, combined with warmth and rest — are the 
most successful ways of dealing with sprue. Nevertheless, we have seen 
cases in which, after failure of the most carefully carried out milk or 
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protein diets, a mixed diet proved successful for a time. In such mixed 
diets, in fact in all diets in sprue, restriction in the amount is as important, 
perhaps, as the nature of the food consumed. Food should never 
be given unless the patient is hungry. It is a great mistake to try to 
make these patients fat rapidly, or to stimulate the desire for food by 
encouraging active exercise. The bowel is not in a condition to deal 
with large meals. 

Dietetic treatment No. 2. Hvfli- protein dietary. — Especially in 
♦ ‘Iderly patients with inadequate assimilation, liypochlorbydria and 
great anaBiiiia, the high-protein dietary is indicated. In 1906 Can the 
introduced the meat dietary in sprue. His ideas were based originally 
on the Salisbury treatment, and were specially devised for those 
unable to take milk. A high-protein dietary suitable for sprue patients 
with advanced amemia and in whom flatulency and meteorism are 
pronounced features, has been introduced. Alimentary rest in these 
cases is the therapeutic ideal and this can be attained by feeding the 
patient with a minimum amount of those food constituents which the 
small intestiiu‘ fails to deal with adequately. Protein is the chief 
constituent of the diet, commencing with a low-calorie value and 
gradually increasing th(‘ quantity while maintaining the high-protein 
rates. During this treatment five diets are ordered, the calorie value 
of which increases progressiv(dy from 770 in No. 1 to over 3,000 in 
No. 5, and the ratio of prot(*in to fat carbohvdrate is maintained at 
1-0: 0-3 :M. 

Diet No. I (Calories 770 ). 

8 a. 7 u. — Ciiderdone beef, 3 oz. ; juice of half an orange and glucose, 
2 drachms. 

12 a.ni. — Soup, 4 oz. ; underdone beef, 3 oz. ; rusks, | oz. ; juice of 
lialf an orange and glucose, 1 drachm. 

6 p.iri. — Same as above. 

Diet No. 2 (Calorie value, 1,200). 

The underdone beef is increased to 5 oz., and rusks and calves’-foot 
jelly added at 4 p.m. Tea, 10 oz. 

Diet No. 3. — Meals are given from 6 a.m .-7 p.m., as follows : 6 a.m., 8 a.m. 
10 a.m., 12 a.m., 4 p.m., 7 p.m. The diet is much the same, with 
the addition of 10 oz. of tea with milk, thn^e times daily, two baked 
apples and calves’-foot jelly. 

Diets 4 and 5. — The times arc the same, but a greater quantity, up to 7 oz. 
of underdone beef is given twice dail}". Bananas, custard and honey 
are introduced into the diet. 

Hiyh-proiein )nilk treatment. — As the result of biochemical investiga- 
tions, it is now held that flatulency and abdominal discomfort is in the 
main aggravated by the proportion of fat in cow's milk. Fairley has 
advocated a milk powder which combines the advantages of a high 
protein dietary with the bland properties of milk. In consequence a 
high-protein milk powder known as Sprulac (Cow & Gate Ltd.) has 
been manufactured. This powder is prepared from fresh milk whicli 
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has been treated by passage through a gauze and wire filter, subse- 
quently chilled, centrifuged to get rid of organic and inorganic debris, 
passed through a mechanical mixing apparatus and desiccated at 
120° C. The poAvder contains 10*6 per cent, fat ; 34*0 per cent, of 
protein and 45-0 per cent, of lactose. The calorie value per ounce is 
125 and tlie ratio of protein, fat and carboljydrate is 1 •() : 0*3 : 1 *3. 
Spriilac can be givoj in the same manner as milk in milk treatment. 
One ounce of S})rulac is made up to 8 oz. with waiter and given every 
2^ hours for six feeds. Subsequently the amount jnay be increased 
and cables ’-foot jolly and the juice of two oranges added. 

Dietetic treatment No. 3. The milk treatment. — In the days of 
Manson and Thin the milk treatment of sprue was found to be very successful, 
and certainly the sensational results that sometimes followed this treatment 
appeared to justify the faith that was placed in it. The essence of the 
treatment resided in the assimilation of a. bland, highl}" nutritious, easily 
digestible, and absorbable fluid. Although many critics at the present day 
will be found to oppose this treatment on biochemi('al lines, yet to the sprue 
patient with his raw and extremely sensitive mouth and his painful gullet, 
milk will sometimes appear to be the only food which can be swallowed and 
assimilated in the acut(i stage of the illness. There arc those to whom the 
taste of milk is unpalatable, and there are others who possc'ss an idiosyn(*rasy 
against it and in whom the ingestion of milk gives rise to severe digc'stive 
disturbances. Besides which, a milk dietary is extremely monotonous and 
it takes a rigid will to carry out the treatment in its entirety. The objections 
to the high fat-content of milk and its effect upon digestion have been dealt 
with under Sprnlac. 

In carrying out milk treatment it is well to commence with a dose of some 
aperient — castor oil or pulvis rhei compositus. Bending the action of the 
drug, all food, including milk, should be withheld. The patient should be 
sent to bed in order to economize strength and maintain ecpiable warm 
temperature of the skin. He should also be directed to clothe warmly, to 
encircle the abdomen with a broad flannel binder, to cover his arms and 
shoulders with a warm jacket, and to live in a large, sunny, warm room. 
At first 70 oz. at most are allow^ed in the twamty-four hours, eight-ounce 
feeds being given every hour or every two hours. When the j)atient is very 
weak the feeding must be continued during the night. The milk should not 
he drunk, but sipped with a teaspoon, or Uiken through a straw or a fine glass 
tube, or from a child's feed mg -bottle. As a rule, on this regimen, lU the course 
of two or three days, the patient’s condition is very much improved. The 
stools have increased in consistence — are solid, perhaps — the distension of 
the abdomen has subsided, dyspeptic symptoms have vanished, and the 
mouth is much less tender and less inflamed. The quantity of milk should 
now be increased at the rate of half a pint a day or every second day, until 
5 pints, or thereabouts, are taken in the twenty-four hours. It is well to 
keep at this quantity for ten days at least, when, everything going well, a 
gradual increase to 6 or 7 pints may be sanctioned. If the patient gets 
weary of milk, Benger’s food forms an efficient substitute. Very often 
patients prefer this to milk, and, in order to vary the monotony, it is often 
wise to give it in alternate feeds with pure milk. Being predigested, Benger’s 
food is particularly well borne by sprue patients ; moreover, the preparation 
is palatable. Some patients, unable to tolerate milk, thrive on “ Almata ” 
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or “ Horlick’s.” Up to this point the patient should keep in bed ; but when 
he is able to take 6 or 7 pints of milk he may get up and, if he feels strong 
enough and the weather is mild, go out of doors. For six weeks, dating from 
the time the stools become solid and the mouth free from irritation, no other food 
or drink whatever should he permitted. A raw egg, if it is found to agree, may 
now be added to the milk ; later, some artificial malted food ; next, small 
cjuantities of well-boiled arrowroot, rusks, pulled bread, thin bread (stale) 
with a little butter, or some digestible form of biscuit ; later still, chicken 
broth, and a little fruit ; and, by and by, fish and chicken may be gradually 
introduced. To some patients the milk is made more palatable by the 
addition of a pinch of salt to each glass. A. Stephens has suggested 
oxygenating milk by means of oxygen “ sparklets.” 

In commencing this treatment, if the patient, after two or three days, 
be found unable to digest and assimilate so much as 3 pints of milk in the 
twenty-four hours, the daily allowance must be reduced by half a pint a 
day until only 30 oz. or thereabouts are taken. If now the motions become 
solid, the cjuantity of milk may be gradually increased by 5 or 10 oz. a day, 
so that in the course of a few weeks the full allowance — G or 7 pints — is 
consumed. In cases with persistent dyspepsia, pancreatic preparations, such 
Savory & Moore’s pancreatic emulsion, or taka-diastase may be of benefit. 
Milk may occasionally be made more digestible and tolerable by the addition 
of bovril in the proportion of one teaspoonful to every 8 oz., or by being 
beaten u]) with the yolk of an egg. Marmite, given in teaspoonful-doses 
dissolved in water or milk, is occasionally of benefit. 

Usually in milk treatment the faeces become hard and scybalous, and 
the patient suffers much from distension. In these circumstances castor oil, 
in draclim -doses, should be given in licpiid form or in cachets. As a general 
rule, this immediately relieves the condition. The routine administration of 
medicinal paraflin in teasjioonful dost?s is sufficient to keep the motions from 
balling. Petrolagar, or agarol (preparations of liquid paraflin and agar), given 
in teaspoonful to tables j)oonful doses, are also j)articularly suitable for sprue 
patients. Flatulency is best counteracted by small doses of castor oil, by 
hot baths, and by restricting the amount of food. 

Dietetic treatment No. 4. Fruit treatment . — The value of fruit in 
the treatment of sj)ruo and other forms of intestinal disease has long been 
recognized by practitioners. Manson was in the habit of prescribing bananas 
and apples, tentativeU^ of course, in sprue, and often with marked success. 
Of late, repeated trials of the strawberry in spnie have confirmed one’s 
personal belief in the value of this fruit treatment, and in the strawberry 
treatment in particular. The plan Manson followed was to give one or two 
strawberries with each feed of milk, and, if found to agree, to increase the 
number gradually until 2 to 3 lb. were taken daily. Bottled fruits, par- 
ticularly peaches and pears, make suitable substitutes if strawberries or 
bananas are not obtainable. Of the tinned fruits the most suitable are 
Libby’s strawberries and blackberries, though it is doubtful whether preserved 
fruit possesses the same virtues as fresh in this disease. Fresh raspberries 
and blackberries, when eaten in the same way, are almost as well tolerated 
as are strawberries. A dietary of fresh tomatoes is often beneficial. The 
bael fruit or Bengal quince (xFjgle marmelos), introduced by Fayrer in the 
treatment of this disease, seems to exert a very beneficial effect in the countries 
((’ey Ion and India) where it can be procured in a fresh state ; during recent 
years it has been imported from the East on ice, and offered for sale in London. 
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Tlic ripe pulj) should bo scraped out of the hard exterior shell and eatcui raw 
with sugar and cream, or made up with eelatin in the form of a jelly. Two 
or three of these fruits, depending on tncir size, may h(.* given every da>’. 
Extracts of bael fruit {Extractvm belw Uquidum), su(‘h as are frequtuitly sold 
in England, appear, to be quite inert, but there is an cflicient bael-fruit past(* 
which can be procured from the U.P. Stores, 15, T^ind.;ay Street, Calcutta. 

\yhen io send the patient to LJurope. — When sprue develops in the 
tropics, if feasible the patient should be sent to Euroj^e as soon as 
possible. It is a mistake, however, to ship an invalid if tlu' vlis('as(' 
is active, or if his end is manifestly not very far off. Diarrhcea should 
not be active when the patient is put on board ship. In every cas(‘, 
provision, such as a cow or an abundant supply of suitable milk, sliould 
l)e made for carrying on treatment during the voyage. 

The clothing and general managemmt. — Sprue paticuiis returning 
to Europe ought to be especially careful in their clothing, and they 
ought to get out their warm clothes before the sliip leaves the tro})ics. 
If their return is during the winter, they should arrange to nunain 
in the south of Europe till at least late spring. Next to an unsuitable 
dietary, perhaps cold is the most prejudicial influence to which a spru(‘ 
case can be exposed. A sprue patient ought never to feel cold ; he 
ought always to wear thick flannels, thick stockings, and, wdien up 
and about, thick boots. In winter a chamois-leather waistcoat pro- 
vided with sleeves is of great service. His rooms ought to be warm. 
He ought to eat very sparingly. He ought never to be fatigued ; he 
ought to go to bed early and rise late ; in fact, he ought to do t?very- 
thing in his power to avoid irritating the bowel, to guard against 
chill, physiological deprt‘Ssion, and the necessity for copious eating. 

During the summer England is suitable enough as a residence ; 
but during the cold winter and spring months sonu' milder, drier, 
and more sunny climate must be sought out. 

Drug treatment of special symptoms. — 1 Experience soon teaches 
one to distrust medicines in sprue. Occasionally a g(‘ntle aperient is 
of service, or, if diarrhoea is watery and excessi\ e, a few drops of 
laudanum ; but active drugging of all sorts is, as a rubs prejudicial. 

Sore tongue and mouth. — A great d(‘al can be done to aimdiorate 
the soreness and the dysphagia caused by ulceration of th^^* tongue 
and mouth. The mouth should be kej)t v<‘ry clean and washed out 
after each feed with a bland mouth- wash such as potassium chlorate 
1 drachm to the pint of hot water, but. if the mouth is very painful, 
cocaine 2 gr. to the oiuice of glycerin and ])orax, brushed on to the 
tongue lightly before eating, will deaden sensibility. In certain 
cases where the saliva is very acid, as it generally is when the tongue 
is very raw, an alkaline rnouth-w^ash should be us(‘d as follows : 

Sod. bicarb. ..... gr.x (0*648 grm.) 

Sod. biborate .... gr.x (0*648 grm.) 

Rose-water ..... 5 iv (113*6 c.c.) 

Diluted with water according to taste. 
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Phillips’ Milk of Magnesia — 1 teaspoonful to half a tumblerful of 
water — is also useful. 

The most efficient solution for healing the mouth lesions — and its 
action is sometimes astonishingly rapid — is an acriflavine dye, 
Glaurainine (B.D.H.), of which the mouth-wash is made up of one 
teaspoonful (one drachm) to eight ounces of warm water. It stains the 
mouth and lips yellow, but this is only a temporary effect. In some 
cases, especially where there is sepsis, hydrogtm -peroxide mouth- wash is 
useful. Lavoris mouth-wash (Lav oris Chemical Co., Toronto), 1 part 
to 2 parts of water, is also recommended. To take away the soreness 
find pain there is nothing better than EujjJiagin tablets (paramido- 
henzoic ethylester with menthol and sodium borate). The Editor has 
recently observed, in cases in which the tongue and mouth lesions with 
angular stomatitis dominate the clinical picture, a remarkable iinprov(‘- 
ment takes place on nicotinic acid 150-800 ingm. daily. The sense of 
taste and smell return with greater celerity and to a more complete 
(‘xtent than with any other method. Nicotinic acid in acute cases is 
given in a dosago of 800 mgm. daily. The tongue lesions appear to 
heal as ra]h(lly as in tla' analogous case of pellagra, while one of the 
most striking teatures is tla^ change in the appearance of the freces, 
which assume the dark and normal faecal colour within a period of a 
few days. 

Anorexia and vitaniin deficiency . — The loss of appetite and taste 
in severe cases of sprue is a difficulty, hut it usually improves gradually 
when the patient is put to bed. It has been found that vitamin 
Bi incri'ases the desire for food in experimental animals, so that 
the author has recently injected vitamin Bj ^ in ampoules containing 
2 mgm. of crystalline vitaniin daily. It is also curative in those cases 
of sprue presenting neurit ic symptoms. 

Petechia] her niorrh ages and scorbutic symptonts . — The Editor has 
treated two with a purpuric rash resembling that of scurv}^ and this 
tendency calls for administration of vitamin C, in the form of either 
ascorbic acid, or orange juice. 

Sprue with secondary pfellagr a . — In a chronic case from Hong Kong 
which developed the skin manifestations of pellagra, the Editor 
administered nicotinic acid (150 mgm. daily for ten days, and thereafter 
50 mgrn. daily for six weeks) with successful results. The total increase 
of weight after a period of three months was 41 lb. 

Diarrhoea . — The diarrhoea of sprue yields to dietetic treatment, 
but if excessive the best method is to administer a small quantity of 
castor oil in teaspoonful doses, after which Batavia powder in tea- 
spoonful doses should be given, suspended in milk or water. If the 
nocturnal diarrhoea is very severe, chhrodyne (10-15 min.) is often 
successful. 

Batavia powder is a modification of “ Peter Sys ” specific (Shanghai) 
which was originally used by Manson and Cantlie in China. Batavia powder 

^ Benerva (Uocho) and Betaxan (Bayer). 
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is cuttle-fish bone combined with an iron compound. In some cases of 
diarrhoea during convalescence, it is advantageous to give it in wafer cachets, 
15 gr., four times daily. 

In diarrhoea of a less obstinate character, Crooke’s Collosol Lacto- 
Kaolin, in doses of one drachm daily, is also to be recominendod, while 
on occasions a bismuth and magnesia mixture (bism. oxycarb. 15 gr., 
mag. carb. pond. 15 gr.) with sp. chlorof. et morph, co. may be con- 
sidered more suitable. 

Flatulency and meteorism. — Persisting flatulency and meteorism 
are usually connected with some unsuitable element in the dietary, 
and in a mixed dietary it may be due to tlie milk employed. In cases 
of extreme distension the injection of pituitary extract, especially 
jntressin (i-1 c.c.), is followed by the j)assage of flatus and instant 
relief. Tablets of salol (10 gr.) are also useful. Then there' are the 
charcoal preparations, such as charcoal biscuits or Charkaolin (All<‘n 
and Hanbury) in teaspoonful doses. The following prescriptions may 
also be used : 

Spirit, iether. nitros. . . . afxv (0-88 c.c.) 

Spirit, ammon. aromat. . . n[xv (0-88 c.c.) 

Aq. menth. pip. ad . . . 5^^ c.c.) 

or 

01 . menth. pip. . . . ntxvi(0-94 c.c.) 

Mag. carb. . . . . 5i (3-89 gnu.) 

Cret. prep. .... gr.x (0 (54 grm.) 

Sod. bicarb. . . . . 7)i (3-89 grm.) 

Fiat yndv. 1 tcaspoonful in 5 iv of water. 

In some cases a combination of pituitary therapy combined with 
high colonic lavage with hypertonic saline (2 pints) gives relief wIk'u 
other measures fail. 

Constipation. — The constipation following the acute phase of 
sprue may bo difficult to overcome. Often hard scybala form in tlie 
sigmoid colon and become impacted there. The best apericmt is 
castor oil. In extreme cases it may be necessary to give in enema of 
warm olive oil (10 oz.) and to remove the scybala from the .Xictuin by 
means of the finger. As a general aperient, petrolagar (red label) 
is useful, as is also agarol, preparations which have superseded liquid 
paraffin. Isogel (Allen and Hanbury) a new preparation given in 
doses of several drachms, may also be used. 

Anal excoriation and irritatioji is sometimes a distressing feature, 
and may be relieved by the following ointment : 

Orthoform . . . . . . 40 gr. 

Zinc oxide . . . . ]2()gr. 

Starch . . . . . . . 1 20 gr. 

Paraffin . . . . . . ad 1 oz. 
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Tetaiiy and cramps , — The treatment of the states due to calcium 
deficiency is met with by the administration of calcium by the mouth 
in doses of 10 gr. three times daily, and in extreme cases by intra- 
venous injection of calcium salts, such as calcium gluconate (Sandoz) 
10 c.c. or more. Scotfs treatment consisted of exhibiting calcium lactate 
in doses of 10 gr. three times daily, together with tablets of extract of 
parathyroid ^Parko Davis) gr., two at night, dliis treatment was 
continued for six weeks, and it was found that this method is of con- 
siderable benefit to those patients in whom calcium deficiency is a 
leaf lire. 

To increase assimilation. — Glucose, oz. daily, should lie added to 
ih(‘ dietary throughout, and to increase assimilation in those cases in 
which intestinal atrophy is a feature, insulin from 2-G units, injected 
twic(‘ daily, may often be followed by an increase^ of fbe appetite and a 
corresponding ajititude for absorption. 

Anannia of sprue. — In extreme cas(‘S no advance in tiio treatment 
of sjirue has been so remarkable as blood-transfusion in those cases in 
whom th(i anamiia has becona* so extrenu^ as to resemble the most 
desperate forms of xVddisonian ana?mia. In the original cases described 
by the Editor, this nanisure appt^ars to have bc'cn a cure, not only for 
tiu' anamiia, but for the underlying sprue. Some cases with a red cell 
count of 500,000 red cells to the ci^mm. have entirely recoven^d. All 
sjiecial pn'cautions as regards lilood groujiing must be taken, and 
dOO-400 c.c. of citrated blood injected intravenously. Sometimes two 
or three transfusions at weekly intervals are necessary to restore the 
functions of the bone-marrow. 

The beneficial effects of liver soup in sprue have been noted since 
tile lairl}" days of j\Ianson and van der Burg, and since the work of 
Minot and Murjihy in 1920 it has becai customary to strengthen it 
by the addition of more })ot(‘nt liver extracts. The best are those of 
Eli idlly, Parke Davis, and Liveroid (Oxo), but large quantities are 
reijuinul and they an* expensive. An important ailvance has been 
made in the intramuscular injection of liver extracts. In the Editor's 
hands, Campolon (]3ayer), Hepatex, and Examen have been most efficient. 
In grave cases G c.c. are injected daily for six injections, but usually a 
stales of 12 injections of 2 c.c. each suffices. Where these larger 
amounts are well tolerated, injections of 10 c.c. each given three times 
weekly have proved to be beneficial. The injections should be made 
deep subcutaneously in the region of the buttock, and is usually 
folio wt‘d on the ninth or tenth day by a remarkable rise in the 
reticulocyte count. The first injections may be rather painful at the 
site of inoculation, l)ut this gradually works oft' as further ones are 
given. This method has the added advantage of being cheaper than 
other forms of liver therapy. Sometimes the addition of iron is of 
advantage, especially in those cases without mega^ocytic blood changes. 
It may be given in the form of ferrous sulphate tablets (Glaxo) three 
times daily, or hoematinic plastules (Wyeth). 
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Achlorkydria , — In those forms of sprue uiiiemia associated with 
achlorhydria, the treatment should he instituti'd on tlu' sain(‘ liur^s 
as for pernicious aiiffimia. In tlu^ severe forms, dilute hydrochloric- 
acid 20-30 min. in orange juice is given with the meals, and in some 
cases appears to chock the diarrhcea,, hut when the tongue and mouth 
are very sore, hydrochloric acid in solution increases the pain. In 
these cases tablets of acidol-pepsin (Bayer) two to three times daily, 
should be given instead. 

Additional subsidiary methods of treatment. -lAfassage and 
passive movements are of benetit, especially in men who have been 
accustomed to exercise. Massage of the arms and legs should be 
practised to commence with, but the abdomen slioidd be deferred till 
after the more urgent symptoms have subsided, Avluai in constipated 
cases it is of distinct value. 

Heliotherapy and ultra-violet light radiations to chest and abdomen 
are of very stimulating value during convalescence in atonic and 
debilitated cases. 

Derniaiitis . — The very irritating dermatitis which is frequently 
observed in elderly patients who are responding well to treatment, is 
ditiicult to cope with. The Editor has seen tlie best results from a 
preliminary course of calamine lotion followed by the application of 
a pigment containing cignolin 4 gr. and oil of cade (deed.) 40 min. to 
benzoli rect. one ounce. A glycerine and ichtbyol lotion is also very 
useful. 

Convalescence. — The sprue patient, if possible, ought not to 
return to the tropics. If compelled by circumstances to do so, he 
must exercise the utmost care with regard to his health, and avoid 
exposure, cold baths, and all excesses ; take a minimum of cooked 
meat, unless specially prepared ; purge gently, and go on absolute 
simple diet on the slightest sign of relapse. Alcohol, especially strong 
spirits, is strictly contra-indicated for at least three months from the 
time of apparent recovery ; light French wine may then be permitted. 

Appended is a diet table which should serve as a guide for con- 
valescent cases of sprue, and which should be continued as long as 
possible. 

Suggested Diet for Convalescent Cases of Sprue 


Breakfast. 

Well-boiled porridge (Quaker oats) 
or gruel. Sour milk (yoghourt). 

Lightly boiled egg. 

Toast, rusks or biscuits (Energen 
bread or Heudebert rusks). 

Cocoa, weak tea,^ or chocolate 
made with milk. 

Butter in small quantities with 
toast or rusks. 

11 a.m. 

Warm milk or Sprulac, half a pint. 


Lunch. 

Clear, or liver soup, or chicken 
broth. 

Chicken, preferably minced, boiled 
or roast. 

Underdone minced beef. 

Spinach, vegetable marrow, young 
peas, cauliflower, or French 
beans. 

Well- cooked milk puddings : sago, 
semolina. 

Baked apple or baked banana. 


Sprue tea is best made with boiling milk In place of water. 
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S(«j(jtslf d Did far (/oNralcsa ul ( *(isrs of -cDiitiiiucd 


Tea. 

Weak tea. 

Toast. 

Wafers, water or Marie biscuits. 
Madeira cake. 

Heiidebert rusks. 

Sponge fingers. 

Dinner (7 p.m.). 

l^rains. 

Sweetbread. 

Fruit or ealves-foot jelly. 
Arrowroot. 

{Dinner should he the lightest 
in eat (f the day.) 

Vru its perm ittexL 

Ikiel fruit, bananas, oranges^ 
papaya, toiuatoes. 

Jlipe pears. 

Apples oeeasionally, ])refera})]y 
bak(‘d. 


SI ra\vl)erries, eouiuieixang with 
\ lb. ; iiiaxiinuni, 3 Ib. 
l{as})berries,blackberries{as abova ). 
Hot-house grapes. 

Fruit jellies. 

Pre.serv(jd fruit, es]>eeially peaches 
and pears. 

ArHeles (f diet to he avoided . 

Salmon, trout, mackerel, lierrings. 
( 'he<‘S(‘. 

Fresh bread. 

dams, esp(*cially marmalade. 
(;lrease or fat. 

Suet {)uddings. 

Xuts. 

Fakes with raisins. 

Potatoes in jackets or fried. 
Pastry of all kinds. 

Alcoholic drinks, especial 1\' spirits 
— gin, brandy and whisky. 
Mineral waters. 


Treatment of complications. — Careful search should be made 
for any coexisting infection from which the patient may be suffering 
and which is grafted on to sprue. Malaria, especially the benign 
tertian, is a case in point, or more important still, it may be, syphilis. 
Fixperience shows that, not only do sprue patients who are the subject 
of an old syphilitic infection tolerate antisyphilitic treatment, such as 
])otassium iodide and salvarsan, very well, but that the sprue itself 
do(^s not im])rove until this has been undertaken. Sprue may be 
complicated i)y active amoduc dysentery, and in such cases vigorous 
treatmi'iit with emetine and emetine-bismuth-iodide may be necessary 
before any improvenuait in the sprue condition is noted. Acute 
appendicitis quite commonly complicates sprue. Not only do the 
])ati(aits toltu’ate appendicectomy extremely well, but the removal 
of the acutely intfamed appendix sometimes ap})ears to cure tlie 
sprue. The l^hlitor has observed several instances where the 
patient survived acute pneumonia and, after recovery from the 
acute infection, subsequently remained free from sprue-like symp- 
toms. 

Oral sepsis . — Bad teeth and pyorrhoea must be attended to after 
the subsidence of acute symptoms of sprue. Great care should be 
exercised ; it is a great mistake to advocate too rapid extraction of 
teeth, as it is liable to provoke serious relapse. 

38 
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HILL DIARRH(EA 

Definition. — A form of morning diarrhoea aciH)ni]miiiod by flatulent 
dyspepsia and the passage of copious liquid, pale, frothy stools. It occurs 
principally in Europeans on their visiting the hills after residing for some 
time in the hot lowlands of tropical countries. Hill diarrhcca is a frequent 
precursor of the fully develop(?d disease — sprue. 

Geographical and seasonal distribution. — Crombie, who gave an 
excellent account of this disease, pointed out that a similar affection 
may show itself in the highlands of Euro})e and Africa, as well as in those 
of India. It is said to occur also in corresponding circumstances in South 
Africa and South America. There is no reason, therefore, to suppose that 
hill diarrhma is special to India, although, owing to the large European 
population frequenting the hill sanatoria in that country, it has been par- 
ticularly noticed there. An elevation of 6,000 feet or over, when combined 
with an atmosphere saturated with water vapour, is particularly favourable 
to its development. In India it is found to begin and end with the rains, 
during which, in certain years and places, it is apt to assume almost epidemic 
characters. Thus, during the wet season of 1880, in Simla, an epidemic of 
hill diarrhoea aff(*cted from 50 to 75 per cent, of the Euroj)can population, 
three-fourths of the cases happening within a week of each other. In some 
years hill diarrhoea is less prevalent than in others ; but at the proper season 
few of the various hill sanatoria of India are w ithout examples. 

iEtiology and pathology. — It is diflicult to say w hat may be the precise 
factors determining this disease. The low barometric pressure associated 
with great elevation above the sea-level may be a favouring circumstance. 
Lamp seems to be indicated by the fact that the disease occurs j)rineipally 
during the rains. Chill after exposure to the high temperature of the plains 
has possibly an important share. Manifestly there is a suspension of the 
functions of the liver, and, considering the dyspepsia and looseness, most 
probably of those of the pancreas and of the other glandular structures sub- 
serving digestion. Hill diarrhcea is certainly something more than an in- 
testinal catarrh. There an; no adequate grounds for coniuading it with 
either the water or the food supply, though at one time Duncan advanc^al 
the hyj)othesis that mica in the drinking-water caused irritation of the 
intestinal mucosa. 

Symptoms. — Without very obvious cause the patient, who in other 
respects may be in good health, soon after arrival at a hill sanatorium becomes 
subject to a daily reemrring diarrhoea, the loosen(;88 coining on regularly 
every morning some time between 3 and 5 o’clock. The calls to stool are 
apt to be sudden and imperative. The motions passed ar- iemarkably 
copious ; very watery in some instances, pasty in others. Th(;y are pale, 
frothy, and like recently stirred whitewash, so devoid an; they of biliary 
colouring matter. Their passage is attended with little or no pain, often 
with a sense of relief. From one to half a dozen or more such stools may 
be voided before II a.m. After that hour — at all events, in ordinary cases — 
the diarrhoea is in abeyance for the rest of the day, and the patient may then 
go about his duties or pleasures without fear of inconvenience. 

The distinctive features of this form of diarrhiea are, therefore, the 
regularity of its recurrence every morning and its cessation after a certain 
hour in the forenoon ; the absence of colour m the stools ; and the attendant 
flatulence. The abdomen is sometimes bli^wn out like a drum, the patient 
being conscious of unpleasant borborygmi associated with a feeling as if 
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some boiling or chemical operation were proceeding in his inside. Occasionally 
cases arc met with in which the stools are very pale although there is no 
diarrhoea. In a certain proportion of cases, symptoms persist and develop 
the clinical picture of sprue. 

Treatment. — The treatment recommeiid(‘d by Crombie, and endorsed 
by other medical men of experience in India, consists of a strict milk diet, 
rest, warm clothing, a tcmspoonful of liquor hydrargyri {)CTchloridi in water 
about fifteen minut(‘s aft(‘r food, and 12 gr. of ])cpsin, or a corresponding 
(quantity of lactopeptin or ingluvin, two hours later. If, in spite of treatment, 
the diseases persists, the patient must rctimi to the low country. 



chaptj^:r XXX 


SPECIAL AFFECTIONS OF THE LIVER 

The occuiTeiice of a peculiar tv]K' of liver cirrhosis in Indian children was 
first described by Scui (1887). The disease appears to be ])eculiar to India, 
though a few cast's of a siniiiar nature liave been reported from Mt'xico and 
North China. C^irrhosis of the liver of unknown aTiology is widesprt'ad in 
young adults in the troj)ics, especially in the Last Indies, and tliis subject 
requires further investigation (p. 4T). 

IXCAXTILi: BILIARY (TRRHOSIS 

Tills disease is found to be more prevalent in Hindu than in .Mohammedan 
children. Thus, in Calcutta, from J891 to 1893 inclusive, infafitile biliary 
cirrhosis - the name given to the dist'ase— caused 1,748 deaths. AltlK)Ugh 
the Hindu and Mohammedan ])opulations of that city are about equal, as 
many as J,61b of the deatlis occurred in Hindus, whilst only 80 occurred 
among Mohammedans, the balance of the mortality being among the Ihirasians 
and other races. Tlie disease occurs prim/ipally in children undi'r one year, 
rarely attacking those over three years. As a, rule, it begins during (h'utition, 
or about the seventh or eighth montli, running a fatal course in from three* to 
eight months. In rare cases it may commence* within a few days of birtli. 
Iiistt?ad of lasting se'veral months, its |)rogress ma\' be mue;h more rapiel, 
and terminate* in death in from two-to three \\eeks. In Inelia it is ce>mmon 
in Bengal, Maelras, Bombay Presidene-y, anel the Cniteel Rrovinces ; it is 
more prevalent in lural districts than in te)wns. 

iEtiology. — 4'he cause e)f infantile biliary cirrhosis is unknown. Xeither 
alcohol, syphilis, nor malaria has anytliing to do witli it. 'Jdie* childreui of 
the well-to-do are relatively more frequenth* attacked than those of the^ 
poor. It has also been eebserved that it tends to run in families, chilel after 
chilel of the same parents succumbing w ithin a ye*ar or two e)f biith. INIuke'rji 
remarks that the* elisease is especiallx' a])t te) ex'cur in grossly ove rfed and 
pampereel children in Bengal, and has adduced evieienee that tlee virus is 
probably conveyed by the me)ther’s niilk to the chilel. Green- Army tage 
believes the true tetiology to be in a deficiency of vitamins in the mother’s 
diet, thus depressing the mammary secretion and the (‘nde)e!rine system e)f 
the feetus, overfeeding of the child when born, and the insjitficient feeding 
of milch animals. Megaw , in India, has point'd out recently the clost^ associa- 
tion between cirrhosis of the liver and bacillary dys(‘ntery. He believes 
the one to be the direct seepu*! of the other. 

Pathology. — Gibbons has given an elabruate and most careful account 
of the pathological anatomy of this disease ; lu* concludes that it is a peculiar 
form of biliary cirrhosis, thc^ (^onsequem^ci of the action on the liver-cells 
of some irritant of gastric origin, which leads to degeneration of the cells 
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ill the first instance, with Hiihscqinnit increase of intercellular eonnective 
tissue and, lat(T, of the portal sheaths. The formation of new bile-ducts 
between the hejiatic; cells, which is a well-marked feature, he regards as 
evidence of a natural curative effort having for its object a regeneration of 
the liver-cells. Green- Army tage calls the disease intercellular hepatic 
(‘irrhosis. R. Rao (1935) has contributed the most profound study up to 
date by the application of the silver impregnation method. He concludes 
that the disease is a subacute toxic cirrhosis. He emphasizes the varying 
degr(‘es of necrosis of the liver cells, the avascular mdematous cainnective- 
tissue network, and the obliterative lesions of the terminal and some of the 
bigger divisions of the hepatic venous tree without appreciable changes in 
the portal and biliary trees, dliere is also a ]ioor attempt at regeneration 
of the hepatic parenchyma. 

Symptoms. — Commencing insidiousl 3 % the characteristic initial enlarge- 
ment of the liver ma}' have made considerable j)rogress before the disease 
is suspected. Nausea, occasional vomiting, saliowness, feverishness, con- 
stipation, anorexia, irritability of R*mjH‘r, thirst, and languor call attention 
to the child’s condition. On examination, the liver is found to be enormously 
(mlargcd, extending perha]>s to the umbilicus or even lower. The surface 
of the organ is smooth ; the edge, at first rounded and prominent, as it 
begins to contract becomes sharp and distinct and can be readily grasped 
bctwecui the fingers, the swollen organ feeling hard and resistant. The spleen 
may be enlarged, as in most he])atic cirrhoses. Fever of a low type sets in ; 
the sallown(‘ss d(‘e})ens into ju'ofound jaundice ; the stools are cla}^- colon red, 
the urine is dark with bile, and there may be a terminal ascites, with y)uffincss 
of the fi'ct and hands. I'lie skin may be bronz(‘d almost as deej)ly as in 
Addison’s dis(‘as('. Sooner or later, d(*ath from choUemia ensues. 

Treatment.- According to Green-Armytage, when cases are seen early 
and ])a rents are giv(*n the necessary instruction, recovery takes place in six 
to ten \\(*eks. W’henever possible, the latest baby, in a himily in which 
several cas(‘s of this disease have already occurred, should be immediately 
removed from the mother and artificially nursed. 

Prophylaxis. — The mother must be fed fwoperly in the antcmatal and 
nursing ^Kuiods. When w(*aning occurs, the child should be fed on good 
cow’s milk. The child should not be fed on patent hx)ds or sweets, and 
1^-3 oz. of fresh fruit should be given daily ; iodized salt (iodosol) should be 
added to all food, as v(‘getables in Bengal are deficient in salts. 



Section IV.— INFECTIVE GRANULOMATOUS 
DISEASES 

CHAPTER XXXI 
LEPROSY 

Definition. — A chronic infective grannie )inatons disease produced 
by a specific haeferinm, and characterized hy lesions of the skin, 
nerves, and viscera, evenfnating in local ana*stli( sia, ulceration, and 
a great variety of trophic lesions. After a long course it is almost 
invariably fatal. 

History. — Known from ancient Chinese, Indian, and Egyptian writings, 
leprosy was possibly introduced into Greece and Koine between 400 and 
345 B.c. by the returning legions of Pompey. In tlu^ time of Celsus — 53 B.r. 
to A.T). 7 — it was still a rare disease in Italy. By tlie end of the seventh 
century it was well known in Southern Europe, and was first introduced 
into England about 950. 

During the Middle Ages leprosy was common in Europe', so that the rulers 
and clergy instituted leper asylums and enacted laws for the isolation of 
lepers. The last British leper died in Shetland in 1798. 

Leprosy still lingers in Italy, France, Portugal, Spain, Germany, and 
Russia, as well as in Greece, Iceland, and Norway. Our modern knowledge 
of the disease dates from the discovery of the Bacillus leprcp {Alycoharicrium 
leproi) by Hansen in 1874. 

Geographical distribution. — At the present time leprosy is a disease of 
tropical and subtropical countries. Experience show's that the endemic 
area enlarges as our knowledge of the natives of uneiviliz(;d regit»'is becomes 
more intimate. 

In India leprosy is prevalent ; in 1891 it w as estimated that there w'ere 
105,000 lepers in a population of 210,000,000— a ratio of about 5 in 10,(K)0. 
Recent statistics show that the highest endimiic rate is in O^ntral Africa, 
where, in the Belgian Congo, something like 10 jier cc'nt. of the population 
are lepers. 

Becent inlrodu(dion--nie modern infroduction of leprosy into 
virgin soil, so to speak, has taken place in the Sandwich Islands, in 
New Caledonia, and elsewhere. The in:)st recent has been into the 
Island of Nauru in the Pacific, where till 1920 it was unknown. It 
has spread there with great rapidity. 

698 



ETIOLOGY OF LEPROSY 


599 


Epidemiology and endemiology. Age. — Cases are on record 
of the occurrence of leprosy as early as the first and second years of 
life, but are quite exceptional. Leprosy is extremely rare before the 
fifth or sixth year, but Rodriguez has shown that 44 per cent, of 
children who have lived seven to ten years with their leper parents, 
become infected. In tlie great majority of instances the disease 
begins between the tenth and thirtieth year. It rarely commences 
after 40, although it has been known to begin up to and even after 70. 

Sex ; orcupatlim ; sorvd and hygienic condiiions. — Apart from 
social conditions, as affording opportunity for contagion, sex seems 
to have little bearing on the liability to leprosy. 

Sir Jonathan Hutchinson very sagaciously and truly remarked 
that leprosy is more especially a disease of semi-civilization. Savages 
without clothes contract leprosy rarely ; the highly civilized are 
exempt ; but when the savage begins to wear clotlu^s and live in houses 
he becomes more subject to tla; disease than before. 

Climate. — Climate can in no way be considered a cause of leprosy, 
which exists in all climates and in all latitudes ; but it does seem to 
have some infliKaice in dtJermining, to a certain extent, the type the 
disease assumes. It would appear that the nodular form is more 
common in cold damp (diniates ; the nerve form, in warm or dry climates. 
Rogers has shown that in hot, humid climates — the Bcdgian Congo, ^ 
the Cameroons, and the French Ivory Coast, for example — the mor- 
bidity of leprosy is higli ; in very dry tropical areas, such as Peru 
and South-West Africa, it is low. The conditions favouring the spread 
of leprosy are : high relative humidity, close and continued contact, 
and type of disease — the nodular being the more infective. 

^Etiology. — It is now generally conceded that B. leprce is the 
cause of lepros^g just as B. tuberculosis is the cause of tubercle. 
Authorities difTer, however, as to the way in which the bacillus is 
acquired. 

Conveyam'c of the lepra bacillus from man to man. — -Many attempts 
have been made to communicate leprosy to man by inoculation ; 
hitherto, with one questionable exception, all have failed ; this was 
in a Sandwich Islander, who within a month suffered from leprous 
neuritis. He died six years later. The experiment was vitiated by 
the fact that meml)ers of his family were lepers. 

Hoiv ax^quired. — There are two principal views as to the way in 
which the bacillus is acquired — heredity and contagion. 

Heredity. — From the fact that it tends to run in families and that in certain 
instances it assumes the appearance of atjivism, leprosy was formerly believed 
to be hereditary. If this were so, how explain the striking fact, brought 
out by Hansen, that of the numerous offspring of 160 Norwegian lepers who 
emigrated to America not one has become a leper ? Although acid-fast 

1 Chostonnari pf)int3 out that the mortality from leprosy in the Congo is no liighor than 
t.Isewhere. 
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bacilli have been found in the placenta and in the umbilical cord, the evidence 
of the Culion settlement in the Philippines is that leprosy is not hereditary. 

Contagion . — The best authorities now believe that leprosy is propagated 
by contagion, and only by contagion. The same unanimity of opinion does 
not obtain as to the particular way in which, or medium by which, the con- 
tagium is applied ; but that it passes, directly or indirectly, from the infecting 
leper to the recipient, nearly all are agreed to regard as being practically 
proved. Not only may a native of a non-leper country acquire the disease 
on visiting a leper country, but he may also communicate the disease to 
others, his countrymen, on his return to his own country. There is at least 
one well-authenticated example of this on record. Dr. Hawtrey Benson, 
in 1872, showed at the Medical Society of Dublin a leper, an Irisliman, who 
had acquired his disease in the West lndi(‘s, aiul conveyed it to his 
brother. The Editor has seen a similar case in a woman in London, whose 
husband died of leprosy, and in whom the disease developed after a laLmt 
period of seven years. Nodular leprosy is potcmtially much more infective 
than is the amesthetic form. 

Probably intimate personal contact, and certain concurrence in the phases 
of the disease with special conditions in the health or ])hvsiological state of 
the recipient, are necessary for the successful communication and acquisition 
of leprosy. The sim})lc implantation of the bacillus dcw's not suflice ; for, 
as already pointed out, of the many inoculations that have b(*en made, only 
one has any claim to b(‘ regarded as having been suc'cessful. 

Bacillus leprce . — The lesions of leprosy are the ri'snlt, direct or 
indirect, of the proliferation of the B. kjme in the tissues. By some 
authorities it is known as the Mijcohacterimn Icpnr. This bacillus 
(Fig. 69), in size, sha])e, and staining reactions, closely resembles that 
of tubercle. In length it is from half to two-thirds, and in breadth 
about one-sixteenth, the diameter of a l)lood-corj)uscle. The ends of 
the rod — which is always straight — are in many speciimais somewhat 
attenuated. By some authorities it is said to possess a gelatinous 
'Capsule. In common with B. tuberculosis and B. suiegmoe, it rdains 
carbolfuchsin stains aft(*r being treated with mineral acids, though 
it may be distinguished by its staining more readily with cold weak 
solution of carbolfuchsin, and by being decolorized more easily by 
alcohol than by weak acids ; by th(^ impossibility hitluTto experienced 
of growing it on tla^ usual culture media and of successfully inoculating 
it into man and the lower animals ; by its tendcaicy to occer in dense 
clusters and in greater numbers ; and by its v(‘ry gcaierally being found 
inside cells or in zoogbea masses in the lymphatic spaces. 

Specimens of the bacillus can be procured readily by excising 
a portion of a leprorna ; or they may be obtained by clamping a 
succulent leprorna, pricking the now pallid tumour, and then collecting 
on a cover-glass the droplet of “ leper juice,” which, when spread 
out on the cover-glass, is fixed, stained, and decolorized as for the 
demonstration of tubercle bacilli. Better preparations are obtained 
by making with a small scalpel a minute incision into the compressed 
leprorna, scraping some of the tissues from the under-surface of the 
skin, and smearing this with the juice on to the cover-glass. 



THE BACILLUS OF LEPROSY 


601 


Tho bacillus is found in all primary leprous deposits ; in the skin 
leproma — where it occurs in prodigious numbers ; in the meagre 
infiltration of the macular eruptions — where it is much more sparsely 
distributed ; in the early stage of leprous neuritis — where, also, it 
is present only in small numbers ; in the specific lesions of the liver, 
spleen, testes, lymphatic glands, and lungs. In the blood-vessels 
it has been found in the endothelium and, occasionally, free in the 
blood or enclosed in leucocytes, and by special technique with thick- 
drop blo(jd pr(*parati()iis, this method may be used in diagnosis. After 



69. Section of spleen showing lepra cells and lepra bacilli. 

X 800. {Grig.) 


deluemoglobinization tlu' films are stained (Zi(dd-Neelsen). The 
Editor has confirmed the vahu^ of this method, which has been used 
by de Langeri, Sardito, Satanala, and others. Tlu^ bacillus is abundant 
in the purul(‘nt discharges from the nose, from ulcerating lepromata, 
or other forms of primary leprous infiltration. It has very rarely 
been found in the spinal cord or in the lungs. In nodular leprosy 
bacilli have b(‘en demonstrated in numbers in what appears to be 
a])j)ar(‘ntly normal skin. One modern view is that B. leprw is a 
streptotlirix like the actinomyces, or, according to some, that like the 
tubercle bacillus it is pleomorphic to a high degree, and that at a 
certain stage of growth and under certain conditions the mycelia break 
up into short rods, many of which are now acid-fast. 
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B, leprce has not so far been grown with certainty on artificial culture 
media. In 1901 Kedrowski cultured a non-acid-fast diphtheroid bacillus 
showing true branching. He thought that the bacillus belonged to the 
actinomycosis group. In 1909 Clegg cultured a weakly acid-fast chromogenic 
bacillus. Similar results were obtained by Duval (1910) and Twort (1910) 
from nasal discharge of a leper. Lleras Acosta (1938) claims successful 
culture on Petragnani’s medium of an acid-fast bacillus isolatt^l from the 
blood of nodular leprosy (‘ases. It is said that the serum of lepers gives a 
positive reaction with an antigen prepared from this badllus. 

In 1912 Bayon isolated a non-acid-fast diphtheroid bacillus from a case 
of nodular leprosy in London. 

Organisms fall into three groups : 

(1) Diphtheroid bacilli. 

(2) Chromogenic acid -fast bacilli. 

(3) Non-chromogenic acid-fast bacilli. 

Differentiation from. the. tubercle bacillus.— B. lepree can be distinguished 
from the tubcucle bacillus by being grouj^ed in packets often like a ])a(;ket of 
cigars. The leprosy bacilli stain more solidly, and when granul(‘s are [)resent 
they are coarser ; moreover they do not stand decolorization as well as do 
tubercle bacilli, es])ecially by alcohol ; with 3-])er-cent. HCl they are 
decolorized in two hours. They stain readily by (J ram’s method. 

The conveyance of hnnmn leprosy to e.Tperinicntal ani/z/a/.s'.— Adler 
(1937) has now succeeded in coimiiunicatiiig human leprosy to th(‘ 
Syrian hamster {Criceius anraius) in young s})lenectomized animals. A 
fragment of a human h'pra nodidt* was insert(‘d undc^r the skin, and 
when the animal was kilkal, leprosy bacilli W(*re demonstrated in th(‘ 
liver. In otln^r animals, they w<*re demonstrat(Ml in neighhouring 
enlarged and caseating glands. 

Bat leprosy .’* — The discovery that rats (5 j)er cent, in Paris) 
are subject to a disease clinically resembling human leprosy was at 
first thought to sla^d some light on human leprosy, seeing that the 
lesions of rat lei)rosy, as it is called, are intimately associated with an 
acid-fast bacillus resembling that of human le})rosy, and that the 
disease is communicable to other rats by association. 

There is, however, no evidence to show that the organisms of rat and 
human leprosy are identical, nor that the rodent disease is jomim.nicablo to 
man. Hat leprosy occurs also in tropical rats and has bticn made an object 
of study by Lampe and de Moor in Batavia. In nature infection occurs 
from a lesion of the subcutaneous lymph-glands of the groin, jaw, and 
mesenteric regions, and the bacilli are (joninionly found in the skin at the 
root of the tail. House-rats are most usually affected in th(‘ tropics, especially 
R. rattus concolor and R. norregicus. Infection in rats probably occurs 
through skin injuries and by ('annilmlism. Kudickt* and V’ollrnar have 
attenipk^d to grow rat-leprosy bacilli in tissue-culture, arifi the organisms 
remained infective for twenty- two days. Laidlaw has succ(*eded in conveying 
rat leprosy to the Syrian hamster {Criceius • uratus). 

Pathology. — The young leprorna presemts a smooth, white, glistening 
section, but when older becomes browner. The specific lesion of leprosy 
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fliffers from that of tubercle inaHmuch uh the former Ih well supplied with 
blood-vessels, contains no true giant-cells, and never undergm^s caseation. 
If hardened, cut, and stained, the loproma is found to consist chiefly of small 
round cells about the size of a leueoeyU*, epithelioid cells, and fusiform cells, 
which are arranged for the most j)art in groups, generally around or near 
blocxl -vessels ; the majority of these cells contain bacilli — some having only 
a few, while others are crammed with the organisms. Isolated bacilli are 
also found scattered through the j)reparation, a])parently free in the 
lymph-spaces. 

In addition to the bacilli- bearing cells, and increasing in number with 
the age of the lesion, a number of brown granular bcxiies, larger and smaller, 
named “ globi,” are to be seen ; these are thought to be cells in which the 
bacilli have perished and become granular. In old maculae, as well as in very 
old lepromata, the bacilli may be hard to find or entirely absent. In the 
anaisthetic maculae the terminal nerve-fibres are degenerated. As the fusiform 
thickening of the larger nerve-trunks in nerve leprosy is a secondary in- 
flammation, bacilli may not always be found, although, at the very com- 
mencement of the nerve disease, bacilli are prest^nt both in the cells and 
lying free between the axis cylinders. In time the affected nerves become 
mere fibrous cords destitute of nerve tubules. 

The anatomy and the histology of the various trophic lesions are such as 
are found in other examples of destructive neuritis, and are in no way j)eculiar 
to leprosy. 

In nodular leprosy the liver and spleen arc the seat, in many instances, 
of a peculiar infiltration which, in well-marked examples, may be visible 
to the naked eye. Fine yellowish-white dots and streaks, consisting of new 
growth and bacilli, are seen to occur in the acini. 

Sometimes in nodular leprosy the testes atroyihy and undergo fibrotic 
changes, bac illi and globi being found both in and around the tubules, free 
and in cells. In all forms of leprosy the lymphatic glands draining parts 
in which the lej)rous deposit is present are aft'ected ; they are swollen and 
hard, and on section the gland tissue is seen to have a yellowish tinge from 
an infiltration which contains numerous bacilli and globi. 

Albuminoid disease of the alimentary canal, liver, and spleen, and 
nephritis, occur in a large proportion of the cases of nodular leprosy. 

Symptoms. — Although B. leprce is the cause of all le])rosy, the 
clinical luanifestaiions of its presence are far from being identical in 
every case ; indecal, they are almost as varied as are those of syphilis 
or of tuhcTcle. As a matter of fact, in its earlier stages leprosy is 
far from being always, or even gtau^rally, a striking disease. Some- 
times, it is true, it is suddenly and frankly declared from the outset, 
and ycrogresses rapidly : but in the vast majority of cases the early 
lesions are trifling and are apt to he misinterpreted or overlooked, 
and years elapse before serious mutilation or deformity is produced. 

To facilitate description, it seems advisable to divide the evolution 
of leprosy into stages, premising, however, that the division proposed 
is in great measure an artificial one. 

1. Prifuary infedio7i . — Seeing that leprosy is caused by a specific 
bacillus, there must have been a time in the liistory of every leper 
when the infection entered the body, hut there is no local lesion to 
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mark the spot. Probably it is inoculated on to some accidental breach 
of surface, or, at any rate, intimate contact with a leper seems to be 
essential. 

The bacillus is found in the nasal mucus in the majority of early 
cases of leprosy. It is therefore considered by some that the initial 
lesion of the disease is a specific ulceration of the cartilaginous septum 
of the nose which may give rise to epistaxis. 

2. The period of incuhaiion . — This is generally, possibly always, 
long, and has to bo reckoned usually in years — two or three at least, 
it may be ten. Extreme cases in which the period varied between 
fourteen and forty years have been described (Norman AValker). 
On the other hand, cases are on record in which the incubation period 
w^as set down at three months, or even at a few^ weeks. 

3. Prodrornaia . — Eever of greater or less intensity and occurring 
more or less frequently is, almost invariably, a feature of the pro- 
dromal stage of leprosy. Febrile attacks with weakness and drowsiness 
may recur off and on during one or two years — and may be mistaken 
for malaria. Dyspeptic troubles, associated with diarrhma in some 
cases, with constipation in others, are also coniinon. Epistaxis and 
dryness of the nostrils have been noted. Headache ; \ ertigo ; per- 
versions of sensations — such as localized pruritus, hypenesthesia, 
“ pins and needles,” general aching, rheumatic-like pains in loins, 
back, and elsewliere — all or any of th(‘se may herald the explosion of 
unequivocal leprosy. Lepers, as a ruk*, sweat little (anidrosis), and 
this deficiency in the sweat-glands is limited to certain anuis of tin* 
body, but the liability in sona^ instances to cjccessire sweatinff, which 
conies on without apparent or on very slight provocation, is another 
curious feature of early leprosy. As pointed out by Lcdoir, this 
hyperidrosis may be general, or it may be contined to particular parts, 
most often the trunk, the limbs btdng unaffected or (*v(‘n being the 
subject of anidrosis. 

4. The primary cxanihein . — In a considerable proportion of cases, 
after a longer or shorter period of indifferent health, sometimes preluded 
by an outburst, more severe than usual, of fever and other prodromal 
phenomena, an eruption appears on the skin (Plate XX I). 

The spots may be no larger than a millet-seed, or they m ^y occupy 
surfaces many inches in diameter ; they may be numerous, or there 
may be only two or three ; in some cases they may be pigmented from 
the outset ; or they may be mere vitiliginous patches ; or all three 
forms of macula) may occur in the same individual — erythematous, 
pigmented, and vitiliginous. In not a few lepers, what in the first 
instance was an erythematous patch may in time become pigmented, 
or it may become pale ; in the latter case the loss of pigment is usually 
associated with a certain degree of atrophy of the cutis. In certain 
instances the eruption of the various forms of macula) may be preceded 
by local paraesthesiae, such as a sense of burning, tingling, pricking, 
and so forth. 
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A striking feature of this and of all leprous eruptions is the loss 
of the hair in the affected areas. Another striking circumstance is 
the fact that the most hairy part of the body, the scalp, is never or 
very rarely affected either with leprous eruptions or with leprous 
alopecia. As the face, particularly the superciliary region, is prone 
to all forms of leprous eruption, depilation of the eyebrows is a very 
usual, very early, and very characteristic phenomenon. The beard, 
too, is apt to be patchy, particularly in nodular leprosy. 

The most frequent seats of the })rimary macular eruption are the 
face, especially the superciliary region, the nose, cheeks, and ears ; 
the extensor surfaces of the limbs ; the backs of the hands ; the back, 
buttocks, abdomen, and chest. The palms of the hands and the 
soles of the feet are rarely if ever attacked. At this stage of the disease 
the mucous membranes are very seldom affected. 

5. The period oj specific deposit . — Sooner or later, however, another 
stage is entered upon, a stage characterized by the deposit or, rather, 
growth of a tissue possessing well-marked specific characters. This 
deposit occurs either in the skin, or in the continuity of the peripheral 
nerve-trunks, or in both. If in the first situaiion, nodular or, as it is 
someliines called, tubercular leprosy is the result ; if in the second, 
we have lU'rve or anaesthetic leprosy : if in both of these situations, 
then what is known as “ mixed leprosy ” is produced. 

NoDULAii i.Ei‘in)SY. — This form of leprosy often appears without 
a well-marked preliminary macular stage, being ushered in, after a 
longer or shorter prodromal stage, by a smart attack of fever and 
the rapid de\ elopinent, on the face or elsewhere, of the specific 
lesion. 

The essential elenumt in nodular leprosy is the leproma. The 
dimensions, the combinations, the situations, the growth, and the 
decay of this give rise to the more manifest symptoms of the earlier 
stages, at all (‘vents, of the disease. The leproma is formed by 
infiltration of tbe deeper layers of the derma with what at first is a 
small-C(^ll(‘d, somewhat dense neoplasi]i. In size it ranges from the 
dimensions of a split pea, or of a bean, to a great plaque many inches 
across. In colour it differs according to its age and condition, and 
according to the natural hue of the skin of the leper ; it varies from 
red to dirty pink in the earlier and congestive active stage, to dark 
brown or dirty yellow in the later stages. It is generally — though not 
always, especially at first — anfcsthetic to some degree, if not absolutely 
so ; it is devoid of hair, usually somewhat greasy-looking and, perhaps, 
stippled with gaping sebaceous follicles. Isolated lepromata are 
generally round or oval ; when contiguous they may coalesce, forming 
patches of irregular outline. 

When jnany lepromata run togetlier, or are closely set, the growth 
causes the natural folds of the skin to be exaggerated ; great dis- 
ligureiuont, especially of the face, may ensue. The appearance becomes 
repulsive and “ leonine ” (Fig. 70). 
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Nodules may appear in greater or less ])rofusion on the limbs and 
body ; favourite sites being the backs of the hands, the external 
surfaces of the arms, the wrists, the thighs, and the groins. 

From time to time, and at longer or sliorter intervals, fresh lepro- 
mata appear, their formation generally concurring with an outburst 
of fever. The normal and usual fate of the nodule is either first to 
soften in the centre and tlien to be absorl)ed, leaving a smooth circular 
patch of scar tissue ; or, after softening, to ulcerate and discharge 
a sticky, yellowish pus. 

When the septum of the nose is affected, the cartilage br(‘aks 


Fig. 70. — Nodular leprosy in an Egyptian. (Photo, Dr, II, K. A^'f.nut,) 



down, the tip of the organ ])Ocomes depressed, and a stinking 
discharge escapes from the nostrils. 

The eyes, also, are sooner or lat(‘r attacked, leproJUatous growth 
spreading from the conjunctiva on to the cornt'a or into tlie anterior 
chamber, or originating in the iris or ciliary body. Ultimately these 
organs also are destroyed. The hypersecretion of se])aceous material 
in the region of the nose and facial lesions of nodular leprosy served 
in ancient times as a test for this disease ; the suspected eruption being 
washed with water, and if the surface was not wetted, this fact was 
in favour of leprosy. 

Fortunately, in a large ])roportion of cases the leper is mercifullj 
carried off by phthisis, pneumonia, or some intercurrent affection 
at an earlier period, and before his disease can be said to have run 
its full course. 


ANESTHETIC LEPROSY. 

Sli<)winj:i macular rash around elbow-joint. Note atrophic 
appearance of skin. {Oym. casi\) 

J’LATK XXII 
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Ni<:rve lepkosv. - Just as in nodular leprosy, in nervi; leprosy 
the prodromal and macular stages may he severe, or slight, or altogether 
absent. Usually, however, in nerve leprosy much more frequently 
than in nodular le})rosy, the ulterior and more distinctive lesions are 
preluded by a long and well-marked macular stage, during which large 
areas of skin are occupied by erythematous, by pigmented, or by 
vitiliginous patches. The ringed form of eruption is a very usual 
one ; a red, congested, slightly elevated and, perhaps hyperaesthetic 
border enclosing a larger or smaller area of pale, anaesthetic, non- 
sweating integument — the whole resembling somewhat one of those 
extensive body-ringworms so common in natives of hot, damp 
climates, and for which these rings are sometimes mistaken. 
(Plate XX 11.) 

A frequent and very distinctive symptom of this typo of the disease, 
occurring often about this time, is the sudden appearance of bullae 
{pemphigus leprosus) of various sizes — one or more or a series of them — 
on the hands, feet, knees, backs of thighs, or elsewhere. After a few 
days they rupture, exposing a reddish surfacti which presently crusts 
over, exfoliates, and finally turns into a pale, perhaps anaesthetic 
spot with a sharply defined pigmented border. ^lore rarely the site 
of the bulla ulcerates. 

A time comes when evidence of profound implication of the nervous 
system, in the shape of severe neuralgic pains, formication, hyper- 
aisthesia, or anaBsthesia, becomes more accentuated. The lymphatic 
glands enlarge, and there is often considerable fever with general 
distress. But, whetiier the skin lesions increase or retrogress, evidences 
of profound implication of the peripheral nervous system now distinctly 
show themselv('s ; the neuralgic pains still further increase, and hyper- 
lesthesia, aiuesthesia, and various paraesthesiiB, along with trophic 
chang(‘S in skin, muscle, and hone, the results of nerve destruction, 
become the dominating elements in the case. 

If at this stage the ulnar nerve where it passes round the internal 
condyle of the humerus be examined, generally it will be found to be 
the seat of a fusiform swelling, perhaps as thick as the little finger. 
Other nerves, such as the anterior tibial, the peroneal, more rarely 
the median, radial, brachial, great auricular, and cervical nerves 
especially where they pass over a bone and lie close under the skin, 
can be felt to be similarly swollen. Occasionally even the smaller 
nerves, where superficial, can also be detected hard and cord-like. 
At first these thickened nerves are tender on pressure, and the parts 
they supply may be the seats of hypersesthesia and acute neuralgia. 
By degrees the great thickening of the nerve-trunks decreases somewhat, 
the hypera^sthesia and neuralgia subside, and anaesthesia, paresis, 
muscular atrophy, and other trophic changes take their place. Another 
and sometimes a very striking fact in nerve leprosy is the symmetry 
observed in the distribution of some of the anaesthetic areas. Mcllhenny 
has pointed out that the temperature of anaesthetic digits is from 
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two to throe lower tliaii iioriiiaJ. Abscess fonnation on tla^ 

tilnar nerve has been noted. 

Step by step with the ])rogross of the aiiiesthesia, atrophy of tlu^ 
subjacent nmscios supplied by the thickened nerves proceeds. Along 
with the atropliy there is a corresponding distortion and a corre- 
sponding loss of power. Thus the forearm wastes, the grasp is weakened, 
the thenar and hypothenar eminences and the interossei melt away, 
and the viain-ev-griffe or some such deformity is gradually produced 
(Fig. 71). 

In the affected nerve areas all the muscles are not simultaneously 
or equally attacked, so that, especially in the face, curious distortions 
may ensue. Owdng to muscular atrophy, the eyes, after a time, 
cannot be closed ; the upper lid droops, the low^er lid becomes everted, 
and the eye itself may become fixed (Fig. 72). At first, owing fo 
exposure of the organ, tliere is lachrymation ; but by and by th(‘ secretion 



of tears dries up, tlie congested conjunctiva becomes cornified, tlic 
cornea ulcerates or turns leucomatous, and in the end sight is entirely 
lost. Ulceration often occurs in the mucous membrane of the nost‘. 
the septum being destroyed as in the nodular form ; the tip of the* 
nose may then fall down or be entirely lost. ^J'he lips, too, may beconu* 
paralysed, thereby interfering wdtli articulation and permitting saliva 
to dribble from the moutli in a constant stream. Chang‘?s, too, occur 
in the mucous membrane. 

In time the skin of anaesthetic patches on the limbs tends to atrophy ; 
it loses its glands and hairs, and, in the end, may become so thinned 
and tense that it actually bursts into long cracks. The nails are not 
generally shed, but they become rouglj, or thinned, or atrophied into 
minute, hook-like appendages. 

Ulcers form over exposed parts of the hands and feet. They 
may penetrate and disorganize the joints, and thus often cause fingers 
and toes to drop off, one after another. Or, perhaps, an abscess forms 
around a phalanx, destroys the periosteum, and ultimately leads to 
loss of the bone. In any of these ways the fingers and toes are distorted 
or destroyed. It is no unusual thing to see on a leper’s hand a finger 
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ill wliicli 0110 or iiiuro of the phalaiigos Iiave thus got rid of without 
destruction of the lleshy part, or with only a general shrinking. 

Ferforating ulcer of the solo of the foot, usually under the ball 
of the great foe or the heel, is a very connnon lesion in nerve leprosy. 

On tlie whole, the advance of this form of leprosy is much slower 
than that of the nodular variety. 

Leprides.- — Occasionally, diffuse cutaneous rashes occur on various 



Fig. 72. — Leprotic infiltration causing paresis of facial muscles and 
paralysis of orbicularis palpebrarum. {Orig.) 


parts of the body which resemble tuberculides and, like them, are 
regarded as an allergic manifestation of some leprotic deposit. 

Diagnosis. — The touchstone in all doubtful cases is the presence 
or absence of anoBsthosia in some skin lesion or in some skin area. 
AiiBBSthesia is rarely absent in leprosy ; generally in the implicated 
spots it is complete, or nearly so. It should be particularly sought 
for towards the centre of maculae, in the pale patches left after the 
fading of former maculae, in the hands and feet, and in nodules of some 
standing. In no other skin disease is definite anaesthesia a symptom. 





610 


LEPROSY 


li is usually in tliu diagnosis of incipient ca,s(>s that dilHculty is 
liable to arise. Early deposits are frequently seen or felt on the fore- 
head, and there is often a tell-tale thickening situated in or around 
the naso-labial fold. Powell has pointed out that in the majority of 
cases of leprosy in men hypertrophy of the nipple takes place (Fig. 73). 
Diagnosis of leprosy is made certain by (hanonstration of the bacillus. 



Fig. 73. — Leprosy, showing hypertrophied nipples. (Orig.) 


Very often, this can be done in preparations made from the nasal 
mucus by the discovery of acid-fast bacilli, but it must be remembered 
that they must maintain tlie correct morphology and disposition — -for 
all acid-fast organisms are not necessarily B, leprce. In skin lesions, 
it may be effected by expressing “ leper-juice ” and staining it by the 
Ziehl-Neelsen method, or by actual biopsy of the skin. 

Differential diagnosis. — Vitiligo or lencoderma — sometimes called 
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white leprosy, and by the vulgar very generally regarded as true 
leprosy — bears a certain resemblance to the pale postmacular patches 
referred to ; not to mention other features, the absence of anfcsthesia 
in leucoderma at once settles diagnosis. 

The sensory and trophic lesions of syrmgomyelia might be mistaken 
for nerve leprosy, but the general history of the case, the history or 
presence in leprosy of macular eruption, of thickened nerve-trunks, 
and of enlarged lymphatic glands, and the absence of these phenomena 
in syringomyelia, are mostly sufficient to establish a diagnosis. 
(Teneraliz(‘d thickening of the peripheral nerve trunks is encountered 
in the somewhat rare hypertrophic peripheral polyneuritis, but which 
presents the picture of a general flaccid paralysis, especially of the 
hands. 

It is possible that the early lesions of Mycosis furujoides might be 
mistakeji for the early lesions of leprosy ; but this is hardly possible in 
the fully developed picture of the disease. 

'J'he occurrence of an acid-fast bacillus in the sputum of a patient 
coining from a country in wdiich leprosy is common should be regarded 
with suspicion, and its true nature tested by injection of the sputum 
into the guinea-pig, as tubercular infection commonly coexists in 
lepers. 

It is hardly necessary to point out the diagnostic marks of leprosy 
as against syphilis, erythema multiforme, erythema nodosum, 
acrodynia (a disease allied to ergotism), trypanosomiasis, lupus vulgaris, 
lupus erythematosus, psoriasis, eczema, lichen planus, cheloid, body- 
ringworm, erythrasma, pityriasis versicolor, pellagra, and tilarial 
elephantiasis. Mistakes can scarcely he made imk^ss from carelessness, 
or by someone completely ignorant of the nature, history, and symptoms 
of these diseases. 

Muir and Hoy state that in mild early cases of leprosy positive 
reactions indicate coincident spirocluntal disease, but in advanced 
cutaneous and mixed cases, on the other hand, especially those subject 
to attacks of lepra fever, a positive Wassermann reaction by itself does 
not indicate sypliilitic infection. This reaction, therefore, cannot 
always he relied upon as a guide in ditlerential diagnosis, for Lloyd, 
Muir, and ^litra reported that 68 per cent, of nodular cases and 27 per 
cent, of anaesthetic cases in adults gave positive reactions : at least 
three-quarters of these are due to coexisting syphilis as evidenced by 
the effect of antisyphilitic treatment. There remains a small residue 
of cases in which the positive reaction appears to be due to leprosy 
alone, especially in the nodular form. 

When confirmation of a clinical diagnosis is required a portion 
of tissue may be excised for microscopic section, or the bacilli may 
be demonstrated in the nasal mucus or in serous fluid expressed from 
a nodule. By raising a blister on a nodule, or on an anflcsthetic patch, 
by means of carbon-dioxide snow, a quantity of serum may be obtained 
in which on centrifugation leprosy bacilli may be demonstrated. 
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Rubino's reaction.— A good deal has been made recently of the value of 
the sedimentation-rate in the diagnosis of leprosy. WestcTgren’s method 
is usually used. The citrated blood is placed in a tube up to a certain mark 
and the rate of the sedimentation noted in millimetres at the end of one, 
two, and twenty-four hours. Generally speaking, the rate is greater in omen 
than in men. Sedimentation-rate is always decreased in leprosy, and con- 
currently the cholesterol content of the blood is reduced. Rubino has more 
recently advocated an agglutination-sedimentation t(‘st with formolized 
sheep’s corpuscles. The sensitiveness of the reaction is erlear and is nevc^r 
obtained in any condition except leprosy. The serum of lepers contains a 
specific substance which causes rapid agglutination and sedimentation of 
formolized sheep’s corpuscles. The reaction is positive if the sedimentation 
is produced in less than an hour with the formolized corpuscles. 

An iniradermal lepromin reaction (an extract of leproinatous material) 
has been used in diagnosis, and, when positive, may be regarded as a 
sign of existing immunity. 

Prognosis. — Complete recovery is an event so rare in leprosy 
that, though it may be hoped for, it must not be expected. Recovery 
from the actual disease itself — that is, in the sense that fresh leprous 
infiltration may cease to occur, and old infiltration may be absorbed, 
and that the bacilli may die out — is perhaps the rule in nerve leprosy ; 
but the effects of the leprous process are generally permanent, the 
trophic lesions resulting from nerve destruction being irremediable. 
Such cases may live, however, for many years — thirty or forty — and 
die of some other disease, though in an appreciable proportion, according 
to Muir, the disease becomes arrested. 

Nodular leprosy is usually a much more acute disease than nerve 
leprosy, sapping the strength and general health much more effectually 
and more quickly. It rarely runs its full course, death being brought 
about by some intercurrent disease, such as, and especially, phthisis, 
or nephritis, albuminoid degeneration of the alimentary tract, dysentery, 
stenosis of the larynx, or pneumonia. It may even prove fatal as a 
sort of “ galloping ” leprosy within a year of its first declaring itself. 


Treatment 

One is very apt to be deceived in estimating the value of a drug 
in leprosy. The leper applies for treatment generally during, or soon 
after, one of the periodical exacerbations of the disease, and when 
the nodules and other eruptions are active and well pronounced. In 
the natural course of events, and without treatment of any description, 
especially if the patient bo placed under favourable hygienic conditions, 
these acute manifestations tend to become quiescent, and the disease 
temporarily to ameliorate ; this temporary improvement is then a})t 
to be ascribed to the drug. 

Chaulmoogra treatment. — Cliaidmooijra oil {Oleum gi/nocardium, 
obtained from the seeds of Tarakiogenos kurzii in Burma and Assam : 
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Hyd}U)carpus wiyhliana in Southern India ; and H. anthelminfica in 
Siam and China), in doses of from 2 to 10 up to 40 drops or more, 
according to tolerance, throe times a day, together with inunction of 
Ihe same drug mixed with some oil, is a favourite remedy with practi- 
< ioners. Such lepers as can assimilate large doses of this drug appear 
to derive benefit. The oil of Hydnomrjms ivighiiana is much preferred 
by many observers, notably Rogers, to the former. It has the further 
advantage of being more easily procurable, being grown in gardens 
and accessible places all over the south of India, so that the seeds 
can be obtained fresh. 

Eilu/l csiers of chaulmoogra . — Originally Messrs. Bayer & Co. pro- 
duced an ethyl est(‘r of chaulmoogra which tht^y named Anfileprol ; 
this is ])ut 11 ]) in capsules of 15 gr. (1 grin.) each and given intramus- 
cularly or by tht‘ mouth twice wecdvly, and in gradually increasing 
doses. Lat(T, Denin and McDonald, in Honolulu, believing chaulmoogra 
oil to b(‘ inabsorbable wlaai inject(*d as such into the tissues, produced 
a similar ])n‘parali()n for intramuscular injection. 

Tbe ethyl osti'rs of chaulmoogra are given as an intramuscular 
inji'ction, commencing with 1 c.c. a wetdv and gradually increasing the 
amount till 5 or 6 c.c. are n^ached. The preparation is now available 
as Moogrol (Burroughs Wellcome), ddie iodized ethyl esters of chaul- 
moogra (iodized Moogrol), are given by the intradermal method, 1 c.c. 
being givei] at AV(*ekly int(Tvals, gradually increasing the dose till 5 c.c. 
are readied, d’lu* lt*protic lesion should be completely infiltrated by 
])roducing coal(‘scing “ injection weals.” When the lesions are so 
small that 5 c.c. cannot be injected into them, the balance should be 
givf'ii intramuscularly. At the same time calcium-iodo-ricinoleate — 
known as iodicin (B.W. A Co.) — is given in tabloid capsules by the 
mouth three tineas daily. The initial dose should be 0-25 grin, per 
100 lb. of ])ati(‘nt's body-weight, and it is recommended that it should 
be gradually increased till a maximum of 1 grin, per 100 lb. of body- 
w(‘iglit is reached. 

A more recent preparation is Alepol (Burroughs Wellcome), the 
sodium salts of a selected fraction of the less irritating lower melting- 
point fatty acid of hydnocarpus oil. A 3-per-cent, solution can usually 
be giy(‘n subcutaneously, or intramuscularly, without causing pain, 
and 1 -per-cent, solution intravenously. Alepol is much cheaper than 
the ethyl esters, and two doses given weekly for one year cost two 
shillings. If an equal quantity of blood abstracted from the vein is 
mixed with the alepol before intravenous injection, this method obviates 
thrombosis. 

As very small intravenous doses of alepol may occasionally produce 
long and severe reactions, it is desirable to begin with intramuscular 
and subcutaneous doses of 1 c.c. of the 3-per-cent, solution (increased 
by 0-5 c.c. to 5 c.c. or more) twice weekly, until saturation has been 
obtained. In cases which do not respond well to this treatment 
intravenous injections may be given once a week, alternating with 
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intramuscular ones, cuininencing with 1 c.c. of a 1 -per-cent, solution 
and increasing by the same amount at each injection to 5 c.c. or more. 
It is better to use intramuscular injections until reactions cease before 
commencing the intravenous route. 

Sodium hydnocarpaic in a 3 -per-cent, solution is given intramuscularly 
or subcutaneously, twice weekly in doses commencing with 0*5 c.c. and 
increased by the same amount at each dose up to 5 0 c.c. or more. 

Some authorities have preferred fiodiuni morrhuate (1 c.c.) combined with 
the gynocardate. 

Two other modern methods of injecting chaulmoogra must be nTerred 
to. The mixture known as K.C.C.O. consists of the ethyl ester of H ydnocarpus 
wightiana, creosote, camphor, and olive oil, given hypodermically in ^-c.c. 
doses, intravenously in J-c.c. doses, the maximum being 1\ c.c. The second 
form, C.E.I., is a mixture of : 

Chaulmoogra .... 50 parts. 

Sulphuric ether .... 50 „ 

Iodine . . . . . .01 part. 

The latter preparation should be increased up to the point of tolerance. 
The initial doses, given intravenously — daily injections — arc 0-25 c.c., in- 
creased very gradually till 1 c.c. is reached. C.E.I. ])r(xluces a considerable 
reaction ; it may be varied with injections of E.C.C.O. 

Method of intradermal infiltration. — Muir (1931) has recom- 
memlod ijitradermal infiltration of the skin with hydnocarpus esters. 
The ethyl esters are treated with steam and iodized to remove their 
irritative properties. From 10-20 sq. in. of skin may he infiltrated 
by as many as eighty to a hundred punctures, with a short needle, 
and as much as 5 c.c. of the esters injected. A skilled worker, it is 
said, can perform this within two minutes. The addition of 4-per- 
cent. creosote to the esters renders them less irritating. 

Other drugs. Ephedrme . — An alkaloid obtained from the drug 
Ma Huang, in doses of 2 gr., given in hard gelatin capsules by the 
mouth, is recommended by Muir for the alleviation of the distressing 
nerve pains of leprosy. 

Sulplianilarnides. — The Editor has seen one case in which remarkable 
clinical improvement coincided witli massive dosage (4 grm. daily) of 
M. & B. 698. This drug appears to produce a general systemic reaction 
and its indications in the future treatment of leprosy should be explored. 

Antimony and its salts have recently received a trial. It may 
be given in the colloidal form as an intramuscular injection, known 
as Oscol stibium, 1 c.c. being given at intervals of three days ; or 
intravenously in the form of stibacetin, 0*2 grm. twice weekly. Accor- 
ding to Muir, intravenous antimony-tartrate, given intravenously by 
the same method as in kala-azar, has the effect of controlling prolonged 
febrile reactions. 

Carbon- dioxide snow. — Some reference must bo made to what is 
known as Paldrock’s method of treatment in Dorpat. This is the 
application of CO 2 snow, not only to the leprous tissue but a groat 



TREATMENT: SURGICAL MEASURES 615 

many of the nodules in the vicinity ; this general effect only lasts a 
short time. 

It is most important that coexisting syphilis should he recognized 
and energetically treated with salvarsan and potassium iodide. Almost 
equally important is it that other infections, such an ancylostomiasis 
and malaria, should also ho cleared up. In such cases rapid improve- 
ment in the general condition of flu; patient ensues, as well as in his 
leprosy. 

Intranasal therapy. — In view of the danger of contagion from 
the nasal discharge of lepers, this method is important. It consists of 
ionization of the infected nasal mucosa with l-per-cent. sodium 
salts of H. wightiana with alepol or potassium iodide. It is said that 
tlie number of leprosy bacilli in the nasal discharge is reduced in 10 to 
14 days. A current of 20-30 ma. for 20 to 80 minutes is applied to 
each nostril separately, and tliree or more sessions at bi-weekly intervals 
are required to clear up the local infection. Although unpleasant, 
the treatment is well borne, even by children. 

Protein -shock therapy.— The favourable results produced by 
febrile reactions in leprosy have led various observers to try intravenous 
and subcutaneous injections of various organisms. Kow, in Bombay, 
has recorded improvement after weekly subcutaneous injection of 
autolysed cultures of tubercle bacilli, washed free of fatty substance 
by petrol ether. Hasson has claimed remarkable results in nodular 
leprosy from intravenous injections of dead leprosy bacilli obtained 
from leprotic lesions and killed cultures of Bdcillus jn/ocyaneus. A 
great febrile redaction is thereby j>roduced ; in order to obtain improve- 
ment, ten or more of these injections are necessary. The Editor has 
seen equally good results follow the intravenous injection of milk, 
or mixed typhoid and paratyphoid vaccine in graduated doses, and 
he believes that distinct benefit accrues from what is, in effect, “ protein- 
shock ” treatment in healing up intractable ulcerations. The treatment 
is commenced with 50 million typhoid-paratyphoid organisms, and 
the dose is gradually increased to 200-300 in order to obtain satisfactory 
reactions. 

Surgical measures. — When leprous nodules spn^ad on to the cornea 
and threaten to interfere with the line of vision, Brock jnann has shown that 
the extension of the leproina may bo arrested by division of the cornea 
on the pupillary side of the lesion ; it is found that the bacilli do not traverse 
the cicatrix. Tarsorrhaphy for ectropion of the lower lid, iridectomy for 
iritis or synechise, tracheotomy for laryngeal stenosis, and necrotomy for 
bone disease, may sometimes have to be performed. Horder strongly recom- 
mends amputation for j^rforating or other forms of leg ulceration, as the 
general health is much improved by the removal of such sources of sepsis. 
The existence of leprosy does not materially interfere with the success of 
surgical operations. Manson once removed an enormous elephantiasis of 
the scrotum from a confirmed leper ; the presence of the leprosy did not 
l^revent sound healing of the extensive operation wound, the man making 
a good recovery from the operation. 
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Deformities may be corrected and functions restored by massage, baths 
and active exercise. Those with marked contractures, in which motion is 
absent, can be treated by deep therapy Jight, massagf*, passive extension, 
splinting and bandaging. Necrosis can be treated by ultra-violet rays ; 
rarefying osteitis by the same means, massage, and exercise, l^itients with 
nerve lesions can be treated by diathermy. 

If only one tubercle or one limited leproniacule, is {)resent, and there 
have been no constitutional signs of a general invasion, it is advisable to 
excise freely the affected spot. 

Other symptoms have to be treatcid as they arise* ; laryngeal affections 
may require insufflation of cocaine. Ijtqwotic iritis may be extremely diflieult 
to treat, and often atropine drops are of little avail. In these eases hyoscine 
(scopolamine) hydrobromide, t-])er-cent. solution, may lx* used in th(^ form 
of drops ; it usually gives relief. For the offensive nasal discharge the follow- 
ing nr lotion will be found useful : 

B Sod. chlorid . .... gr.xxii (1 -42 grm.) 

Sod. bicarb. .... gr.xxii (1-42 grm.) 

Pot. chlorid. , . . , 5” (7*78 grm.) 

Calc, phosph. . . . . 5 ss (15-55 grm.) 

Half oz. to be used with |-pint of warm water as a nasal douche. 

The treatment of large leprotic ulcers is often a ]natt(?r of considt^r- 
able difficulty, because at the base tliere is usually some bone necrosis. 
Bousefield recommends the application of mild antise})tic solution and 
dressing. The ulcer should then ])e scraped, and the necrotic bone 
removed, (jeneral treatment should consist of intramuscular and 
intradermal injections of iodized chaulmoogra esters. For local 
antiseptic treatment 0*5-2 per cent, of copper-sulphate solutions have 
proved best for frequent washings and applications. 

Prophylaxis. — The leper must be regard(‘d as a source of danger 
and, qua leprosy, the only source of danger to any comniimity he may 
live amongst. Therefore a sure and the most effectual way of sup- 
pressing the disease is the thorough isolation of existing lepers. There 
are many difficulties, however, especially in such countries as India, 
in giving practical expression to what appears to be a perftKddy logical 
conclusion — difficulties springing from the rights of the individual, 
finance difficulties, difficulties arising from concealment or incorrect 
diagnosis as well as from the continued introduction ef fre^h cases 
from without. 

As an instance of the possibilities open to segregation, if carried 
out on thoroughly practical scientific and humanitarian lines, the 
Culion Island Leper Colony, in the Philippines, organized and developed 
under Victor Heiser, may be cited. On the island is situated a town, 
with laundry, theatre, and schools complete. When segregation of 
lepers was enacted, it was found that little compulsion was necessary, 
owing to the obvious advantages offered to the sufferers. Some 
8,000 lepers were segregated, and at the end of ten years the number 
had been reduced to 3,000 by natural processes and the nearly complete 
cessation of new infections. Such a rapid reduction within one decade 
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cannot be explained on any other grounds than the success of the 
measures adopted in removing the sources of infection. Lull reports 
that since special attention has been devoted to improvements in the 
dietary, and intensive treatment with the ethyl esters of chaulmoogra, 
good results have been obtained, especially with children, among whom, 
out of 70 cases, 54 per cent, have become negative. Since institution 
of these measures, 2,448 lepers have been released, and since 1907 
over £4,000,000 have been spent by the Government on the segregation 
of lepers. 

Lepers ought not to be allowed to beg in the streets — as is often 
the case in Eastern cities— to keep shops, or handle food or clothes 
intended for sak^, to wander about the country as pedlars or mendi- 
cants, to hire themselves out as servants or })rostitutes, or to frequent 
fairs and public places. A child born of a leper should at onc(‘ be 
removed from the diseased parent and, if necessary, cared for at tlie 
public expense. 
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YAWS (FRAMBCESIA) 

Synonyms. — Plan ; Framboesia ; Boubas (Brazil) ; Coko (Fiji) ; 
Parangi^ (Ceylon) ; Dube (Gold Coast) ; Purrii (Malaya). 

Definition, — Yaws is a contagious inoculable disease, character- 
ized by a primary sore, and an indefinite incubation period, followed 
usually by fever, by rheumatic-like pains, and by the ap[)earance 
of papules which generally develop into a fungating, encrusted, granu- 
lomatous eruption. Running a chronic course, it is })ro‘ective against 
a second attack. The disease is caused by Spirodutita {Treponema) 
pertenue, and is controlled by salvarsan and certain ))ismuth salts. 
All authorities emphasize that yaws is a very widespread and disabling 
disease. 

In this account it is impossible to delve minutely into the questioii 
of the identity, or othrrwise, of yaws with S3qdiilis. The former is now 
thought to be men^l}^ a ])rimitive and tropical form of the letter. 
Throughout this account the reader should realize that the organisms 
of 3^aws and s^'philis are indistinguishable and the lesions produced 
are extremely difficult to differentiate. 

History. — The first descriptions, Ev Oviedo, of what \^e know as yaws 
did not appear until the sixtiMuith eenturv*. Bel‘t)re this |)eriod the allusions 
in the literature ap})ear to be mere surniises. The deductions made from 
historical records suggest that yaws is of more ancient lineage than syphilis. 
It is clear that what we now know as syphilis appeared with dramatic sudden- 
ness at the end of the fifteenth eentur\\ and, as a new disease of devastating 
character, spread rapidfy over Europe. According to historical records, the 
disease broke out after the return of Columbus to Spain. Oviedo (1478- 
1557) was in Barcelona at the time, and in his Historia Gene^-al y T alural de 
las Indias, he stated that the disease was contracted from Indian women by 
the Spaniards who accom})anied Columbus, that it was brought by them to 
Spain, and transmitted to the army of Charles VlII. Las Casas (1474-1556) 
in his Hisforia de las Jridias, refers to a disease which was very dangerous to 
Spaniards, and was known as syphilis, being known in Italy as the “ French 
malady.” Dias dci Isla, a j)hysician praedising in Barcelona in 1493, gives a 
very complete account of the disease and state's that it was unknown before 
that year, and that it was brought by the (;rew of (blumbus on their return 
from the first voyage to Haiti. Dias himself treat<‘d several sailors from the 
squadron, including the pilot. Pinion of Palo^ 

‘ This word means “ foreigner/' a term applied by the natives to the European invaders 
of Ceylon. 
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In the auluniii of 1493, Charles Vlll of France invaded Italy with a 
rabble arn\y. He captured Naples on February 22, 149o, but .» new jdague 
(syphilis), aeeoni})anied by severe skin l<‘sions, broke out and necessitated 
the (‘vaeuation of the. city. 44ie* spread of syphilis <*ari l>c traced, according 
to Pusey (1933) with th(* disjuaml of Cliarles’s army throughout Furope. In 
1497 it reached England and Scotland. In Ja])ati it was not recognized till 
1.709 at Nagasaki, vvlu're it was attributed to Chinese and Portuguese sailors. 

The evidence available from bone remains tends to confirm the present 
view. According to th(‘ far-reaching rescairches of such authoriti(‘S as \'irchow 
(1896) and Elliot Smith (1930), no syphilitic bone of ])r( -Columbian origin 
has been discovenal. On the* other hand. Means (192,7) and Williams (1932) 
have found the long bones of Indians showing evidences of syphilis in primitive 
races in North and South America ; and th(‘ former found evidences of it in 
skeletons of the prehistoric mound-building Indians of Ohio. 

Recent rieics on the syphilis-ynu's question, — In Jamaica, Turner, Saunders, 
and .Johnson record that no cardiac disease has been encountered in yaws 
cases, and this has been confirmed by radiographic examinations. In their 
critical survey of the disease^ as it appears in that island, they bring forward 
s(*veral new ])oi!its. The: '' attack rate ” in adults is fV)und to bo as great 
as in children, and yet nothing like congenital syj)hilis has been seen in 
Jamaican babies, and this is held as strong evidence against the identity of 
syphilis and yaws. Infants and children in Jamaica are more liable to 
infection than are adults, and 90 per cent, of i;as(*s contract the disease before 
they are fifteen years of age. All the female casc*s give a d(Tinite history of 
having contracted the disease from their yaws-infected children. 

It may w(‘ll be that yaws and syphilis have s{)rung from a common ancestor. 
In the ease of the forimu' it is [)robabk' that the spirochaJc, undtT the more 
primitive conditions of the tropics, has been spread from man to man by 
intimate contact, wliilst the syphilitic spirocha3te under more civilized con- 
ditions, where such contact is not po.ssible, came to be communicated by the 
venereal route* and th(‘reby assumed a more virulent character and (‘volved 
(as do certain other spirocluetes) a neurotropic strain. Intermediate forms 
between the two classical forms of these diseases, which are so closely related 
as to be zoologically referabh* as “ subspecies,' ’ undoubtedly have become 
evolved in time, as in the nonvenereal child syphilis of the Arab tribes of the 
Euphratt'S and Iraxp and known as “ Bejel ” (Hudson). This disease has been 
well described by Hudson in Mosul, Dulaim, and Amarah, where there is a 
high incidence of syphilis but very little gonorrhu3a. The sy[)hilis is spread 
by }K*rs()nal contact, is of low virulenct*, gives a ])ositive Wassermann reaction 
and corresponds to the endemic s\'philis of Asia Minor described by von 
Hliring. The most frequent lesions are found in the mucous membranes of 
the mouth ; but in other res])ects — in the special atlinity for children, and in 
the production of hyiK^rkeratosis and dej)igmentation — it resembles yaws, 
and cireinate lesions of the solt*s of the feet, resembling crab-yaws, are com- 
mon. The depigmentation of the palms of hands resembles that described 
by Lacaperc in Morocco. 

The hlditor has been criticized for the inclusion of yaws in the ambit of 
tropical diseases and it has been suggested that yaws and syphilis should be 
included as one disease; rather it is better to adhere to the idea that yaws 
represents a form of primitive spirochajtosis which is found only at the present 
day in the tropics. Admiral C. S. Butler, who is an ardent unicist, believes 
that there is only one disease ‘‘ syphilis,” and has cogently stated his 
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concluBions in a booklet, Syphilis siiu: tnorhus hufudaus (193t5), in which he 
combats the generally accepted theory that syphilis was brought back from 
the New World and spread through Kurofie as a plagiu' during the sixteenth 
century. 

The term “ syphilis ’’ was first used in an allegorical poem of Frascatorius 
in 1530 and is the first known description of the disease extant. 

Geographical distribution. — Yaws is coinrnon in tropica] 
Africa, the West Indies, Ceylon, the Pacific islands, Papua, the East 
Indies, and the Malay States. In India and China it appears to be 
rare. Children in the West Indies and Fiji are especially liable to 
be attacked. Possibly yaws was originally introduced into America 
and the West Indies by negro slaves. During recent years it has 
become extremely prevalent in Kenya Colony, Tanganyika Territory, 
and Uganda, where it is spreading with great rapidity. On the other 
hand yaws has disappeared to a great (*xt(‘nt from Cuiana, (Vyloii 
and Barbados, where it was prt‘viously (‘Xtremely rile. 

Epidemiology and endemiology. Coniagion and heredity.— 
x\s yaws is highly contagious, all circumstances favouring contact 
with the subjects of the disease favour its occurr(‘nce. Simple skin- 
contact does not suflice ; a breach of surface is necessar3\ The 
knowledge that the secretions from yaws lesions could transf(T the 
disease to another person was wadi known to tlie slaves of the West 
Indies, and furthermore, they practised auto-inoculation in their 
children who did not show a generalized eru|)tion. 

The disease frequently eommenees in a ])re-existing ulcer, the organism 
(Spiroehaete) being conveyed by flies to th(^ ])r(‘viously laceraUal surface 
(p. 521). Cases are prone to originate in certain dirty houses, th(‘ virus 
from previous yaws patients seemingly imy)regnating the floors and walls 
of the filthy huts in which the latter have resided. In this manner the disease 
may be, and in some cases no doubt is, acquired without direct transference 
from an existing case. In some countries, as in Ceylon, yaws is a disease 
of the flat, low-lying districts, while {)ractically absent from the hill country ; 
in Assam, on the other hand, it is more common among the hill tribes than 
among dwellers of the plain. Ramsay has shown in Assam that native hill 
people who only exhibit obscure le.sions, such as condylornata, while living 
at high altitudes, develop florid yaw's wdien they come down to the plains. 
In Jamaica, Saunders and Kumm have emphasiz(‘d the importance of rainfall 
and geological formations on the distribution of yaws. Wherever there is 
porous limestone there is little or no yaw^s. 

Yaws is neither hereditary nor congenital. A ])regnant mother suffering 
from yaws does not give birth to a child suffering from the disease, nor one 
which will subsequently develop yaws unless the virus be first introduced 
directly through a breach of surface after birth. It is not conveyed by the 
milk ; nor does a suckling suffering from yaws necessarily infe(;t its nurse. 

This statement should be qualified by the well-known fact that a syphilis- 
infected mother does not inevitably transmit the disease to her offspring, 
and if she does transmit, she may do so irregularly, not to one child, but 
to the next, and to one only of twins. 

Although two-thirds of the cases in the West Indies, Pacific Islands, and 
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Ceylon occur before puberty, no age is exempt. Three males appear to be 
infected to every one female. It has been frequently remarked that yaws 
shows a predilection for certain native races. On the whole the negro and 
negrito stock is specially liable to be severely attacked. 

Yaws at the present day shows a striking limitation to the tropics, but 
it is a disease so readily communicable by direct contact that it seems remark- 
able that it d(K‘s not spread in temp<;‘rate regions. In the tropics yaws is 
limited to low level anms, and it is restricU‘d to rural districts with primitive 
sanitation. In Haiti, for instance, yaws is the disease of distant villages 
and syphilis with chancre is common in the main town. In the Philippines 
it is the same ; in tin* country, yaws ; in Manila, syphilis. 

iEtioIogy. — In 1905 Castellani demonstrated in scrapings of yaws tissues 
an extremely delicate spirochaete — Sjnrochmta 2 >^rteMue — very like that of 
syphilis. To demonstrate this spirochaete, slides should be prepared from 
scrapings of an incist‘d yaw papule before it has ruptured. The films may 
then be stained with Ciemsa, or made by the indian-ink method ; better 
still, the living j)arasites may be detected in fresh undried films by dark- 
ground illumination. A fully developed yaw is unsuitable because, in 
(!0n8t*(juenee of its having been exposed to external sources of contamination, 
a variety of organisms will be prt*.sc*nt and may confuse the observer. Opinions 
differ with regard to the exact morphology of S. perfenne but later observers, 
including Dobell, have been unable to distinguish any structural differences 
between this spirocluete and S. pallida of syphilis {Fig. 209, 5, p. 892). 

aS’. pertenue has been found in the spleen, lymphatic glands, and bone- 
marrow ; doubtless it occurs in the blood. It is inoculable into monkeys 
and rabbits ; in th(^ former, esjK'cially in the orang-outang, it gives rise to 
lesions similar to those met with in the human subject. 

(’ultivation of S. ptrtrnae was su(*cessfullv performed by Noguchi in 
ascitic fluid containing a ])iece of fresh animal tissue such as the kidney, 
the whole being covered with a layer of sterile paraffin. This rather com- 
plicated techni(jiK‘ has been simplified by the later work of Hata, who 
substituted hors(‘-s(uum, the inoculation being made through the upper 
solidified layer. To succeed in the cultivation of these spirochaetes, strict 
anaerobiosis is necessary. 

Kumm lias brought forward strong evidence that in Jamaica, at any rate, 
a minute fly, Ui})pclatc8 pallipcs, carries the spirochaete from one person to 
anothei’. He has colhaU'd the Mies at the rate of 5,(K10 per hour from one 
ulcer; they (Tawl under the scab and ingest large numbers of S. pfrietiue, 
which are afterwards regurgitated. //. pallipvs is an oscanid fly having 
jieculiar mouth-parts, with proj(*cting spines on the jiseudotrachea^ and labellae. 

Yaws can be successfully inoculated into monkeys by direct subcutaneous 
inoculation. Schdbl (1928) inoculated Cpnomolgus philippinohsis with 
emulsified material from yaws. When the inoculations were made on the 
eyebrows, an induraU'd papule appeared in three to five weeks. By super- 
infection, or by repeated inoculation, he was able to produce a generalized 
yaws in monkeys. Hoffmann has showm that the South American marmoset 
is also a valuable exj>crimcntal animal. 

Pathology.- No visceral (*bciiigt‘s have been found peculiar to 
yaws. An inipc^rtaiif, point of contrast in the morbid anatomy of 
yaws and of syjihilis is the absvmce of endarteritis in the former and 
its frequency in the latter. 
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Symptoms. As m .-y/iin/j.s, t/n- nf ru ws cun be divide, l 

into dim' s(a^'t's- jtniiiary. swoiidary, hikI tertiary. 

l’i!iMAK\ i.i'.suiN {miuira luiba or “ inotlior yaw "j.— AccoreJiu-,' 
to Sellards tho inrnhtilioN period in (*xperiiiioiitaily-inocula((*(l yaws 
in man is lliroo and a lialt to four weoks ; in ox|)('rini(‘ntal a})es it 
may be as long as three months. Naturally-aetiuinal yaws is n'puted 
to have, as a ruby a longer ineuhalion ])eriod than the inoculattal 
disease. The ])rimary lesion may appear as a granuloma or a papule 
at the site of inoculation 1-7 cm. in diameter, and is known as the 
“ frainhncsoma.” It may develop at the site of some old skin lesion. 
Jt is ordinarily ('xtragenital, and may la* situated on any part of the 

laaly. It may occur on the buttock, 
thigh, knet‘, l(*g, arm, ])r(‘ast, or lip 
(Fig. 74), hut is rare on the scalp. 
'J’he lovv(‘r part of the U*g is tla* sit(* 
of predilection : the breasts of nurs- 
ing wonu‘n and the jimuths of suck- 
ling babies arc* not uncommon sites. 
In ^luss and Ihgelow's large seri(‘s 
the genitalia were tlu* seat of the jwi- 
mary lesion in 1 per cent. (uily. In 
native wonu*n it is frequoiitly ob- 
served at tiie bend of tla^ elbow, or 
on the liij), and is contracted in this 
situation from carrying their children 
who an* infected Avith the diseas(*. 
The primary lesion may be so small 
as to escape detection ; it may lx* 
single or niultij)le, and, in fact, groat 
difliculty may be exf)erienced in 
differentiating it from allied cutane- 
ous lesions, but, as a rule, it is rt*- 
markably persistent, lasting from two to four montbs, and it may 
persist for a year or more. 

According to the damaic,an Yaws Commission, tlx^ j)rimary lesion 
is found on !}](* lower extr(‘niities in over 7b ])er cent, of case-. In db 
cases it was found : 

On head, face and neck in 1 

On upper extremities ,, 4 

On genitalia ,, 1 

On leg „ 12 

On ankle and foot ,, 21 



Fig. 74 — Primary yaws sore on Ups 
of Australian aborigine child. 

(Dr. U. Dasedotr. Adelaide) 


The lesion on becoming larger becomes covorcui with a yellowish 
secretion or seal). It is at, this stage know)' as the “ mother or master 
yaw,’' the “ mama pian ” of the French. In ordinary locations yaws 
lesions are not painful urdess firmly pressed. 
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Till* a[)prnrancM! of the If^sioii is preceded by a cerlaiii aiiioiiiit of 
(■t)nstitutioiiaI disiurbance. Tbo intensity of the f^^au^ral Byinp- 
tonis vari(‘S within wid(^ limits ; sona-tinH's tlu-y are hardly [X'rceptihle 
and are not C()m|)lain(‘d of, hut usually tljerc* is well-marked iiialais(‘ 
with rheumatic ])ains. Occasionally th(‘ni is S(;vere constitutional 
disturbance lastin;^^ for about a week, with rigor, smart fever (100° 
to 103° ¥.), ])ersist(‘nt headache, pains — worse at night — in the long 
hones, joints, and loins, and s(jnietimes gastric disturbance and 
diarrlaea, especially in children. 3die lymphatic glands in the 
immediate vicinity become eidarged. During the decline of these 
constitutional symptoms the secondary eruption appears. The 
AVassermann reaction heconu'S j)ositive three to four weeks after the 
])rimary lesion and ra])idly grows strongtT in titre. In the early 
lesions the endothelial ])roliferation and ])eri vascular round-cell 
infiltration, so cliaract eristic of syphilis, is present. 

Skcoxdaky stage. — This is ushered in l)y a fine, light-coloured 
furfuraceous desquamation. The skin becomes harsh and dry, loses 
its natural gloss, and here and there the patches of desquamation 
(best appreciated with the aid of a hand lens) are formed. These 
patches are mostly small and circular ; occasionally they are oval, 
irregular, or form rings encircling islets of healthy skin scattered 
irregularly over limbs and trunk ; sometim(‘S they «are almost confluent, 
the patches coalescing and giving rise to an appearance as if the entire 
skin had been dusted over with flour. On the other hand, this fur- 
furaceous desquamation may be so slight as to be overlooked. In 
some instances the lieaping-up of desquamating epidermic scales pro- 
duces white marks, very evident on the dark skin of a negro or oriental. 

This patchy, furfuraceous condition of the skin occurs, not only 
in the early stages of yaws, ])ut may persist throughout the attack, 
or may reappear as a fresh eruption at any time in the course of the 
disease. This condition has been described by Schobl and Sellards 
as “ keratoid exanthem ” in artificially-inoculated yaws. 

Appearance oj the yaiv (Fig. 75). — When the furfuraceous patches 
have been in existence for a few days, minute papules appear in them. 
This very characteristic eruption, from wliich the disease takes one 
of its usLinGS—Jraffibcrsia (or rospbernj) — breaks out three months 
after the primary lesion. These secondary lesions ma}^ var}^ in size 
from a pin’s head to half a crown, and, according to Spittel, they 
commence around the primary sore ('* mother and daughter yaw ”). 
The itching produced by these sores is usually considerable. As in 
syphilis, the eruption may be very pleomorphic ; it may be roseolar, 
or consist of macules with desquamation resembling a squamous 
syphilide. It may appear on any part of the body, especially in 
exposed situations and on the anterior surface. The papules occur 
in groups, the larger appearing to be surrounded by a group of satellites, 
which has given rise to the various native designations for yaws. 
Auto-inoculation is probably responsible for the appearance of these 
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lesions in syininetrieal fashion whenevrr tlu' skin or mucous surfaces 
come into intimate contact ; they are present at the angles of the 
mouth, in the axillae, in tlio anal cleft, and in f lu^ inguinal region ; 



Fig. 75. — Secondary yaws in a Malay boy. {W. E. Le Gros Clarke.) 


in contradistinction to syphilis, they are rarely present on the true 
mucous surfaces, but often in clusters just inside the nostril. Several 
of the groups may coalesce to cover a large surface. 

The yaw is pushed up from the rote xvlalpighii through the horny 
epidermis, which breaks over their summits and splits in radiating 


THE YAWS ERUPTION 


625 


linos liuiii lli(j coiitro, the iiocrosod sognionts oiirling away from the 
incroasing papule. Soon a yellow point appears around a hair follicle, 
consisting of a choosy-looking substance, which cannot bo wiped away 
unless imdno force is used. 

The papule, having arrived at this stage, may eitlier cease to grow, 
the apex becoming do])rossed, or may go on to the formation of the 
typical yaw. In 11 k? latter case the lesion gradually grows into a 
rounded ’excresciaice, the yellow material at the top widening out so 
as to form a complete cap encrusting the little tumour. The smaller 
tumours are h(uriis})herical ; the larger are more tlatteiKal or even 
d(‘])ressed at tJie centre, poss(‘ssing everted, somewhat overhanging, 
rounded edges. Occasionally, though rarely, a big yaw may include 
an area of sound skin. 

I’Ih? tirmly adlu’rent crust which caps and (‘iicloses an uninjured 
yaw is yellowish, granular, blotched with blood-stains and encrusted 
dirt. Dejirived of its crust, the little swelling is seen to be red in 
colour, generally smooth and rounded on the surface, and oozes pale 
yellowish serum, in which spirochaites may be demonstratiHl ; when 
inspissated, this serum forms a fresh cap to the yaw, and on microscopic 
examination is found to be teeming witli the organisms. According 
to size, it stands out anything from J to | in. above the surroiuiding 
healthy skin. Ihis, unless as a conseqiaaice of irritation, is not, as 
a rule, found under the crust. 

Although the formation of the j)apules and yaws is attended with 
much itching, the yaw itself is iK»t at all sensitive ; the tumour may 
be touch(‘d, with acid eviai, without causing pain a diagnostic point 
of sonu' imporlancie Sometimt‘S, as in syphilis, the eruption has a 
circinati* character, the so-calU‘d “ ringworm yaws." The itching 
of yaws lesions is a point of dit’tVa’entiatioii from syphilis, but, as 
r)laiddo(dv has jioiiited out, this sym]>tom may be connected with 
conditions of ex])osure to ins(‘ct bitt*s, dirt, etc., to which native races 
ar(‘ liable. 

The yaw usually attains its maximum de\ (dopment in two wi^eks. 
For several wt‘eks longer it remains stationary before beginning to 
shrink. The crust tlu^n thins, shrinks, darkens, separates at the 
f)eriph(‘ry, and at last falls off, disclosing at tlie site of the former 
fungating mass a slightly thickened s|K)t of fairly sound skin, which, 
though pale at first, may subsecpu'ntly bi'conie hyperpigmeiited. 

Histologically, the individual yaw I'onsists of hyperplasia of the 
true epidermis and formation of granulation tissue : giant cells may 
be present. 

Sometimes the secondary rash takes on a papular appearance, 
when the lesions are known as “ acuminate papules." These are 
symmetrically distributed over the back, shoulders, arms, elbows 
and knees, and much resemble a follicular syphilide. Secondary 
lesions may last from six months to a year. Simultaneously with 
the appearance of the eruption, as in secondary syphilis, there may 
40 



YAWS 


62 fi 

be a uijifunn, [)aiiiless eiilargeineiii of Ujo lynil>lia(ie glands, in Mh* 
aspirated lymph of which the specilic niicro-organisni may be demon- 
strated. AVhen the lesions sul)side, ])igmen<ed spots remain as in 
secondary syphilis, and are specially noticeable on the i)alnis of the 
hands. 

Lichenoid eruptions. -Lic/ica frmnbwsianus {''Plan daire'') 
is a lichenoid generalized eruption of tlie skin described ))y Dutclj 
writers in the East Indies. It is a micropapular eruption which is 
very striking in apf)earanco and is not associa,t(‘d with ijau's papuleH. 
It is, of course, analogous to secondary lichenoid eruptions in syphilis, 
and must be distinguished from otlier lichenoid eruptions, such as 
lichen rul)er planus, lichen pilaris and lichen scrofulosorum. It is 
now^ generally recognized as an early secondary manifestation in 



Fig. 76. -^Tertiary yaws ulceration on forearm of European. d)r}(j.) 

children and young adults. It is the same condition as has been 
described by Eicholls as “ furfuraceous desquamation ” and ])y German 
writers as the early framboesiform efflorescence. The lichenoid eruption 
is apt to occur in patches over the shoulders and, according to I)eil)el 
and Elsbach, there is a tendency to iiyperpigmentation of the peri- 
pheral micropa})ules, associated with depigmentatlon of tiie centre. 

The serum of patients in the secondary stage gives markc'd positive 
Wassermaim and Kahn reactions, and this makes the differential 
diagnosis from syphilis, by tluise means, impossible. 

Tertiaky stage. — It sometimes happens that the tumours, in 
place of becoming absorbed, break dowm and ulcerate, the ulceration, 
however, which may last for years, being confined to the yaw itself. 
In other instances ulceration goes deeper and extends circumferentially, 
giving rise to extensive sores with subsequent cicatricial contractions. 
Buch ulcerations occur in about 8 per cent, of cases and may, or may 
not, be encrusted. (Fig. 7G.) With the development of the deeper and 
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wider forms of ulceration the typical lesions of yaws may disappear for a 
time, or perhaps permanently. In the latter case the ulcers are said 
to be non-infective. Ulceration of the greater part of the limbs, 
especially the leg and ankle, may take place. Tertiary manifestations 
are seldom observed in cases which present late secoruiary lesions. 
'J’h(‘ serum of th(‘se cases gives positive Wassermann and Kahn reactions, 



Fig. 77. — Tertiary yaws. Onychia of fingers. 

(ir. E. Le Gros Clarke.) 


but the cerebro-s])inal fluid, in cases of advanced ulceration of the nose 
and other parts of the body, gives a negative Wassermann reaction with 
normal cellular and biochemical contents (Fernando and de Ogampo). 

Lesions oj the hands. A scaly conditioii of the palms of the hands 
may persist for years. A multiple dactylitis, with uniform swelling 
of the phalanges, onychia, paronychia, atrophy of the nails, and sub- 
sequent deformity, is often observed. (Fig. 77.) 
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Foot yaics (“Dumas,” or pink parangi -Ceylon ; “crabs,” or 
“ crab yaws ” — West Indies). — When a yaw develops on the sole of 
the foot, in consequence of being bound down by the dense and thick 
epidermis, it causes much suffering. Spreading laterally under the 



Fig. 78. — Foot yaws, or “ crab yaws.*' {Dr. J. G. Bred.) 


thick, leathery, and unyielding epidermis, it may attain a large size. 
After a time the epidermis over the growth gives way, splitting up in 
a radiating fashion (Fig. 78). Pressure being thus nanoved, the yaw 
fungates, and suffering diminishes. Crab yaws may last a lifetime 
after inb'ction in childhood. Chesterman suggests that in the foot 
lesions a fixation point for S. perlemie is formed. A condition known 
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n% “ olavus ” in 1 Jtjminica renults from the healin^^ of these granulo- 
ma ia ; the centre of the eon^ drops out, leaving an irregular erosion 
ot the sole of the foot, or there may be deep lissun's or cracks. A 
similar condition of pitting occurs on the palms of tlu^ hands. Accord- 
ing to Sayers, this is the commonest lesion of yaws in tlie Solomon 
Islands, and causes great disability, esp(‘cially in'children ; and when 
bilateral it incapacitates them from walking.* 

(lungosa, or destructive ulcerous rhino-j)haryngitis (Fig. 79), ^vhich 
is noAv generally regarded as a sequel of yaws, usually (‘omnaaices 
as an ulcer on the soft palate. Slowly spreading, it may'make a clean 
sweep of the liard palate, th(‘ 
soft parts, cartilages and ])ones 
of the nose, s})aring tla* upper 
lip, which is l(‘ft as a bridge 
across a great chasm, the floor 
of which is formed by the in- 
tact tongue. A most olTiaisive 
odour is given oil from the 
ulcerated surface. The (lis(‘ase 
may bt; arn*st(al s])ontaneously 
at any jxu’iod of its progn*ss, 
and long Ix'fore so exteiisivi* a 
mutilation as that descrilxxl 
has been effected : but it is 
always a longstanding and 
chronic affair and may liiigtu- 
as an indolent ulceration for 
years. As a rule, the larynx is 
S])ared ; but although phona- 
tion may be retaiiuxl, articu- 
lation is seriously im])airtHl. 

(fangosa occurs at any age, 
but is rare in young adults, 
though ]j(y(‘S stat(‘s that in 
(fuain he has sec'ii it in children of 8, 4, and 9 years of age. It is 
very common in parts of the AVest Indies (])ominica, GO cases in a 
])opulation of 2,000), (iuani (1-5 per ccait. of the population), the 
Carolines, Fiji, Ck'ylon, Fritish Guiana, and AVest, Central, and East 
Africa. It is often found associatcxi with the bone lesions of yaws. 

Goundotiy or Andk/ire (“ GVo5 Nez "'). — In 1882 AlacAlister drew 
attention to what were termed the horned men of Africa, and in 1887 
Lamprey gave further details illustrated with drawings. The natives 
call the disease goundou and anakhre. Later observations that have 
been made show that it has a wide distribution in Central Africa and 
South America, and that a similar disease occurs in the larger apes, 
chimpanzees, and baboons. An ancient Inca skull from Peru, de- 
scribed by Letulle, sliows the characteristic lesions of goundou. 



liij. 79. (ian^osa in an Australian 
aborigine. (/>r. IJ. Basedow, Adelaide.) 
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Stannus and Hanierton have shown that in the apes the hyi)ero8tosis 
is probably the after-result of osteitis cystica. 

Goundou usually coiiiiiiencos during childhood, although adults also 
may be attacked. The earliest symptoms are severe and more or less 
persistent headache which, after a time, is associated with a sanguino- 
purulent discharge from the nostrils and the formation of symmetrical 
swellings the size of a small bean at the side of the nose. Apparently 

the swelling affects the nasal process of 
the superior maxilla. The cartilaga>s 
are not involved. After continuing 
for six or eight months, the headache 
and discharge subside. Not so th(‘ 
paranasal swellings ; these persist, and 
continue slowly and steadily to in- 
crease until in time they may attain 
the size of an orange, or even of an 
ostrich's egg. As th(‘y grow, thc^ 
tumours, encroaching on th(‘ eyes, may 
interfere with ihe line of vision and 
finally destroy these organs. In sevea t' 
cases there is a general diffuse hypero- 
stosis of the anterior part of the max- 
illa. There is no pain in the tumours 
themselves. The superjacent skin is 
not involved, being luailt by-looking 
and freely movable. The tumours an* 
oval, with the long ax(‘S dir(M*i(‘d down- 
wards and slightly from witliin out- 
wards (Fig. 80). Th(^ nostrils are 
bulged inwards and more or less ob- 
structed. The hard ])alate is oftiai 
affected, resulting in the* most hideous 
deformity. Gt'neral glandular enlarge- 
ment may be noted. Traumatism 
Pig. 80. — Goundou. secerns to ])redispoS(‘ to tln^ develop- 

(i)r. r. M. Shepherd.) ment of goundou. 

A case of goundou associated with 
tertiary syphilis has been described in London by Sharpe. Th<? patient 
had never been in the tropics. The lesions resembled the paranasal swellings 


so characteristic of goundou. 

According to recent accounts, cases of goundou in Jamaicans invariably 
give a positive Wassermann reaction. 

The bony outgrowths, not necessarily bilaUnxil, are attached to the nasal 
bone and nasal process of the maxilla, but according to l^otrcau -Roussel 
and Clapier they are not entirely confined to this region ; a similar hyperostosis 
may coexist on the tibia, upper or lower jan, forearm, femur, or clavicle. 
There is a general opinion at present that goundou is a systematized hyper- 
trophic osteitis connected in some way with yaws. 
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The association of goundou with yaws is questioned by some. In the 
present edition this arrangement has been made as a matter of convenience. 
The bony changes of goundou consist of hyperostosis, which may on the one 
hand be limited to the ascending or nasal processes of the superior maxilla, 
or be more widespread and alfect the other bones of the skull as well, with 
an ever-present tendency to the formation of bosses of overgrowth and to 
the obliteration of adjacent cavities. The underlying ])athological process is 
an osteo-y)eriosteal dyscrasia, and the end-result is the production of finely- 
])orous bone. 

As yaws and syphilis are so closely allied, it might be expected that 
similar lesions might be found in the generaliz(‘d osteitis of syphilis, but 
there appears to be very little evidence in that direction. There is very 
little difference between the bony changes of goundou and those which have 



Fig. 8 1, ““Distortion of fingers in tertiary yaws. {Orig.) 

been called leontiasis ossca, and according to Stannus, hyperostosis of the 
facial bones has been recorded in Paget’s disease — osteitis de for mans. Accord- 
ing to modern knowledge then, it seems possible that goundou is more akin 
t/O osteitis fibrosa, due to interference with the bony metabolism and an 
endocrine disorder, and it may wa‘ll be that in this instance yaws constitutes 
the non-specific factor acting on an ill-fed native child population. Goundou- 
like swellings in horses, monkeys and young pigs (“ cachexie osseuso ”) point 
to osteitis fibrosa being the initial stage of this condition and all changes 
between cystic disease of the bones and hypertrophic exostosis can be traced 
in a series of skulls. 

Treatment consists in incising and displacing the periosteum and 
chipping away the bony outgrowth with a chisel. Early cases, accord- 
ing to Botreau-Roussel, yield to intravenous and intramuscular 
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injections of neosalvarsan, four or more injections being necessary 
before improvement is observed. This observer has operated with 
success upon 113 out of 130 cases observed on the French Ivory Coast 
and the reader is referred to liis monograph (Masson et Cie., 1925) 
for furtlier information. 

Perimtiiis, osteitis, and epiphysitis (Figs. 81, 82, 83). — ('ircum- 



Fig. 82. — Tiblal periosteal nodes, ulcers, and deformity of 
phalanges in yaws. (Orig.) 


scribed pahiful periosteal nod(^s arf5 frequently met with on the anterior 
aspect of the long bones, especially the radius, ulna, and tibia. The 
swellings are hot and exquisitely tender, and the superjacent skin is 
tense and stretched. After the subsidence of the acute stage, hard, 
firm periosteal nodes remain. A diffuse osteitis may result in a sabre- 
shaped deformity of the long bones, especially the tibia, though occa- 
sionally the arms and fingers. A rarefying process is also as work, 
for such bones are subject to spontaneous fracture with resulting 
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malunion, accidents which are of common occurrence in those districts 
in which yaws is endemic. Hackett, who has studied the sabre-shaped 
tibiie of the aborigines of Australia, believes that syphilis does not 
occur among these peoples, and that the bone lesions are due to j^aws. 
(V)llo(iuially known as “ boomerang leg,” the deformity is an anterior- 
])ost(‘rior curvature below the knee with a forward convexity ; occasion- 
ally th(Te are bossc's of localized periostitis. Eadiographs show that 
areas of rarefaction appear early and the bone Ijecoines deformed. The 
a})j)e‘arances depemd upon the severity of the initial lesion and the time 
which has edapsod since the onset of the disease. Othe^r lesions of yaws, 
including gangosa, have bc'en noted in ceentral and northern Australia. 
A chnuiic periostitis of the clavicle is of freepient occurrence in Fiji. 



Fig. 83. -Sabre-like deformity of tibia, radius, and ulna, and multiple cutaneous 
ulcerations, in yaws. {Orig.) 


These bone changes are accompanied by intense rheumatic pains, and 
liav(‘ r(^cei\ ed distinctive names, such as ” sasala ” (Fijian). 

Juxia-articular nodules . — Fibrotic tumours situated over the 
olecranon, the lower end of the femur, and in other situations on the 
long bones, are now regarded as a tertiary phenomenon of yaws. 
Formerly they wova regarded as constituting a disease sui generis^ 
but those cases which have been investigated invariably give a positive 
Wasserrnann reaction. Originating subcutaneously, these nodules 
may reach the size of a small orange (Fig. 84). They are remarkably 
painless, and very rarely ulcerate or suppurate. Juxta-articular 
nodules are generally multiple, and usually occur in the neighbourhood 
of the joints, but, according to Steiner, may occur scattered over the 
body. Similar lesions have been described in tertiary syphilis, and 
th(; Spirochaita pallida has been isolated from them (Hu and Frazier), 
while Hudson found the same condition in “ bejel,” the non- venereal 
syphilis of the Arabs, among whom it occurs in 21 per cent, of all thus 
afflicted and is known locally as “ rik.” According to Frontoynant 
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and Girard, they contain uric-acid crystals. In Africa tliey are apt 
to be mistaken for cysts of Onchocerca ivlvnlic^. 

Skin lesions . — The healing of subcutaneous guininata is frequently 
followed by depignientation of the skin, resulting in light-coloured 
or leucodermic patches, especially visible in native races. A macular 
depigrnented exanthem limited to tlie liands, wrists, feet and ankles 
is pathognomonic of yaws and was first di'scrilxMl by Ziemann as 

“ melung.” The contractions result- 



ing from scar tissue may lead to 
partial ankylosis of joints, and in 
severe cas(‘s to the destruction of 
lymph-channels and the production 
of elephantiasis in th(‘ atb'cted limb. 

Synomiis . — A chronic synovitis, 
analogous to that of tertiary syphilis, 
often associated with bone k‘sions, 
and, it may bt‘, Avith disorganization 
of the joint, may be not(‘d. 

Gayujlion and other lesions. — The 
frequency of tcuiosynovitis and gang- 
lion-formation in the Region of th(‘ 
wrist has been noted by Graham, 
Moore, and other observers. These 
ganglia ar(‘ usually associated with 
t(‘nosynovitis and, as extra proof of 
their origin, they both respond in a 
remarkable manner to treatment 
with neosalvarsan and bismuth. 
Stricture' of the* mouth du(‘ to t(*rtiary 
yaws has betvn recorded. 

The gensral health . — Excefit dur- 
ing tlie initial fever, or during one 
of the recurring felirile relapses, the 
general health is not, as a rule, 


Fig. 84.— Juxta-articular nodules. affected. Occasionally, however, 
{Photo : Dr. Watt.) there are debility and cache xia ; or 

there may lie enlargement and 
tenderness of the lymphatic glands. In other instances rheumatic 
pains are a principal feature and may be very severe. 

Immunity. — Afteir the subsidence of the secondary stage a con- 
siderable degree of immunity is produced, but Sellards and Goodpasture 
have shown that this is relative only, for they succa^ssfully reinoculated 
with the disease patients who had undergone a cours(' of salvarsan 
treatment. Apparently saturation of a community with yaws virus 
produces a relative immunity to syphilis On these grounds may be 
explained the apparently well-authenticated fact that syphilis is 
absent amongst the Polynesians of Fiji, Tonga and Samoa, in whom 
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yaws is esp(!cially [H'evaleiit. l^'oriiiorly Fijians wt^rr in the habit 
of inoculating^ their children against yaMs to protect them against 
subsequent attacks of the dis(*ase. As far as acc'urate experiments 
have gone, ininiunity to syjdiilis is acquired much earlier than 
in yaws. 

Duration and recurrences.— Yaw lasts for weeks, or months, or 
years, its duration dep(m(ling on the general health, idiosyncrasy; 
hygienic conditions, and the treatment employed. Mild cases in 
healthy subjects terminate in about six weeks ; the average duration 
of an attack of yaws is estimated at about one year. In other in- 
stances, especially in the debilitated, the disease runs on for months, 
successive crops of (TU{)tion being evolved. Sometimes these recur- 
rences may stop short at the stage of desquamation, or at the 
papular stage, or they may proceed to the formation of typical yaws. 
They are usually ])reced(al by feverishness and pains in the bones and 
joints, and the successive crops may either be limited and partial in 
their distribution, or general. 

Sequelae.- -Harper in Fiji believes that late manifestations of yaws 
occur as in syphilis and that they produce neurological conditions 
resembling those of locomotor ataxia and general paralysis, and Lam- 
b(‘rt has n^conh'd in the South Facihc 42 cases of ^lelanesians and 
1 Polynesians who have* died in Samoa of G.F.L ; furthermore, in their 
cases aneurysmal dilatation and aortic disease are comjjaratively com- 
mon. Chossier, in routine post-mortems in Haiti, has also found 
aneurysms and other arterial degenerations. Eecent writers, too 
(Blacklock), in assessing the clinic.al ditlerentiation of yaws and syphilis, 
have remarked upon the comparative rarity of visceral and neuro- 
logical lesions of the latter amongst native races. Chesterrnan has 
remarked upon the comparative frequency of new growths following 
yaws and has recorded melanoma implanted upon crab yaws of 
the foot. 

Mortality. -Although in the literature of the subject reference 
is made to deaths from yaws, yet, judging from the statistics collected 
l)y Nicholls, the mortality must be very small indeed. 

Diagnosis. — A painless, insensitive, larger or smaller, circular, 
encrusted, red, granulomatous excrescence o(*curring in an endemic 
district is almost certainly yaws. The most important point in con- 
nection with yaws, as regards both diagnosis and adiology, is its relation- 
ship to syplLilis. Both diseases may concur in the same individual 
(Powell cites two cases, and Charlouis two, of syphilis supervening 
on yaws) ; and antecedent syphilis certainly does not confer absolute 
imimmhy to yaws, nor antecedent yaws to syphilis. The serum in both 
diseases, as we have seen, gives a positive Wassermann reaction. Yaws 
may die out in a community, as in British Guiana (Daniels), yet syphilis 
remain ; yaws may be universal in a community, as in the Fijians, 
Tongans and Samoans, and yet true syphilis, whether as an acquired 
or as a congenital disease, be unknown. In yaws, Hutchinson's 
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famous syphilitic triad — tho characteristic notched teeth, nerve deaf- 
ness, and interstitial keratitis — are absent. 

The following table shows at a glance the main points of differentia- 
tion between this disease and syphilis. 


Yaws 

Not congenital. 

Primary sore — extragenital. 

Secondary stage 

(а) Typical yaw pathognomonic ; 

furfuraceous desquamation and 
plantar lesions characteristic. 

(б) Mucous membranes not aflfected. 

(c) Itching common. 

(d) Alopecia unknown. 

(e) Eyes unaffected. 

Tertiary stage 

{a) Visceral lesions absent. 


(h) Nervous system not usually 
affected. 

(c) C.S. fluid always negative 

Wassermann (Fischer ; Turner, 
Saunders and Johnson). 

(d) Blood-vessels : no endothelial 

proliferation as in syphilis. 
Yaws better resisted. Constitu- 
tional disturbance slight ; great 
exuberance of eruption and cheloid 
scarring. 

Does not respond to mercury. 


SvrHiLis 

Congenital . 

Primary sore — usually genital. 
Secondary stage 

(tt) Seldom imitates frambtesia. 


(b) Mucous membranes affected. 

(r) Itching rare. 

(J) Alopecia may occur. 

(c) Iritis common ; choroiditis and 

retinitis rare. 

Tertiary stage 

(a) Visceral lesions occur, i.e. peri- 

cellular cirrhosis, gumma of 
liver, kidney, etc*. 

(b) Nervous system prone to in- 

fection : tabes, C.IM. 

(r) C.S. fluid usually positive Wasser- 
mann. 

(d) Endarteritis obliterans of viscera 

— cerebral thrombosis. 

Syphilis attacks constitution, 
affecting the vital structures. 

Kesponds well to mercury. 


Treatment 

General measures. — All are agreed as to the propriety of en- 
deavouring, by good food, tonics, and occasional aperients, to improve 
the general health. Most are agreed as to the propriety of endeavouring 
to procure a copious eruption by stimulating the functions of the 
skin ; by warm demulcent drinks ; by a daily warm bath with plenty 
of soap ; and, during the outcoming of the eruption, by such dia- 
phoretics as liquor arnmoniae acetatis, guaiacum, etc. Warm clothing 
is indicated. In crab yaws a local application of 2-per-cent, tartar- 
emetic ointment in vaseline is very useful. 

1. Salvarsan, neosalvarsan (Neoarsphenamine^). — Exc(‘pt where 
much bone destruction has taken place, salvarsan, or better still its 
more recent and more soluble derivatives, has an almost magical 

* Throughout this account the terms arsphenamine and nooarsphenamine are given as 
the American equivalents of salvarsan, neosalvarsan, etc. 
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curative effect upon yaws in every stage of the disease. The most 
generally used drug at the present time is neosalvarsan (neoars- 
phenamine). It is given intravenously to adults, and, if possible, to 
children ; or intramuscularly (0-4 grm. dissolved in oil, into the buttock). 
The more urgent symptoms yield much more rapidly than do those in 
syphilis, and relapses are not so common. It is curious to note that 
since the introduction of salvarsan the natives of the Congo are averse 
to receiving treatment till the secondary rash is well out. For adults 
the intravenous dose advocated is 0*6-0 -9 grm., for young adults 
0*6 grm., for children up to ten years of age 0*3 grm., and for children 
under two years, 0-1 grm. 

The systematic use of neosalvarsan in a yaws community would, 
if thoroughly carried out, promptly get rid of the endemic disease, 
and, wherever possible, it should be enforced. The average time to 
effect a cure is given as cdeven days. In Samoa it has been found 
necessary to give three injections of 0-6 grm. of neosalvarsan at weekly 
intervals for an adult male, and appropriately smaller doses for women 
and children. Babies are treated by intramuscular injections. Moss 
in San Domingo has found that the cure after three injections is per- 
manent. The great objection to mass treatment of native populations 
with the salvarsan compounds is their prohibitive cost. Apparently, 
nierciiry and potassium iodide have little therapeutic action in yaws 
of adults as compared with syphilis, but in breast-fed children these 
drugs exert a curative action of absorption by the infant from the 
mother’s milk. 

II. Bismuth. — The successful treatment of syphilis by Fournier 
with sodium-potassium-bismuth tartrate has led to the adoption of a 
similar method of treatment in yaws. The considered opinion of workers 
is that none of the many bismuth preparations can be said to take the 
place of tlie synthetic arsenicals in African yaws and syphilis. The 
most active form ap})ears to bo the sodium tetra-hismuth tartrate in 
both secondary and tertiary yaws. 

All preparations act more efficaciously when given in the early 
stages of tlie disease. Injections should be made deep into the sub- 
cutaneous fascia, and occasionally some induration and abscess- 
formation may result. When treating natives on a large scale, a 
soluble form of sodium-bismuth tartrate (Sobita),^ the introduction of 
which we owi* to J. 0. Shircore, which is now manufactured locally in 
Fast Africa, is pnd'erable ; 3 gr. dissolved in 3 c.c. of distilled water, or 
in oil, constitutes a suitable dose for an adult ; for children up to two 
years, 1-1 gr. ; from two to eighteen years, 1-2 gr. ; and aged persons 
1^-2 gr. The generally accepted dosage for an adult is 1 J-4 gr. weekly 
with a total dosage of 6-14 gr. Children tolerate relatively larger 
doses than adults. Since 1924, over a million cases have been treated 
in Tanganyika alone by this method. 

In patients with s('ptic mouths, stomatitis and albuminuria are 

• This preparation is placed on the market 1)3' Howard A: ^ons. 
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liable to ensue as a result of this treatment. Other toxic effects are 
diarrhoea and skin rashes, while lassitude and articular pain occur in 
some cases. This has been one of the greatest objections to the general 
use of bismuth, especially in the Solomon Islands and the Congo, 
combined with the fact that three or more injections are necessary. 
On the whole the toxic effects ()f bismuth are less frequent and are 
milder than thos(^ of mercury and salvarsan. In Jamaica, the di- 
oxide of ])ismuth is preferred and tlie next in favour is the oxycliloride 
of bismuth. Ihsmuth salicylate is also use<l in 10-])er-cent. susp('nsion 
in olive oil. In Jamaica six to ten treatments are given. In the 
waging of a, great anti-yaws campaign, as at ])resej]t in Kcaiya and 
J’anganyika Territory, bismuth has th<‘ undoubted advantage of 
cheapness, costing less than half a. farthing a dos(‘. According to 
Hanschell, stomatitis may 1)(‘ avoided if the injection is made into the 
deep subcutaneous tissues rather than intramuscularly, and tlu' r(‘- 
sulting ])ain may Ix^ mitigated. 

BisfHosidh (Boots) is metallic bismuth susj)ended in glucose solution. 
When giv(‘n dt'ep subcutaneously, it is ])ractically painless. The 
dosage is 20 eg. (3 gr.) locally, and a total of 6 gnu. (‘JO gr.) can be 
given altogetlier in refractory cases. In the tropics, however, pre- 
parations of bismutli metal ha\(* been abandoned as tlay are liabb' 
to block th(' needles. 

Cashls (Bayer), a sterile oily suspension of bismuth hydrate* i?) 
tim* disj)ersion. is highly spoken of on account of the fineness of tlie; 
suspension. Adults rt'ceive O-o 1 c.c. doses, and the total dosage* is 
Bi-lT) c.c. 

III. Combined treatment. — According to tbi* latest reports the 
cond.)ined nvo-hisunitli treatment is the most effect i\(‘. l>y combining 
l)ismutli and neosalvai-san (neoarsjilumamim*) in alte'imiting weekly 
injections, the chances of severe reactions are? n‘du(‘e‘d. The nee)- 
salvarsan is give*]] intravenously and the* bismuth intramuscularly. 
Attemj)ts te) ceunbine* the* two ])reparatie)ns in one compounel are neew 
being jnade. lUsffiiiili arsanilfdr (Martindale*) in steruk‘S ceaitaining 
BiaOg 5B per cent., arsenic 17 per cent., give*!! by inje‘ctie)!i, has bee!j 
tried in Jkinganyika, and Nigeria. Othe'r preparations are known 
as neotrc'parsenaii a!id bisfnulJi avsphenamimi sulphonaie , ‘20 eg. pq gr.) 
per week up to a total oi 6 gnu. (90 gr.). It is said that the additioij 
of O'l c.c. of butyn exerts a local anaesthetic effect. The PTench 
preparation, which is well tolerated, is known as Bwatol. 

IV. Arsenical preparations given by the mouth. — Stovarsoly 
which can be given by the mouth, is a mu(*h !nore con\ enient method 
of mass-treatment than injections of salvarsaji. It is customary to 
commence with 1 grin, daily, increasing to H, ‘2, and 8 grm. on suc- 
cessive days for adults ; i-1 grm. for children. After a total amount 
of 8-15 grm., according to van den Branden and Lefrou, the 
Wassermaini reaction becomes n{*gativt‘. (diesterman considers three 
doses only are necessary to effect a cure, but finds that he can give in 



YAWS: PROPHYLAXIS 


639 


sl()\arsul ten limes cnn'esixmcJiu;^^ dose of M<M)sal\ arsaii. Slight 
(liariIi(Ha is the only mitowani symplojii of int(»Ieia,iK*e o(*easioiially 
ohservcul, and Ik; has ;^dv(ai as much as j^rm. lo (diildn*ii at a single 
dose. One ohj(‘('tion to stovarsol is that tlie full eoursi; may be liiore 
expensive tlian iiijecdions of salvarsan. Halarsol (May tfc lhaker), 
oxyaiiiino-phenyl-dichlorasine, in th(i form of intravenous and intra- 
muscular injections in doses of ()-125 to {)-25 grm. for three doses at 
tliree- to four-day intcTvals, has hetai ])roved on the Congo to he 
(dhcacious in all stag(‘s of yaws. T1k‘ minimal toxic dose is 4-5 mg. 
per kilo. 

(Uvrbdvsonc, p-carhamino-pheiiyl arsonic*. acid, first ])repared by 
tdniicli, contains 2S-H5 pcu' cent, of arsenic. It is given in the same 
doses as stovarsol and the therapeutic dose is 75 mg. per kilo ])ody- 
weight. 

Prophylaxis resolves itself into the ado[)lion of measures 
lo j)r(‘V(‘nt contagion, ddiese are th(; isolation and segregation of the 
ai'fect(‘d ; the dressing and treatiiieiit of wounds in the hitherto un- 
atfected : the aj)plication of antiseptic ointments to yaws sores, so 
as to o])viate the diffusion of germs ; the purifying or destruction by 
lire of houses or huts notoriously infected ; tla^ prevention of pollution 
of bathing-wat{;r by yaws discharges ; and, especially, the })rompt 
tr(‘atment of the infected by salvarsan, bismuth, (*tc. 
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MYCETOMA AND BLASTOMYCOSIS 

Synonyms. — Madura Foot ; Pseiidactinomycosis. 

Definition. — A fungous disease of warm climates, affecting 
principally the foot, occasionally the hand, rarely the internal organs 
or other parts of the body. It is characterized by enlargement and 
deformity of the part ; an oily degeneration and general fusion of 
the affected tissues. The disease runs a slow course, is never recovered 
from spontaneously, and, unless removed, terminal's after many 
years in death from exhaustion. 

History and geographical distribution. — It was first described by 
Kampfer in 1712. Subsequently it was conf list'd with tuberculous disease. 
Carter, from 1865 to 1874, furnished the information upon which modern 
descriptions of the disease are based. Much further information has since 
been supplied by Bouffard and Brurnpt. 

In India, mycetoma is endemic in widely scattiTcd districts, although 
whole provinces, as that of Lower Bengal, enjoy an almost complett* 
immunity. It appears to be acquired only in rural districts, the 
inhabitants of the towns being exempt. Among the more afflicted 
districts may be mentioned Madura — hence the name “ Madura foot ” 
by which mycetoma is often known — Delhi, various places in the 
Punjab, Kashmir and Rajputana. In recent years we have had 
accounts of its occurrence with some degree of frequency in Senegandiia, 
Somaliland, Aden, Algeria, Fjgypt, the Sudan, ^ladagascar, Cochin- 
China, Italy, the United States, and South America. The following 
varieties have been described : — 

i. Actinomycotic Mycetoma 

Caused by the ray-fungus, Discomyces hovis (Harz, 1877). Actinomycosis 
has a world-wide distribution and is a common disease of cattle. It destroys 
bone by erosion and spares only nerves and tendons. The pus from the 
affected region contains small yellowish granules (“ sulphur grains ”) of 
irregular shape, attaining at most 0*75 mm. in diameter. They are soft 
and consist of an inextricable felted mass of mycelium. The threads are 
radially arranged at the periphery of the grain, and their free extremity 
widens into a bulbous, club-like termination (10-20 /x long by 8-10 wide). 
These clubbed ends have been looked upon by several authors as forms of 
degeneration. 
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ii. \ in(jknt’s Whitk Mycktoma 

( aused l)v Ui-sronif/rrs tnadurai (X'inociii, 1894). 44iis kind nf inycotoina 
is coininon and \vid(4y distrilmted. It has bt*cn observed in Algeria, in 
Abyssinia, in Somaliland, in ('ypnis, in India, in Argentina, and in Cuba. 

Unlike I), bovis and other myeetoma-j)rodueing fungi, it does not destroy 
bone, and d(j(‘s not seem to act directly on the general health of the* patient, 
though ultimaU'ly and indirectly it may bring about cachexia. 

iii. Xioollk’s White Mycetoma 

(-aus(‘d by Steri(fniatocyfiti-s (Aspergillu.s) nidulnyis (Eidam, 1883). So far, 
only a few cases have b(‘en observed, by Xicolle and iMnoy, in Tunis, but 
])robably it occurs in many ])lac-es, the parasite S. nidukins being widely 
distribut(‘d. Primar\ iidection probably takes place from bark^y grain. The 
grains formed by this fungus may also attain the .size of a pea, but they differ 
from those l)isc()iuijcv,s madurcr, inasmuch as the^' are more or less sj)le"rical 
and present a smooth surfac'e. 

iv. Bouffakd’s Bi.ack Mycetoma 

Caused b\' A^yr/fjlll us houfjardi (J^rumjjt, 190()). 'The grains are quite 
characteristic. 4'hey are black in colour and vary in size from a pin's head 
to that of Xo. I shot. They ])resent a mulberry-like suiTace which is smooth 
and glossy, the structure consisting of a (anled-up mass. 

v. Carter's Black Mycetoma 

Cau.H(‘d by MadurcUa unjcctomi (Laveran, 1902). This mycetoma has a 
very wide distribution. It has bt*en ob.st'rved in Italy, in Africa (Senegal, 
French Sudan), and in India. 

The grain formed by Aludurdla myretami is dark-brown or bla(‘k in colour. 
It nu^asures 1 to 2 mm. in diameter, is hard and brittle ; its surface is irregular 
and fre(iuently presents ])ointed eminences which differentiate it from the 
larger and smooth grains id Aspergillus bouffurdi. The grain is compost'd of 
white threads, alvays over 1 y, in diameU'r and attaining at times 8 to 10 fi, 
which secreb* a dark-brovii substance that cements them tog(dher. 

vi. Bri aipt's White Mycetoma 

Caused by IndielUi vmnsuni (Bruinpt, 1906). This lorm was described 
from a s]H‘cimen of Indian origin in the museum of the London 8(‘hcK)l of 
Hygiene and Tropical Medicine. 

The grains j)eiTiliar to this form arc' hard, white, and very small, varying 
in size between i and \ mm., and having a lenticular shape. Sc^me are 
bean-shaped and Hat. To study their structure it is necessary to boil them 
first in a solution of caustic potash. The hyphal threads are large and closely 
set, but without any cementing substances between them. The periphery of 
the grain contains numerous large chlamydospores having thick walls and 
being full of protoplasm. 

vii. Kkynieh’s White Mycetoma 

Caused by l7idielki reyuieri (Bruinpt, 1906), originally described by 
Heynier from a sjieciuK ii in Paris ; a second case has been recorded from 
Creece. 
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The grains may attain 1 mm. in diameter ; they are soft, white, and 
consist of a coiled-up strand which gives them a peculiar apjxjarance resembling 
the excrement of earthworms. 

viii. Bouffard’s White Mycetoma 

Caused by Imliella sornaliensis (Brumpt, 1906). This form is perhaps 
even more common in India than Vincent’s white myceUjina. Bouffard has 
found it twice in Somaliland. 

Indiella soinaliensis is a most destructive fungus. In a foot examined 
by Brumpt all the muscles, tendons, and bones had been replaced by sclerosed 
tissues more or less homogeneous and presenting numerous sinuses full of 
yellowish grains clustered together like fish-roe, and many small intlammatory 
nodules containing one or more grains. 

Pathology. — On cutting into a mycetomatous foot or hand the knife 
passes readily through the mass, ex])f)sing a section with an oily, greasy 
surface, in which the anatomical elements in many places are unrecogiiizahle, 
being, as it were, fused togetlier, forming a pale, greyish -yellow mass, 'fhe 
bones in parts have (mtirely disappearcxl ; w here tlu ir remains can still be 
made out the cancellated structure is very friable, thinned, of>en(‘d out, and 
infiltrated with oleaginous material. Of all the structun's, the tendons and 
fasciae seem to be the most resistant. 

The most remarkable feature revealed by section is a network of sinuses 
and communicating cyst-like cavities of various dimensions, from a mere 
speck to a cavity an inch or more in diameter. Minuses and cysts are occupied 
by a material unlike anything else in human morbid anatomy. In the black 
varieties of mycetoma this material consists of a blac^k or dark-brow n, firm, 
friable substance which, in many places, stuffs the sinuses and cysts : mani- 
festly it is from this that the black particles in the discharge are derived. 
In the white varieties the sinuses and cysts are also more or 1(‘S8 stufft^d 
with a white or yellowish roe-like substance, evidently an aggregation of 
particles identical wdth those escaping in the corresponding discharge. In 
the very rare red variety the colour of the a(‘cretions is rc'd or pink. 

Under the microscope the mycotic elements can be readily recognized 
in the concretions. In microscopic sections of the tissues, evidences of 
extensive degenerative changes, the result of a chronic inllammatory process, 
can be made out. An important feature is a sort of arteu’itis obliterans, or 
extensive proliferation of the endothelium of the arteries, and, according to 
Vincent, a thickening of the adventitia of the vessels as well as of the capillaries 
in the more affected areas. 

Symptoms. — Mycetoma begins usually, though by no moans 
invariably, on the sole of the foot. The first indication of disease 
is the slow formation of a small, firm, rounded, somewhat hemi- 
spherical, slightly discoloured, painless swelling, perhaps about J in. 
in diameter. After a month or rather more, this swelling may soften 
and rupture, discharging a peculiar viscid, syrupy-looking; oily, slightly 
purulent, sometimes blood-streaked fluid holding in su8])erision certain 
minute, rounded, greyish or yellowish particles often compared to 
grains of fish-roe. In other examples o^ the disease the particles in 
the discharge are black, having the size and appearance of grains of 
course gunpowder. Sometimes these particles are aggregated into 
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larger masses up to the size of a pea. In time, additional swellings, 
some of which break down and form similar sinuses, appear in the 
neighbourhood of the fi'rst, or elsewhere about the foot (Fig. 85). 
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little lengthening of the foot ; but there is a general iiHTease in thick- 
ness, so that in time the mass conies to assume an ovoid form, the sole 
of the member becoming convex, the sides rounded, and the anatomical 
points obliterated. The toes may be forced a})art, bent upwards 
at the tarso-phalangeal joints, or otluTwise inisdirect('d, so that wlieii 
the foot is placed on the ground tli(‘ to(*s do not touch it. The surface 
of the skin is rougliened by a number of Jarg(T or smaller, firmer or 
softer hemispherical elevations, in some of whicli the orific(*s of the 
numerous sinuses open. 

The discharge issuing from the simis(‘s differs in aujount in different 
cases, and from time to time in the same case : wbetlier profuse or 
scanty, it always exhibits the same oily, mucoid, sliglitly purulent 
appearance, and may stink abominaldy. With a \ crv f(‘w (‘xceptions 
it contains either the grey or the black grains already rt'fiTrod to ; 
rarely, similar bodies of a reddish or ])i!d\ colour. 

As the foot eidarges, the leg atrophies from disuse ; so that in 
the advanced disease an enormously eTilargt*d and mis-shapen foot, 
hexed or extended, is attached to an att(‘nuat(‘d leg consisting of 
little nion^ than skin and bom*. In some cases the tibia or, if tla* 
hand is the seat of invasion, the bones of tlie forearm are involved : 
in others the disease at first may be confined to a toe, or a finger, or 
other limited area. In a v(*rv few instances the seat of the disease is 
the knee, thigh, jaw, or neck. Unless the case b(‘ one of actinomycosis, 
the internal organs ar(‘ nt‘ver sjiecifically im])licated, eitlaT ])rimarily 
or secondarily. Tla* lyniphatic glands lik(‘wise, although tlit'v may 
be the subjects of ad(‘nitis from secondary s(‘])tic infection, an* very 
rarely involv(‘d. 

After ten or twenty years tin* })atient dit^s. worn out by the con- 
tinued drain, or carried off more* sudd(‘nly by diarrbo*a or other inter- 
current disease. 

Treatment.- The only effectivt* treatment in the cas(' of impli- 
cation of a considerable ])art of the foot or liand, is ainj)utation. This 
must be performed weTI abovee tla^ seat of tla* disease* ; for it must 
be borne in juind that the long bones may be im])licated as well as 
the small leoiies, and that, unless the entire* dise'ase be* removed, it 
will recur in the stumj). C'omplete removal is not, follow' e.*d by relapse. 

If a toe, e)r a small ))ortie)n of the foe)t or hanel, is alone involved, this 
may be excised with success. Uotassium iodide in large dos(*s lias 
been found beneficial in ce*rtain forms of th(‘. disease. 

Buchanan recomme*nds surgical removal of as much disease*el 
tissue as can be conveniently reaclurl. Then tincture of iodine should 
be injected into any suspicious area remaining in the llOJ)(^ that the 
surviving elements would be kill(‘d : th(*refore 1-2 c.c. of iodim* should 
be injected every ten days for a period of at k'ast two montlis. At first 
the local reaction is not sevtre, but lahr it becomes so. Probably a 
less irritating solution, such as Lugol’s solution, would do lietter. 

Potassium iodide should lie givi'n by the mouth in large doses over 
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a considerablo |)(;ri(>(l, and lli<*rn an^ thosr^ who think that the Frencli 
tincturo of iodine is more (dTirtivo if administered in frequent doses of 
2 drops in inilk. Qnittj nrcntly, the siilphanilamides — uleron and 
M. iV. Jh G98 — in full dos(‘s liave h(‘en found effective in actinomycosis 
of the bo\v(*l, and thend'ore should b(? given a therapeutic trial in 
Madura foot. 

Mossy Foot 

The torni ‘‘ mossy foot *’ was applied by Wolferstaii Thomas to a papillo- 
matous condition f)f the feet and which is found occasionally in natives 
of the Amazon vaih^y and its tributaries. 

A similar condition has been dcvscribcd from Honduras and in East Africa 
(Fischer). The foot and ankle arc covered with deiist* w arty-lookinu: out- 



Fig. 87. — Mossy fool. {Ihf conrhxjf of ]Villc(nnc Hnr. Sr{. Hvs.) 


growths r(\scmbling minute barnacles, which art' vascular and painful. In 
gt'neral af)])earance the condition lias been compared to dry moss growing on 
rot'ks (Fig. S7). Somt' of tht‘ cases described are apparently dernmtitis 
verrucosa. 

'The solt‘ of tlu‘ foot usually I'scapt'S. The disease is infective, and auto- 
inotailation from one limb to another may apiiarentl}^ take place. Starting 
as a vesicle, tht' growth slowly extends from the dorsum to the hinder part 
of the foot, and is said to take ten years to d(‘vi4oi> fully. It can be inoculated 
into th(^ nose in rabbits, and produ(‘(*s in them a vernu'oid mass at the site 
of inoculation. 

iEtiology. "The disc'ase is said to be due to an infection of the skin 
with a fungus, Phialophora vvrrnrom Thaxter, 1915, which was s}>ecially 
studied by I’l'droso and Homes in Brazil in 1920. This fungus can be cultured 
on ordinary nu^lia, and forms a brownish-black growth. Stab-cultures in 
ascitic agar and serum form, in the depth of the medium, nodules analogous 
to those in the tissues. On these media, chlamydospores 8-15 g in diameter, 
as w^ell as conidia, are jirodueed, and sometimes aerial hyphie develop. 




046 MYCETOMA AND BLASTOMYCOSIS 

According to Medlar, yeast-like cells can he seen in sections of the tissues. 
Mackinnon (1934) has described a case in a European in Uruguay as chroma- 
hlasiomycosis. The lesions on the patient’s right hand resembled sporo- 
trichosis, from a histological point of view. It is claimed that J\ verrucosa 
is the cause of chronioblastomycosis, and as far as is known, its distribution 
is Brazil, Paraguay, I’orto Rico, the southern Uiiik^d States, and North Africa. 

The general opinion in regard to the aetiology of mossy foot is, however, 
somewhat sceptical, because a similar warty condition of th(' epidermis is 
apt to occur in patients suffering from elephantiasis, and also from yaws. On 
the other hand, Delamarc, Gatti, and Gonzalez described a very similar 
condition in South America produced by cutaneous leishmaniasis, especially 
of the dorsum of the foot. The lesions consist of pa])illomatous outgrowths 
or vegetations of a cauliflower character, usually a singl# patch Inch may 
cover the entire dorsum of the foot, but soimdimes patch<‘S are to be found on 
the heel or side of the foot and on the toes ; the vegtdation may be hard or 
soft according to the degree of keratosis which has taken place. 

Treatment. — In Thomas’s experience, the best treatment is the actual 
cautery. 

Blastomycosis 

This term is used to indicate lesions, other than inycetoma, ])roduee<l by 
the proliferation of certain yeast-like fungi in th(‘ tissues. Normally these 
fungi are either saprophytic or live as j)arasites cm animals or [>lants, and 
appear to be especially abundant in trojhcal countries. Doubtless tht‘v get 
access to the human tissues through some wound or bnuich of surface. The 
following clinical types have been recognized : 

I. Cutaneous. — Patches, of various dimensions, of small warty ex- 
crescences with minute abscesses or encrusted ulcers, es|M}cially at the 
periphery of the patch. 

The most important of these cutaneous infections is coccidioidal granuloma, 
or Posada’s Disease (Rexford and Gilchrist, 1894, first discovered in Buenos 
Aires by Wernicke in 1892). It has been found especially in Brazilians, in 
whom it causes extensive ulceration. The pus from the lesions is easily 
inoculated into animals, especially guinea-pigs, in whi(dj it caus(‘s a virulent 
infection. Up to 1931, 286 cases had been reportc*d, usually in Upper 
California, and it has also been seen in oxen then*. Infec^tion of man is 
probably caused by inhalation of the spores, and the skin lesions originate* 
round the site of scratches and other lesions. 

The organism concerned is Coccidioules immitis. It rrodue-'-s acute, 
subacute or chronic manifestations witli cutaneous, subcutaneous or sysk'niic 
lesions, generally involving the resjnratory system. The h'sions themselves 
may be nodular, ulcerative, papillomatous, or verruce)us, resembling a 
gummatous tumour or cold abscess. The cells of Coccidioid(‘s occur either 
isolated or in giant cells. They are spherical and thick-walled with a diamek*r 
of 2-80 fjL. The organism reproduces by endospore formation ; budding is 
absent. The wall of the ascus often shows radiate formation. The colonies 
on culture are flat, and greyish in colour, becoming white to light cream, 
with aerial hyphse, which in microscopical appearances are septate, branching, 
hyphal swellings ; arthrospores, 2-5-7 g ir» diameter ; chlamydospores 
are abundant 5-8 g in diameter. Studies in metabolism of C. mirniiis show 
that the organism is resistant to desiccation, but the chlamydospore develops 
under conditions of drying, and it is impossible to infect animals in the absence 
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of this spore. This resistance to drying is an important factor in dissemination 
of the organism in the San Joaquin valley of California. 

The cutaneous type of blastomycosis also includes the following conditions : 

North American Blastomycosis or Gilchrist’s Disease (1894) (Zymonema 
dermatitidis). — An infectious granuloma, acute or chronic, with cutaneous or 
systemic lesions — papulo-ulcerative, verrucous, or papillomatous, or gumma- 
tous, showing typical violet colour. The organism has simple or budding 
yeast-like cells, thick- walled and 5-20 y. in diameter ; the colonies on culture 
are yeast -like. Hypha? are septate and branching, 2-4 y in diameter ; 
conidia are pyriform or round, 5 /x in diameter. 

European Blastomycosis {Cryptococcus hominis) is clinically similar to 
Gilchrist’s disease', but an ulcerative type is common in the cutaneous form, 
with abscesses, and quite commonly invades the cerebro-spinal system as well. 
The organism has thick-walled, heavily-encapsuled, simple or budding cells, 
5-10 y in diameter. Colonies on culture are “ yeasty,” smooth, mucoid or 
moist, and spherical or ovoid with budding encapsulaUHl cells approximately 
2-6 y in diameter. 

South American Blastomycosis, or Splendore de Almeida Disease (Lutz, 
1908) (Paracoccidioidf s hr(usUicnsis)^ is generalized or localized, cutaneous or 
systemic, the lesions being granulomatous, papular, verrucous or ulcerative. 
It spreads by the lymphatics. The cells are spherical or ovoid, 1-30 y in 
diameter, rarely larger, with thick walls. 

2 . Oral. — Lesions resembling those described under the cutaneous type, 
which develop in or spread to the mucosa of the mouth and throat, and 
eventuate in dc('{) ulceration and perhaps fatal destruction of the part. A 
form occurs on the tongue, leading to hypertroph}^ of the filiform papillae, 
and causing a condition known as lingua nigra. The organism is known as 
the ('rypt<x'orcus lingua^pilos(r ; it has a double contour, is com{>osed of oval 
yeast-like cells and mycelia elements, and can be culti\"ated on maltose -agar. 

3 . Pulmonary.— A parasite — Cnjptococcus capsulatus — alhed to C. farci- 
niinosus of the horse, has been demonstrated in the epithelial cells of the lung 
by Darling. The disease it produces resembk's in inari}^ respects kala-azar, 
and is accompanied by splenomegaly, an<emia, irregular pyrexia, and 
leucopenia. Tliree cases have been described in Panama. Crurnwise and 
Kessel (1932) have described a ease of the condition in which splenomegaly 
did not occur. The organism was originally named Histoplasma capsulaium 
by Darling in 1906. 

Nino in Argentina has described as Cryptococcus psychrophylicus an 
organism which caused a generalized infection originating from an ulcerated 
condition of tlu^ face. The organism grew best at 22-25^ C., but w^as arrested 
at 37 ^ C. (iiiinea-pigs, white mice, and rats were susceptible to inoculation. 

4. Sporotrichosis. — Gumma-like sw^ellings in limbs or trunk, wliich 
enlarge and ultimately break down, leaving deep ulcers, due to an organism, 
tiporotrichum (Bhiuocladiuni) heurnianni^ or S. schenckii, w^hich usually exists 
saprophytically, and gains entranee to the body through an abrasion of the 
skin or cesophagus. Occasionally the organism may be demonstrated in 
the blood ; the lymphatic's, eye, oral cavity, periosteum, muscles, or viscera 
may become involved. In the discharges and tissues the parasites are 
scanty, so that the mycotic nature of the disease can be made out only from 
cultures. Benharn and Kesten isolated the organism from linear nodules in a 
man’s arm, and reproduced the lymphatic tyj)e of infection in a monkey. 
Inoculation of white rats produced typical orchitis. 
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Pijper and Piillinger (1927) have* recorded 14 cases in native miners on 
the South African Rand. They distinguish a primary sore in the form of a 
localized ulceration on a finger, oj* the shin. Ten of the fourUnui cases had the 
lesions confined to one arm, the others on the shin, with the lesions extending 
up the leg as high as the buttock. Incision of the nodules in the paths of the 
lymphatics produced pus or serous fluid. 

Sporotrichum, heurmanni can be isolated from the tissues by as})iration 
and insemination on to Sabouraud’s medium. The parasite occurs in wild 
rats in Argentina and Brazil, while a similar dis(‘ase, apt to be mistak(*n for 
epizootic; lymphangitis, occurs in horses and mules in Madagascar (( ^aroiigeau). 

It appears to be a common parasite in nature, and recaaitly (1933) Benhaiu 
and Kesten have transmitted the human parasite to carnations, in which it 
produces a “ bud rot ” similar to that caused by a natural parasite, S. pocr.. 

The parasitic elements are very scanty in the jnis, and in mycelial elements 
are seen either in sections or in cultures. Individual parasitic elenuMits an* 
often found engulfed by phagocj^tes. 

5. Torulosis.-— This gives rise to grave l(‘si()ns of tlie pulmonary and 
nervous systems, and local tumours of a peculiar consistency containing round 
cells surrounded with a gelatinous substanc-c* secret<*d })y the organism, 'fhe 
parasite of this condition, whi(;h has been especially studic'd by K(‘ss(‘ll in 
(■alifornia, is known as Tornlopsis hislolyticn (Stoddard and Cutler, 191b), oi‘ 
as Torula histolytica or Cryptococcus hislolyticus. It is usually found in the 
c*erebro-spinal fluid. Experiniental infections arc* easily prcKlucc'd in rats 
and mice by intra peri tor wal injection, generaliz<‘cl Ic'sions being ])roducc*d in 
lungs, liver, spleen, kidneys, and brain. Kessc*! and Roltzwart find that 
45 cases have been reported in the* literature : most have* involv(*d the central 
nervous systc*m and four have exhibit-(“d a general irdec tion. In four other 
cases the infec*tion was localizcni to the muscles of the vc'rtebral column, to 
pelvic and inguinal abscesses, or to the tongue or naso-})harynx. In one* of 
the cases from Los Angc'les the l(*sions were c-onfined to the kiic'c*. I'his 
disease aj)pears to be inc urable. The diagnosis is usually mach* by cc*rebro- 
spinal puncture*. 

T. histolytica is a primitive form of yeast cell ; it multiplies l)y gemmation, 
and can be cultured in glucose broth or on Sabouraud’s m(*dium. The colonies 
are glistening white, and show no mycelia pc'netrating into tlce substratum, 
as is charactc'ristic of Monilia. The individual cells multi{)ly by gemmation 
only, no hypha; being observed. The cells thems<;lves exhibit ciharacteristic 
capsules. No asci are formed. 

The sugar reactions are typical : no acid or gas is produced in arabinosc*, 
dextrose, galactose, inulin, maltose, mannitol, rallinose, sucrose, I.t close or 
dextrin. The reaction in milk is alkaline. When inoc ulated intraj)eritc)n(*ally 
into rats and mice, the animals die in eight to twenty-eight days, and the 
organisms can be recovered from the* tissues. Monkeys inoculatc'd intra- 
cardially develop small nodular cutaneous lesions on the; face, eyelids and 
ears containing the organism. In some monkeys, however, a general torulosis 
of the brain and spinal cord develops. 

Diagnosis. — Usually tlio lesions of blastomycosis in the lirst 
instance suggest syphilis or tubercuh'sis. Specific treatment and 
absence of reaction to tuberculin and of fhe tub(*rcle bacillus should 
lead to a careful search for yeast-like organisms in the discharges or 
scrapings. Widal and Abranii have found that the serum of sporotri- 
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cliosis will agglutinate cultures of the specific organisms ; while Malvoy 
and llicketts have dcunonstrated a complement-fixation test in blasto- 
mycosis, using an old cullure as an antigen. Martin (1935), especially, 
has em])l()y(Hl this method in diagnosis. The antigen employed has a 
sus})ension ui salt solution of tht‘ organisms grown at 37"’ C. on heef- 
infusion, pW 7-1, on hlood-agar slants. The patiiait’s serum was in- 
activated at 5() C. lor lift(‘(‘n minutc's, and the* test was carried out as 
for th(‘ \Vass(‘rniann. 

Treatment. -All forms of blast omycosis are exceedingly chronic 
and rc'sistant to trc'atmcait. Surgical measurers are useless, hut large 
(losers of the iodide of ])otassium or of sodium (20-30 gr. three times a 
day, W(‘ll diluted) are sometimes effective, and should always he tried 
and, if found hcai(‘ficial, continued until cure is well established. In 
sporotricliosis tho tumours can he ])unctured and injected with 
potassium iodide 1 : 100. while* treatment must he continued for some 
time aftc'r an a})])arent cun* has taken ])lace. The X-rays are at times 
a useful adjunct. 



Section V.— DISEASES OF THE CENTRAL 
NERVOUS SYSTEM 

CHAPTER XXXIV 

NEURASTHENIA IN THE TROPICS 

For some time past the Editor has been aware that in a ti'xtliook of 
Tropical Diseases attention niiist he paid to tliis im[)()rtant siibji'ct, 
as the minor psychonenroses play no inconsidera])l(‘ })art in addin'^ 
to the burdens of life in the tropics, and an' the cause of a propor- 
tion of invaliding among Euroj)ean officials and busiiK'SS men from 
the tropics ; more especially is this th(' case in West Africa. As a 
cause of disability, neurasthenia or anxiety psychonenrosis, or what- 
ever term may be applied to this very real and distressing condition, 
has siipersed('d that from tropical disease. Thendorc' from the practical 
point of view of Colonial Administration, neurastluaiia is of gn'ater 
importance than the majority of the trojiical disease's with whiedi 
this textbook purports to deal. As observers who have disfilayed a 
more than cursory interest in this condition know, tlieu'e is nothing 
essentially peculiar to tropical neurasthenia which should serve' to 
differentiate it from similar anxiety neurose's developed by a similar 
class of person resieient in temperate climates and subjected to stre'sse's 
of various kinds. 

When it is considered that from the figure's available (|uoted by 
Squires, nei less than 45 per cent, of a total of 853 invalielings of 
Europeans from the tropics were due to psychological reaseais, tlu're' 
is obviously some feature in life under trejj)ie*al conditions which ])re- 
disposes towards this psycliological state. Naturally, fully developeel 
and frank neurasthenia, as seen in its most characteristic b*rni, is 
more apt to develop in a neurotically-disposed individual than in 
one of a complacent and unemotional mental maloeup, and it is not 
always possible to be able to gauge, with any degr(*e of accuracy, those 
individuals in whom tropical neurasthenia will eventually develop. 
It has even been asserted by Culpin that a certain number of persons 
actually avail themselves of the opportunity of going to the tropics as 
a flight from the strain of social life at home. 

The influence of tropical infectums (p. 17). — Tlio Editor believes that 
tropical infections, especially the enervating, debilitating, and irritating 
recurrent relapses of subtertian malaria, are potent predisposing factors to 
this psychological state. The recurrent headacluis and fevers result in 
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referring Hcnsations to the cranium, causing neurasthenic headache, lack of 
concentration, loss of memory ( West Coast Memory), and general disinterested- 
ness in life. The intestinal infections, such as amcebic or bacillary dysentery, 
may result in a concentration of thought and effort on the intestinal tract. 
The paticHit’s attention becomes rivetted on his digestive system, with the 
result that an intestinal jisychoneurosis develops. Therefore in this respect 
tropical infections do undoubtedly predispose to “ tropical neurasthenia.” 
But th(U(‘ are other aspects of life in the tropics which engender self-intro- 
spection. The heat, insect life, the proximity to natives who cause him 
annoyance at every turn and whose ways and psychology he cannot under- 
stand, the dull monotony of life, the ever-recurring twelve hours of daylight 
{ilternating with twelve hours of pitchy night, the howling of dogs, the croaking 
of frogs and the abundant and vexatious insect life ; all these act as stimuli 
which goad him on to the lumrasthenic state. The dulling of the appetiUi 
engendered by heat, the unjialatibility and unsuitable nature of the food, the 
greasy cooking, the abundance of starchy matter in the food, the monotony of 
eating tinned foodstuffs, together with the comparative absmice of essential 
vitamins, by which the food is characterized, all tend to ujiset the digestive 
afiparatus and to act as a depressing factor on the higher psychical centres. 

In th(‘ Editor’s ofiinion insomnia, which appears to be the outward 
manifestation of ])hysical exhaustion and which nearly ahvays appears 
towards the end of the tour in tropical Africa, is usually the first manifestation 
of the ninirasthenic state ; and in order to jirevent the psychoneurosis from 
becoming a jK‘rmanent feature, rajiid invaliding to a temjx'rate climate 
I lecoi nes i lecessa ry . 

Sexual factors, etc. — Otluu' factors have been adduced to account for this 
ps\'choneiirosis, and these jiresent them.selves to anyone who has lived in 
isolation under tropical conditions. There is the sex factor wdiich may in 
some individuals be a jiotent one ; there is again the social isolation which 
operativs in out-stations ; in others it is exe(‘ss of alcohol, late hours, or living 
a life attend(‘d by nativt* servants under conditions to which he had been so 
far unaccustonu'd all these may be adduced as factors which may upset 
th(‘ mental eijuilibriuin. Then there is, too. absence of restraint in offending 
local prejudices and tla* added example of others similarly placed. 

Work and exercise . — It is ])robable that hard mental and ])hysical work, in 
moderation, ac t as a bar rather than as a predisposing factor in the develop- 
ment of iH'urasthenia. Mental occupation of a moderate degree tends to 
divert the mind from self- concentration. On the other hand mental pressure 
or undue stress apjx'ars to be less easily tolerated in the tropics than at home ; 
so it must not be* thought, in searching for essential factors in this state, 
that neurasthenia is a s})ecial mental affliction of Europeans, for neurasthenia 
of the depr(*ssiv(5 type is frequently obsc'rved amongst the educated native 
ollicials in West Africa, Malaya, India, etc., though the proportion is by no 
means so great as in Eairopeans. 

N eurasthenia in women . — It is difficult to state the pro}>ortion of neuras- 
thenic's in both st^xes ; it is probable that women, with their moie highly 
d(*velojx‘d emcjtional (*entres, are more prone to develop this state, granted 
ecpial opjiortunities, than men. 

A tropical climate usually produces certain psychological effects in women. 
Such women w ho become neurasthenic suffer from pelvic pain and discomfort, 
loss of blood at the periods and toxaemia ; in short, much the same things 
w Inch make for neurasthenia in temperate climates. For women, life under 
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tropical conditioiiH predisposes to underlying conditions whic-li ])roduc*e these* 
symptoms. Constipatioin by favouring pelvic congestion and inflammation, 
and utc'rino displacxunents have also to be eonsidcu'od. 

The effect of the tropical climate on tlic newly-arrived Kuropean woman 
is at first distinctly exhilarating. The appetite is increasc'd and the heal 
does not oppress her at first as it doc‘S in succeeding years, and there is a 
distincit feeling of well-being. Menstruation frecjuently stops for a season 
and then naturally re-establishes itself. The sense* of well-being may be* so 
real that risks are taken which more experienced residents avoid, such as the* 
eating of unsuitable food. The long hours that t^urojx'an ladies s[)end in 
shaded houses during the heat of the* day (‘iigender a fettling of lethargy, dm* 
to extra work being thrown on the liver, and ])artly due to want of exercise*. 
Congestion of the liver, and constipation, which (*spc*c*ially has a depressing 
cffe(*t on the mind, may result, and in this eoniu'ction iK'urastlicnia develo})s, 
which is not primarily a pelvic disease* but wliich is intifnatc*ly eonnect(*d 
with it. 

Childbirth in European wonu'n in the tropics is apt to lx* more dillieult 
and laborious than in tempc'iatc* elimatc*s, due* vt'ry probably to the conditions 
under which most live ; but even among native* woneen something betwe'cn 
30-40 per c'cnt. of deaths are direc-tly or inelire*c t ly (Maine*cted with ])arturition. 
Native womc'ii, as a rule, parturate* with extraordinary east*, and it is only 
in those countri(*s vhere women have de‘parte*d from a natural mode* of life, 
and are living in seclusion, that })arturition is by no nH‘ans a sim})le j)rt»eess, 

Thf' effect of tropical conditions. Tropit'al life has a disturbing effect upon 
the mentality of even the most healthy and sanely-balanee*d indixielual. 
After a year or more t)f constant exposure* to h(*at and humidity, tlie hours 
of sk*ep become disturbt*el, and the* nervous system more* se*nsitive to external 
stimuli. For the ])reei])itation e)f inseminia, ct‘rtain e*i('etrieal conditions of 
the atmosphere at j)re*sent little* und(‘rstea)el, skin eonelitions, e‘S]>eeially 
prickly heat, and pe)ssibly a hyperglyciemia which Dutch investigators in 
Java ascribe to the climate, may be at fault. It is a ceunmon exp(*rk*nee to 
find otherwise* healthy adults to be*; “ ne*i-vy " and “ excitable,” show ing 
exaggerated reflexes anel nervejus twitehings e)f the* lace* and limbs, with in- 
ere*ased reflexes, directly tht*y r-eturn to a te*mpe‘rate‘ climate*. In the minor 
states of disturbance the fe‘ars and stresse*s disa])]K'ar the* moment coed head- 
winds are encountereei, and ])eae*eful arrd re*freshing slec}) is enje>yed e)nee 
more. But to the fully-developed neurasthe‘riic transfer*ene(* to his hornet 
climate* do(*s not immediat(*ly relieve him of his fears : ern the e*ontr*ary, the 
sounds anel stirring of traffic and the hum and bustle areriiTid liioj act as 
further stimuli to aceentuatei the neurasthenie; statr*. 

The effect of quinine . — In certain inelividuals the constant absorption of 
quinine for prophylactic purposes has a depressing effe*et u[)on tire* m(*ntality. 
It may be a direct mental dejrressant ; on the othew hand, it may ae‘t indirectly 
by causing indigestion and abdominal discomfort. This sulrject has been 
discussed under the heading of “ Quirrine Frophylaxis,” and it is ojren to 
question whether more harm, in the neurasthenic sense, is not done by constant 
taking of quinine, than is counterbalanced by such j)roteetion as the pratdiee 
affords. 

Symptoms. — The sym})toms of neurasthenia in the tro])ics are usually not 
difficult to assess. The very appearance of the individual betrays his mental 
state. He (or she) is emotional to a degree, so that any sympathetic reference 
to health may provoke a flood of tears. There are others in whom the most 
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profound depression reigns, and who may display suicidal tendencies ; these 
are usually associated with intractable insomnia. 

The patient usually complains of a headache which is confined to the 
temporal regions or the parietal portion of the cranium. There is a sense of 
increased intracranial pn'ssure. There arcj oth(*rs who complain of a sinking 
feeling in the abdomen, or indefinitt'! abdominal pain, or flatulent dyspepsia. 
There is usually a mild degree of taeliycardia, or rathc^r vasomotor instability 
— a fall in blood-pressure with a diastolic pressure below SO. The reflexes 
are usually exaggerated and there may be a false ankle-clonus with hyperidrosis 
of the palms of the hands and of the feet. 

It has b(‘en Hugg(*st<‘d that the main symptoms are to b(‘ ascribed to 
hy{)erthyroidism, but th(‘ Editor has been unable to find any evidence for 
this hyj)othesis. With this d(‘gree of nervous instability it is not surprising 
to find divergimce of the pupil on accommodati(jn (Mmbius’ sign) which by 
some is coiisidi'nal to b(‘ indicatives of hyperthyroidism. Of course it is 
ne(‘essarv to distinguish lauirast hernia from true' hypeTthyroidism, especially 
of the* substi'rnal vari(‘ty. 

Treatment, 'fhi' main pnnci])le in treatment is to remove the |>atient 
from his imm(‘diat<‘ surroundings to a temjK^ratc* climate with congenial 
com})anions. Tsually. oji arriving in a cool climate*, natural sl(*ej) sets in 
and his gioundlcss fears and anxieti(‘s disa})pear. I'he n(*urasthenic state 
may Ik* a t(*mpor:iry one only. On the oth(*r hand, the (‘motional and 
dcpr(*ssiv(* states sheuild b(* tr(*ated s(‘riously and efforts should be made to 
discover some* un(k*rlying infection. 'The Editor has seen on several occasi(jus 
]>rofound n(*urasthcnic syinptoms disii})pear after tri'atment of an underlying 
unsusp(*cted malaria. If alcohol has betui tak(*n in excessive amount, the 
amount must Ik* cut dow n or prohibited altog<‘tlu“r. Efforts should be made 
to div(*rt the patient's attention from hims(*lf. Hobbies of all kinds should 
Ik* ('ucouraged and th(*r(* is probably no occupation mort' restful and curative 
than fishing in tlu* Highlands of Scotland or in Ireland. 

For insomnia, hypnotics of the milder type; should be ])rescribed, sucli as 
allonal, luminal, or medinal. Sle<*p may Ik' induced by such method.s as a 
hot bath or a cup ol Ovaltiiu*. .As a g(*n(*ral s(‘dative a mixture of the 
following typ(* may be prescribed to Ik* taken three tinu*s daily : 

Ammon, brom. .... gr.x ((f64(S grm.) 

Spirit, ammon. aromat. . . I1\xv (0-88S e.c.) 

Tinct. ergot, ammon. . . Ilf xx ( T 1 84 c.c.) 

Syru{). aurant. .... 7)i (3*55 e.c.) 

.\(j. m(‘nth. pij). ad . . . 5 ss (14*21 c.c.) 

5 SS three times a day after meals. 

Prophylaxis. -As tlu* main treatment of neurasthenia entails I'emoval 
from immediate surroundings, its pr(‘vention is a difficult matter. Once 
mark(*d neurasthenia has develojied in a Euro}K‘an in the Tropics, he should 
be invalided to a t<*m}X'rate climate and the (piestion of his return to his 
]K)sition becomes a matt(*r for anxious consideration. Of course there arc 
cas(‘H in which th(‘ patient regains his mental equilibrium in a slmrt space of 
time ; but should tlu* m(*ntal depression continue in spite of the simple 
methods rec()mnH*nd(*d, th(*n ]K‘rman(*nl invaliding should be considered. 
'Plu' Editor is of tlu* o])inion that a patient w ith well-marked tropical neuras- 
thenia should never Ih* jiermitted to return, otherwise the old symptoms will 
reassert themselv(‘8 direi tly he sets out, and afU'r a few^ months he wall be 
sent homo again. 
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ENCEPHALITIS JAPONICA 

Synonym —Ja])anese Typo B encephalitis. 

Encephalitis japoiiica is, strictly sj)eal<ing, an (‘pidtaiiic (‘ncephalo- 
niyelitis involving the brain and spinal cord, and is to la* distinguished 
from epidemic encephalitis (encephalitis lethargica) l)y the absence ol 
eye lesions and other featuns to be detailed later. 

Encephalitis japonica, as its name implies, is w(‘ll known in .]a])an, where 
it apparently has occurred in epidemic waves since 1871. In 1933 it was 
found in different portions of North America (8t. Louis ; Toledo ; Kansas 
City; Paris, 111; and St. Joseph, Mo.). In 193S it was reeopiized by 
Pette as occurring in Germany and by Silberman in \ Jenna. In 1928 Kaneko 
and Aoki made an intimate study of the dis(‘ase and wen* able to diff(T(‘ntiate 
it from encephalitis lethargica and to determim* its idt‘ntity witli Encephalitis B, 
In 1924 a very severe epidemic occurred in .Ja})an during a very hot and dry 
summer season, when 7,(X)0 eases were n'corded ^vith a mortality of nearly 
GO per cent. This disease spreads rapidly, in a manner more nearly r(*sembling 
poliomyelitis, more commonly and more severely attacking those over fifty 
years of age, in contrast to the relatively mild disease it produce's in young 
people. 

Symptomatology. — The prodromal symptoms commonly encountcued 
are headache, dizziness, sluggishness, and vomiting. These are followed by 
psychical disturbances and very often by delusions, but in very seven' cases 
coma ensues, ending in death. The psychical signs and symjjtoms may be 
entirely absent in the mild cases, and in contrast with encephalitis lethargica, 
meningeal symptoms predominate. Disturbances of th(' motor system are 
characteristic : there are clonic contractions of the muscles which may end 
in actual (convulsions. Eine tremors of individual groups of muscles alternate 
with attacks of shivering and athetoid movenKuits. The whole muscular 
tone is increased in the extremities and in the neck and face, especially the 
masseter muscles, which results in imparting an anxious expression to the 
face, and ends in trismus which renders mastication impossible. In very 
advanced cases, encephalo-myelitis causes paralysis of the spinal cord, but 
in direct contrast to encephalitis lethargica, eye symptoms are absent ; nor 
is post-encephalitic Parkinsonianism ever observed, though bulbar symptoms, 
resulting in failure of speech and difficulty in sw'allowing are quite common 
and, in addition, defects in co-ordination and sometimes even cerebellar 
disturbances. 

Anomalies of superficial and deep tendon reflexes are usually present 
especially in spastic cases. 

Salivation and excessive sweating are absent. 
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The foref^oiiig description covers only the main features, however ; 
ju tually the ( linicial picture is a many-sided one. There is also another side 
to this disease in that, though the neurological aspect dominates the picture, 
tli(‘re is a s(H!ondary affection of th(‘ hajiiiopoietic organs, resulting in a 
secondary anaunia, which appears to indicate that we are dealing with a 
g(?neraliz(‘d infection ratla^r than a local affection of the central nervous 
sysUmi. As a rule, the temp<,Tature chart is not characteristic, and the 
course of the disease is g(m(Tally afebrile. There are cases, however, in 
which fever is noted for five to U*n days, and these are followed by sequelae, 
such as f)rofound runirasthenia. The fulminating cases which are fatal in 
tw(mty-four to I'orty-eight hours are generally pyrexial. It is to be noted 
that there are no f)upillarv or eye symptoms, and there is no 8jX‘cial affection 
of th(! bladder or bowels. Usually there is retention at first, follow'ed by 
incontineiU'c. 

/Etiology. Uur knowledge of the virus of epidemic encephalo-myelitis 
w e ow(‘ to Koba yashi, Takaki, Nishilx' and Hayashi. C'redit is due estxjcially 
to the latter for his important researches on its transference to monkeys, in 
which it ])roduces the sanu' histopathological lesions as in man. In America, 
howcv(‘r. wliite mic(‘ have been found more susceptible than monkeys. 
Webster and Fite have shown that the virus, which is active in the blood and 
in the central nervous sysbni in the early stages of the dis^iase, can be in- 
ac‘tivat(‘d by convak‘sc('nt serum. 

The transference of the virus from man to man has not been ascertained 
with certainty, fnit it is to be not<‘d that th(‘ virus of the somewhat similar 
enc(q)halo-myelitis of Iiorses (equine encephalo-myelitis), w hich causes a fatal 
and t'xUnsive disease in America, has recently been proved to be transmitted 
by certaiFi inosquitcH’s. 

Diagnosis.- The main points in differentiation from encephalitis 
l(“thargica have already been nok‘d. The cerebro-sj)inal fluid shows all 
gi‘ad(‘s of inflammatory disturbance. Kaneko and Aoki have shown that 
tliere is an increase of the albumin content from 9-350 mgm. jx'r cent. 

Pathology. Fqademic en(*ephalo-myelitis is characterized by diffuse 
lesions in the brain and s})inal cord. These take the form of small white 
knob-like aggregations of cells, composed of microglia intermingled wdth 
]\’mphocyt(‘s and leucocytes. Here and there ganglia cells also are found 
to be acutely damaged. 

Treatment. — No sixicific treatment is at present known. 



CHAPTKK XXXVl 

LATAH. RUNNING AMOK AND KORO 


L^tah, a word signifying “ nervous ” or “ ticddish,” is not uneonnnon 
in the natives of the Malay Peninsula, Java, and the neighbouring 
islands. It is apt to occur more fn‘quently in women, especially 
young women, than in men : children are rarely affected ; it rarely 
appears before puberty and is especially common at the menopaus(‘. 

A somewhat similar aniietioii is described among the Ainu ]>eoj)h‘, usually 
in women, and is known as imu. This manifests itself by ])syeho-motor 
attacks pre(*ipitat{‘d by some emotional slun k, 'riius. if one suffering from 
it is startled, she may continue to echo everything that is said to her. 

Latah jx'rsists for years. The main characb-ristics of this })sychosis 
are the sanu* though there is consid(‘rable varit'ty in tin* intensity of 
the symptoms. The condition is incurabh^ and shows no temhaicy to 
become worse, and it does not terminate in insanity. 

As th(‘ Malays say, an oniinj latah never becomes an ormuj (jihi (atuok). Tlie 
suhje(‘ts of “ latah ” at first a]>pear to differ in no way from their neiglihours 
and relations, hut the oeeurrenee of some sudd(‘n juid striking impression, 
such as a loud sound, or in res])onsc to some overt sugg(‘stion by word or 
deed, they pass into a ])eeuliar mental state in which tluy involuntarily 
utter certain sounds and execute certain movements, in other instances 
they will imitate words or movements, or yield themselves to sugg(‘stions 
coming from others. Luring this hyjmotic-like stat(“, which may last for a 
f(?w minutes, or in others longer, the victim is at the mercy of his prompter 
and will unerringly follow any lead which is indicated. Although th(‘ mani- 
festations of high degrees of latah may he followed by signs of (‘xhaustion, 
or even by swooning, as a rule nothing of the kind occurs. 1'he infirmity is 
usually discovered by accident.. Swettenham, for instanci*, iistul to relaU‘ 
that it was only ncavssary for anyone to attract the attention ( f these men 
by the simplest means, such as holding up a finger, or eallii.g tluui- by name 
in a pointed way, touching them, or looking them stc^adfastly in the face, in 
order to make them lose control of themselves and he w illing t(j exeeuU* 
whatever was suggested by a sign. On one occasion, oiu* of thiun on being 
told that a roll of matting was his wife, embraced it with every sign of 
affection ; but when the other latah subject, a policeman, was impre.s.sed 
that the same roll was his wife likewise, he too embrac(?d it, and tlie two 
men fell to the ground sti-uggling for the possession of the “ lady.” 

Latah folk are favourite subjects for the ])raetieal jok(T, and in a f(‘W’ 
instances they very much object to be made a show of, and may b(‘come 
dangerous. Latah seems to be akin to a ej? is of emotional stres.se8 w hich 
are common in all barbarou s and semi -civilized (countries. 
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Ahmliain luis scc'ii lh(; alllic t-od, it .suddenly .startled, tall down and imitate 
the gestures of anyone in sight ; for in.staiiee, an old lady startled by a bieyele 
bell, will instantly imitate* th(^ pedalling ol’ihe eyelist till exhausk‘d, 

There ajijx jirs to be a somewhat similar affe(;tion amongst the Samoyedes 
\\ hi(;h is known as " Ikota,’' and it is b(‘lie\a*d that eurious e])idemics of 
religious ecstasy which swept ov(‘r Kurope during the Middle Ages, were of 
.similar origin. Tnle.ss unfor(‘.seen accidents oeeur, latah is not fatal. Gimlette 
and others have called attention to the medico legal aspects of the disea.se. 
Fortunately e.\ampl(‘s in which latah has been shown to j)lay a part in crime 
are rare. 'r(‘m|KTamentally all the Malay races are very highly strung and 
nervous, althougli (‘xternally impas.siv(‘, and there appears to be an hereditary 
tenthmey to th(‘ latah stale in eviuy Malay. 

“ Amok ” (or running aniok) is a tiTin used somewhat loosely 
for a condition wiiicli, in the fully developed form, drives its \'ictims 
to hlind fury and to kill without ri*ason. 

Usually the “ amok ” runner (or innoker) has a grievance upon 
whi(di he allows hims(‘lf to brood, and after a period of sullenn(?ss 
(leci(lt*s to kill tin* suspt'cted jaTson and at the same time to destroy 
as many other jx'ople as jiossihhe He therefore arms himself and 
runs “ amok,” and buries his kris, when tint to slay, in friend and 
foe alike, with the expiM-tation of being killed in turn. 

In other eases theie may b(‘ prianonitory signs in w hich a })erson muttta's 
and has delusicjns. (hiite suddtmly he will run “* amok ' and alter th(‘ attack 
may fall into a dt‘(‘p slumber and hca-onu* eomatos<,\ TIk‘ liability to “ amok " 
attat'ks is great4*st in the Malays, and their drugs, such as Indian ht'inp 
{('(iNudhis indira) are known to be ])oU*nt predisposing causes of the attack. 
\"an Loon now finds that in .lava “ rimf>k runners art‘ ofU*n suffering from 
.SOUK' infectious disease, and that the .symptoms are of hallucinations and 
confusion ; patients are im{)elied to flight and attack as reactions to imaginary 
dangers and the agony and terror caused thereby. 

“ Koro ” (H’curs amongst th(‘ Maeass<\rs and the Buginese in Celebes, 
and is also well known among tlu* Uhinese as Shook Jong, originally described 
by J^lonk in iSho. 'fhe term signifies “ shrivelling,” and in this condition 
a fe(‘ling occurs at n'gulai' intervals of the penis ndracting into the abdomen ; 
if help is not forthcoming, the patient dies. In his anxiety, the patient 
gra.s})s the jienis. and if unable to do .so, obtains as.sistanee from others. It 
may be days before* the attack subsides, and the sufferer cannot bear to be 
left alone. If lu'lf) be not to hand, he* will aetually tie the ^lenis to his leg 
with string, anchor it by means of a pin, or may even employ a double-bladed 
clasping instrumt'nt known as li tvng hok, whi(‘h is employed by jewellers. 
By the* native this tendency is regarded as the “ Yin ” principle, represimting 
the f'emak* jiowcr, dominating the “ Vang ” princi])le, which n'presents the 
male elem(*nt. In order that a “ Yin ” disea.se may be euivd, a “ Yang ” 
mediiine must be employed. The* suffen‘rs are generally neurotics, and the 
anxiety arises out of sexual eontlicts. Various pathological londitions, such 
as mdema of the lowi'r abdomen, hernia, hydrocele and elephantiasis ot the 
scrotum may evoke fear of an attack. An analogous state, characterized 
by diminution of the genital labia and shrinking of the breasts, is know n to 
occur in women. 
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(’ll AI’TEl} XXXVl I 

CLIMATIC BUBO 

Synonyms.— -LynipljogniiiulDina iu^niiiiah' : poradenitis ; 

Poradenolyinpliitis ; Nieholas-Favre dis(‘ase ^Preueli). 

Definition. — A type of adenitis of venert'al ori.i^dn, of winch the 
primary lesion occurs on the prepuce or male ‘^mnilalia. The infection— 
a filterable virus — causes intlaimnation and, subsecjm'utly suppuration 
of the inguinal glands. This suj)purative stale is usually attended by 
pyrexia and general constitutional disturbance. The bubonic stage 
occurs in the male sex as a rule, and it is thought liy some that a genera] 
lynipli(edenia with ulceration, knoAvn as esthiomene, repnxsents the 
analogue in the female. Soni(‘ authorilit^s also consider that the g(ahto- 
ano-rectal syndrome and iiitlammatory struct un‘ of the n'ctum an* due 
to the same cause. 

i^ltiology, epidemiology, and geographical distribution.— 

8cheube originally ajijilied the term “climatic buho ’’ to a type of 
adenitis terminating in su])})uration, not uncommon in tropical 
countries. Whether it is becoming increasingly frequent, or whether 
it is because attention has been drawn to its peculiar nature in recent 
years is a moot point ; but recently “ climatic bubo ” has emerged 
from the obscure recesses of textbooks on tropical iiH'dicine into the 
full limelight of general medicine, so as to merit the title of the “ Sixth 
Venereal Disease ” which has been bestowed upon it by Stamms. 

In tropical practice climatic bubo is especially prevalent amongst 
the Kuropean crews of warslnps visiting the coasts of East and West 
Africa. In the Editor’s experience it is almost equally common in 
seafaring peoj)]o (lascars, stewards, and British sailors) throughout 
the whole of India, CJjina, Alalaya, Japan, the Mediterranean, West 
Indies, and South America. 

In 1913, Durand, Nicolas, and Eavre described the condition, 
which they termed “ hjm'phoijranuhma inguinalr ” in France, and 
possibly the condition long known as the “ strumous bubo ” is the same. 

In 1933 ytannus and Findlay discoveriHl an indigenous case in 
England ; the Editor has seen two, and more recently Anwyl Davies 
discovered three more. Now numerous reports of its occurrence in 
Italy, Kumania, and in fact the whole of Eur()))e, are to hand. In the 
United States, the disease in all its forms has been discovered, chiefly 
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in the coloured population. At certain times and places it appears to 
be epidemic. There seems to be no doubt, according to Eost and Huge, 
that the disease is acquired from sexual conrH^ction with native women. 

The virus. — Hell(*rstrom and Wassen (1930j originally transmitted 
the virus obtaimnl from the pus of inguinal buboes to monkeys ; 
intracerebral inoculation ])roduc(al nHUiiugo-enceplialitis. The virus, 
winch is a})})arently contained in the k'ucocytes, consists of minute 
particles which can b(‘ easily sf‘en, and hav(‘ IwMai tigurfal by Findlay 
(1969). Th(‘y can b(‘ staira^d by Victoria ]>lue, (ii(unsa or Castanrala’s 
iiadhod ; with Giiunsa, the larger bodies take on a bluisli-])urple tint, 
while with Gastaneda's stain they an* reddish-purple. Largt‘r and 
smaller forms of tlu* virus ])articl(*s can la* d(‘inonstrated outside the 
cells, lying close to cell debris, in the form of compact colony-like 
mass(‘s. \\‘h(‘n they ar(‘ within cells, tla* elementary bodies may be 
found in the cyto})lasm of either mononuclear (»r polynior[)honucl(*ar 
leucocytes. Occasionally these grouj)s may attain ('(Ujsideraldt* size*, 
forming cyst-like s])aces : later the cyst-wall may ru])ture. The 
larger forjiis have la*t*n observed in considerable numbers, chiefly 
within twi'iity-four hours of intracen'hral inoculation. 'rh(*re therefore 
ap])ears to he a dev(‘lopm(‘ntal cyck* of the \ inis which is com])leted 
in forty-eight hours. Tin* virus ])articles or granules wi'n* lirst di*- 
Bcrihed in c(‘lls from inguinal buiaa's by Gay and ITieto in 19*27, and 
similar bodies wen* louml by Findlay in 1966. Miyagawa (196S) hnally 
stated that they constituted the virus and gave their measurements as 
0*125d)-175 fL whik* Findlay, ]\lacken/i(‘ and iMacC'ullum maintain 
that they resemhk* similar bodies hmnd in ])sittacosis by Eedson atid 
Gland in 1962. The only other condition in which these bodies have 
been obser^'('d is inclusion conjtinctivitis, and it is possible that they 
art* allied to the Ixichettsiu. 

Intraglandular injt*ction of miiiiea-jtigs with the virus produces an inguinal 
bubo in almost every case, so tint this method may be emj)loyt‘d for diagnosis. 
The most rt'liablt* method at present is Findlay's intra(*erebral inoculation 
of whitt^ mi(‘(*, which prodma^s an encephalitis. Miyagawa has now found 
that a chi|)munk, EuUunlas usifftirus., is liighlv susce])tible to intratestieular 
and intracen'hral inoculation. The virus can also be cultivated in chick 
chorio-allantoic membrant* in tissue culture. Ravaut, Levaditi, Lambling, 
and Cachera have dt'vised a method of isolating the virus from ulci'rative 
proctitis by inserting a portion of tissue under the skin of a guinea-pig. After 
a few days, the inguinal gland is excised, emulsified and injected intraeere- 
brally into a monkey. In inoculated mice, a characteristic train of symptoms 
are evolved in five to seventy days, in which weakness, paresis, opisthotonos 
and convulsions occur, but the concentration of the virus in tlie injected 
mouse brain is not great, so that dilutions greater than 1 : 1,0(K) fail to give 
positive results. 

A 'proiection test has now been devised, by means of mixing equal 
parts of serum of tin* lymjdiogranuloma ])ati('nt with an t inulsion of 
mouse brain, diluf ed 1 : 5 in normal saline, and kt'jit for tUe night in th(* 
ice-chest at 4 ’ C. : doses of 0-5 c.c. injected inf raeerebrally do nol 
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produce infection. The serum of monkeys which have recovered 
gives the same reaction. 

Pathology. — The essential features of the pathology of the human 
gland consists in little pin-point epithelioid formations scattered all 
through the gland substance. They are made up of masses of irregularly 
disposed macrophage cells together with some giant C(dls. Hoppli 
has described localized collections of eosinophil(‘s. Subsequently 
tiny micro-abscesses form. 

Priffiarif .wrc.-- Durand in 11M8. and subsecjutuitly Hanscbell, 
have described a small herpetiform ulcer on the pr(‘puc(‘ which heals 
up in a few days, and tla^ adenilis pro])er dcx^s not connnencc' until 
after the primary lesion has healtnl. Hanschell does not believe that 
the disease usually occurs in the circuimased. The primary h'sion is 
an erosion with clean edges, and is surrounded l)y a reddened zone, 
but with only slight intiltralion and induration. Tht‘ bas(‘ of the 
ulcer is usually whitish-grey in colour. 

It was formerly believed that, the disease was unknown in women 
(Hanschell, 192t)). It is now becoming recognized that ty|)ical inguinal 
poradenitis do('s (xauir in this sex, though inguinal huhonie mani- 
festations are, on account of the different anatomical dis])osition of 
the lymphatic system in th(‘ female, com])arativ(*ly rar(‘ : nevertheless, 
I), (billoway (192()) has Recorded his familiarity with ty})ical inguinal 
huboes in Chinese and .)aj)anese ])rostitut(*s in Singapore. Most 
of the cases of inguinal buboes in wonu^n whi{'h have given a ])ositive 
intradermal test {see bcdow) have lanai report(al by French writers 
in prostitutes, though dehnite (nidcaua* of the infection of a wife by 
her husband has been traced in an iMiglish case und(‘r th(^ Editor's care. 

Connection hctirecn eU)}iatic hnho, cslhioinioie, slricturc, of the reetnni, 
etc. — \Vh(‘n writing of th{‘ accom])animents of this p(‘{*uliar inlection 
the Fklitor fe(‘ls that he is on less s(*cure ground. Esthionieia' has Ix'en 
recorded in all tie* countries of Europe and Anaa’ica, but there are 
very few references to its occurnaice in native races, though Fh(‘sterman 
on tilt' (!ongo has found typical cast's amongst the nati\t' women, and 
alst) the genito-ano-rectal syndrt)ni(‘. J^jsthit)n)ene is a cttntlition of 
ulceration of the vulva associated with (dt'phaiitiasis of tln' labia, which 
was formerly tht)uglit to be tubt^rcular in origin. Stamms nt)v\ believes, 
from a stiitly of the literafurt', that esthiomene is tht' countt'rpart of 
climatic bubt) in the male. 

Gray and Vieh from Shanghai havt* described four cases in Chint'se 
femaies. The j)rimary lesion was probably hitldtai in tlu* post(*rior wall 
of the vagina, and tht' ano-rectal lymphatic gland is the first to be 
attacked. The inhltratitai of this gland (‘xtt'utls, via tint lymph-tiow, 
to tht' anterior part t)f tht' vuha, and jxjstt'rittrly to tint rectum. 
I’ttsulting in tlu' (ienito-ono~rectol si/ndrnme, anti tinally scarring t)f the 
glantl It'ads in rt'ctal strict urt'. 

Non-malignant fibrous stricturt' of Hit' r'^ctum, as found in both 
sexes, is probably duo to the same vTrus. Authorities are now agreed 
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that, sy]>hilitic iiilectioii (‘aiiiiof hr held rrsjKnisiblr lor this. ILjwever, 
rectal slrictures would appear to be more frequent in Europeans than 
in nati\(‘ rac(‘S, tlionj^di ^laxwell r(‘ports ils eoniparative fr(‘qu(‘ncy in 
China : Cray lias recorded it in both scexes in Nigeria, and Chf-sternian 
on th(‘ Congo. Tile nTitionship ladwt'en this stricture and cliinatic 
bubo is not (‘asy to jirova*, though in the Edit(jr’s opinion they are of 
the sani(‘ adiology. llectaitly he liad a case of nn-tal stricture, 5 cm. 
from th(^ anus, with ulct*ration of seventeen years' duration, whicli 
conmuaiced witli tla* lireaking down of bilateral climatic buboi'S. A 
])ositiv(‘ intradeniial t(‘st was obtaiia^d. Jiajani. in Madras, in a clinical 
study of cliinatic fmbo and allii^d conditions. rr\ irwrd 1 Sd cases of 
])oradenit is, and found climatic ])ubo in 99 males and ‘2 females, and 
the g(Miito-anal syndrome in 18 males and S females. 

In 1982 Frei ri'ported that 80 per cent, of cases of the genito-ano- 
rectal syndrome have giv(*n a jiositive intradermal test (Stannus, 
A Sixth VeiKU’eal Disease*,” 1933). 

Extra-g(‘nital infections havt* betai recorded on the longue, followed 
by glandular enlargem(‘nts in the neck, l)y Curth : in the axilla by 
1 lei 1 erst nun ; and on tie* foot by Lepinay and Crevin. 

Symptoms. — Tin* inculiation jieriod is three to four weeks after 
coitus, but it may be as long as six wet‘ks to two months. The disease 
generally comm<*nces with pjTi'xia of a remittent type*, which may 
precedi* tie* actual localizing signs and which may be mistaken for 
tvqihoid. Soon subacute intlanimatory sw(*llings of the groin glands 
may lie not(*d. The intlammation may l>e unilattTal or bilateral, 
while tlie oblique glands are most freqmuitly affected, but at tinH‘S it 
is the crural glands that are attack(*d. Sometimes one groin is affected 
after the other. In wtdl-mark(‘d cast's, tht* intt*rnal iliac glands can 
bo felt to be t'ldargt'd and ttuider on deep }>al])ation and sometimes the 
lumbar glands also, d’he signs of intt)xicalion from absorption may 
be wid(*s))read and the Fditor has treated many cases in lascars with 
high pyrt'xia and who ap])eared to be vt'ry ill. Tlu* affected glands 
slowly, or niort' ra))idly, enlargt* to tlu* size of a laui's t*gg, or even largtT 
and aftt*r st'veral weeks, it may bt* months, tht* swelling gradually 
subsides. (I'ig. SS.) Tsually, tlu* pt*riglandular connt'ctive tissues 
intlame and the integuments l)ecome adherent till suppuration ceases. 
At other times fistulous tracks form, which continuously exude a clear 
sticky serous fluid. The most striking clinical feature in the malt* is the 
('xt(‘nsive intlammation of the })eriglandular tissues with comparatively 
little })ain and comparatively small amount of suppuration. 

It the suppurating glands be fret‘ly excised, the parts readily heal, 
but if they are lt*ft alone, or inethciently treated, fistulous tracks 
develop which may take a very long time to heal. Sometimes also, if 
too much lymphatic tissue is removed, an elephantoid condition of 
the leg and scrotum on the affected side may develoj) (Fig. 89). This 
is a grave objection to surgical interference, added to the fact that 
secondary sepsis is very liable to ensue. 
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Sometimes, as Ihc I'jditor lias noUnl, rliHiiiiial and painful 
effusions in the larger joints may accompany Ihe ])yrexial stages of 
climatic bubo. 

Rupture of an extensive lympliogranulomatous supjmralion into 
the urinary liladdtT has been dc'scribed by Knab(‘. 

Diagnosis. — The diagnosis of climatic l)ui)o and lymjiliogranuloma 
inguinale has Ix'en ])lac(Ml upon a scitaitilic basis by th(‘ introduction 
of the intracuti-reaction (intradiaanal t(‘st) of Krei (19’2r)), which is 
now known as the Frei- Hoffmann n‘a,ction. The antigfui is jirepared 
from the inllaiiKMl gland tissue, thougli originally Fnd used a heated 
saline dilution of jius asjiirated from a softened inguinal bubo as antigen. 



Fij;. 88. Fully developed climatic bubo in right groin, 
showing also small primary lesion on the corona 
penis, (/t. //. U'd/irrA.) 


Frei’s method of preparing antigen for the skin test consists of with- 
drawing the pus from a gland which has undergone softening, but not fistula- 
tion. The aspirated pus is mixed with physiological saline in the pro])ortion 
of one part to five j)arts in a stcu-ile tube, and immediately put up in J-c.c. 
to 1-c.c. doses in Jena hard glass am])oules. Thus prepared, it is heattal to 
60'^ C. for two hours over a water bath, and the following cla}' at hO"' C. for 
one hour. 'J'he antigen should be preserved at a low temperatare lUi exposed 
to light. Tests must be repeated every three months and shoidd give 
negative reactions in skin of normal and control y)atients suftering from 
ulcus moiled 

A. H. Walters has modified the preparation of the antigen for routine 
use as follows : 

An affected gland, surgically removed, is placed in a sterile glass dish. 
It is then cut in half and the two equal portions are placed in sterile Ik^tri 
dishes marked 1 and 2. In specimen No. 1 the inner pin-point of necrotic 
material is macerated in physiological saline and inoculated at once into 

^ Careful experiments are now being conducted at the Albert Dock Hospital, London, 
with a controlled antigen prepared as above, and the results have been most satisfactory. 
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the inguinal region of guinea-pigs. Specimen No. 2 is macerated in physio- 
logical saline in dilution of 1 : 10 by weight and then macerated in a water 
bath at 60° C. for one hour ; it is then tiltered under strict aseptic precautions 
through fine Whatman paper in order to remove large masses. 

On receipt of positive animal inoculation results, three batches of antigen 
are pooled and subjected to further inactivation at 00'^ C. for one hour on 
each of two consc'cutive days. 

The test itself is carried out on the same lines as the Dick or Schick 
sensitization tfists. 0- 1 c.c. antigen is administered iutracutaneously in the 
forearm, causing a wheal 8-10 mm. in diameter to develop. Physiological 
saline or Dmdros chancroid antigen is administered on the other forearm as 
control. A })ositive result usually appears at the end of 24-48 hours and 
may vary in size from a circle of IJ in. in diameter to a considerable reaction 
about 3 in. in diamet(*r. Cerman writers have noted a hard mass (“ Ein 
harter Knorhen ”) of infiltrat'd skin which may persist for a few days. This 
never occurs in negative cases. The Wassen test consists of producing a 
fatal ence])halitis in mice with inoculation of the virus. 

Tli(‘ disease must be differentiated from venereal bubo, filarial 
adenitis, and plague, especially the ambulant form. In Hong Kong, 
for instance, especially amongst the military forces, climatic ljubo lias 
freciuently and very charitably been known by practitioners as 2 )estis 
uiinor. Climatic bubo may have to be differentiated from femoral 
hernia, and the Ivlitor has seen both conditions associated together 
in Scarpa's triangle. 

Blood chamjes. — There is usually a leucocytosis accompanying 
the suppuration. In the Editor’s cases this lias invariably been so; 
the leucocyte counts vary from 8,000 to 27,000 without any particular 
cell being affi^ded. 

Treatment. — In the lyni})hogranulomaious stage the inflamed 
gland, if discrete, can be t'xcised, and this lias lieeii ])erforined in the 
hElitor's cases with conspicuous succ(‘ss by McTndoe, and undoubtedly 
the sjiread of further mischitd' appears to be avoided in this way, but 
surgical interfi'rence with th<‘ objt'ct of laying open tiie supjnirating 
sinus or of removing larg(‘ masses of lymphatic tissue should be strongly 
de[)r(H*ated. As a result of this })roc{‘dure the gland tissue may become 
secondarily infected with ]iyogenic organisms, a ])(‘rnianent lym])hatic 
sinus may form, or a chronic lymphatic obstruction may ensue. Usually, 
excision of th(‘ mass when sup})uration is presc'iit is not followed by 
clean and raj)id healing, but by the rt'verse and the formation of more 
sinuses (Eig. 89). 

During the acute stage of the dis(‘aso, tn^atnient should consist of 
rest and the application of soothing dressings. 

Protein-shock tlierajnjf according to Hanschell, is often followed 
by dramatic results, and the f^alitor has had considerable (‘xperience 
of this method of treatment. It is especially advantageous when 
suppuration has commenced, and should be combined with aseptic 
aspiration of the gland. This aspiration may have to be repeated on 
several occasions. 
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In giving protein shock, typhoid-paratyphoid vaccJne (T.A.B.), or 
“ Pyrifer ” ^ is einj)loyed, connnencing with 50 million given by the 
intravenous route and gradually increasing to ‘200 or 300 million, in- 
jections Ixang given every third day. Two or thn'o reactions are 
usually required till the buho(‘s dry up and th(‘ surrounding induration 
disappears. 31iis treatment should be combiiu'd with n^st in b(*d, and 
antiphlogistine dressings. When there is a(*tiv(‘ suppuration, eusol 
dressings and irrigations an^ b(‘st. In tlu* chronic stag(‘ tb(* Pditor 
tinds that applications of viuj. Infdrarg. j)romote Inhaling. 

Vaccitie therapy . — The vaccine is })repared by excising a convenient 
portion of the gland mass, which is cut up into small ])i(‘C(‘s, dehydrat(Hi 
over calcium chloride, emulsified in saline and injected in increasing doses 



Fig. 89. —Climatic bubo two months after incision 
and circumcision, showing sinus formation. 


every second day, but no reliable results hav(; so far Ihhui obtained by this 
method. 

Tartar emetic. Intravenous injections of tartar canetic have b(‘en used 
since 1925. Eight to fifteen injections of from 5 to 10 c.c-. of a J-jx'r cent, 
solution are required. The pentavalent (compounds of antiii ony- - stibenyl 
and stibosan in recognized doses — have also been emj)loy«’d with a{)parent 
success. Some authorities claim results with theraj)eutic a})plication of 
X-rays. 

Sohjanal B. in doses of 0- 1-0-4 grm. givcai intrainnscularlv or intra- 
venously, has been employed extensively and n'com mended in (iermany. 
The Editor, however, has had little success with this method. Ldhe arid 
Kosenfeld (19.32) us(^ an oily suspension 2 p<‘r ceid. for smaller doses, 
20 per cent, for larg(U* — in doses of 0-2 grm., incu'asing to O-li grm. intra- 
muscularly, twice a week for a total of twenty injections (1-5 grm.). 

-MacCalluin and Findlay, by UHarns of cht‘moth(‘rap(*utic 

* Pyrifer is a B. coli preparation in strengths from r)<>-5(K) inilli<.»n, }»rej)ared by Aristopharm 
Ltd., Switzerland. 
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experiinentH on the virus of lymphogranuloma in the mouse, have shown that 
sulphanilamides have a definite value. Both with sulphanilamidcs and with 
a glueose derivative* of 4 : 4 diaminodipluuiyl sulphone, a considerable pro- 
portion of treat'd mice w(Te saved. At present it is impossible to say why 
the virus of lymplu)granuloma inguinale alone is susceptible to ch(?mothera- 
[)euti(* action, while* se) many other viruse*s are* insusceptible, but the evidences 
se) far e)bt,aine*el se*e‘ms te) ])e)int te) the fact that living virus may still be obtained 
from the* brains e)f ce‘rtain mie^e afU*r prole)ng(*d treatment with sulphanilamid(?s. 

In the tre*atme‘nt e)l' the elisease in man Ke)uie (1937) in inele)-China found 
the* Fre*neh pre*})aration, rubiazed, curative, if given in course‘s over a })role)nged 
]KTie)el. Karle (1939) has repe:>rte*d on the value? e)f M. & B. 993 (suiph/ipyri- 
(Une) in 1*5 grm. elaily, whilst (\ \. Morgan has rce orde*el a case which was 
e*ure‘el with ])re)ntosil album. 

Ttrftinienl of rectal stricture. - The tremtineiii of rectal stricture due 
to this virus is difiicult. I^illiative* iiie.‘asures consist in dilating the 
stricture* by graduateHl bougies and inj(‘cting antiseptic solutions te) 
cure tb(‘ uIe*e*ration. Operative* ine*asures dep(*nel e*ntirely upon tlie 
tvfx* of stricture* pre*se*nt ; Le)ckhart-Muninie*rv gives the following 
alternative's : [nt(‘rnal proctotomy : conijelete* proctotomy : excision 
of the* strie'ture* eer eef the* re_‘ctum ; and colostomy. Be'iisaude and 
Ijambling, een the* eether hand, conside‘r diathe*rmic dilatation te) be the* 
be‘st me'thoel of tre*atnie*nt, applie'd for tw(*nty minutes ev(‘ry two or 
thre*e* days, for te*n to twe*lve* a])plicatie)ns. Oil-seeluble* leecal aiues- 
th(*tie*s, such as proctoceiine*, are* the* be*st for ])ost-e)perative* reotal pain. 

The* me*elical tre‘atme‘nt e)f re*ctal stricture and esthiomene* has be*en 
im])ro\e‘el by the intreeeluctiem e)f sulphanilamiele*s. Shreepshear claims 
seice*e*ss with the‘se* drugs, in dose*s e)f 2 grm. daily, for tifte*en days, with 
a se‘ve*n- te) te'ii-elay inte*rval, whe‘U the course* is repeat eel. Two 
patie'iits re*epure*el lOS grm. in two litte*en-(lay treatme'nts befe)re 
symj)te)ms disa])pe‘are‘d. C. X. Me)rgan (19311) finds that j)re)nte)sil 
album, 1*5 grm. elaily, in course*s e)f fourteen days, anel re‘peate*d after 
an inte*rval of two months, re*sulte*d in ce‘Ssation of the re*ctal discharge 
and in the* he‘aling e)f the* loctal ulceratieen. In women, it checks the 
lemceerrlieea and heals the* ulce*rs. 
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ULCERATING GRANULOMA OF THE PUDENDA 

Synonym. — (Jranulonia Veiu'mim. 

Definition. — An infertivn and granuloniatoiis condition of tho 
pudenda, widespread in some parts of the tro})i(*s, conveyed by S('xaal 
contact and auto-inoculation. 

Geographical distribution. — Ulceratinp; granuloma is widely 
diffused in India, Guiana, Brazil, West Indies, Porto Bico, Papua, 
Pacific islands, and Nortliern Australia ; sporadically it occurs in 
the Southern United States, on th(‘ W(‘sl Coast of Africa, and in 
Southern China. Dt' Vogd relat(‘S that in th(‘ southern region of 
Dutch New Guinea tliis disease occurs in ('pidtmiic form and threatens 
the (‘xtinction of the local trih(‘s. In only a single cas(^ was spontaiu'ous 
cure observed. 

^Etiology. — There is good reaHon for l)(*Iieving that the disease is generally, 
though not invariably, a venereal one ; very rarely have extragenital lesions 
been observed. Cleland and »Strangman in Australia, Flu in Surinam, and 
Aragao in Brazil have described certain parasitic bodies within tlu' large 
mononuclear cells from scrapings of the lesions. Th(* organism is like a short 
bacillus with rounded ends, and measures 1 /x by 0-2 ^ ; it was d(‘scribed and 
named (Uily'ffwt/ifohactcrium gramiloynatis by Donovan, and !aU‘r by Araujo. 
Lat(3r this organism was rcstiidicd by K- L. Walker, who considenal it to be a 
capsulated intracellular diplococcus, probably liar ill us luurosus rapsulatus, 
one of the Fricallander grouj>. More j>robablv, }K)W(*ver, the se(‘ondary 
invader is the non-hfcmolvtic anaerobic streptococcus described by Melcnev 
(p. b71). 

Age and sex . — Ulc(*rating granuloma has iKjt been n'corded as 
occurring before puluTty ; it has Ixxai found ordy after th(3 age of 
18 or 14, and uj) to 40 or 50. It occurs in both se\(*s, but more often 
in women, especially where polyandry is practised. 

Pathology. — Histf)Iogically this disease is allied to rhinoseku’oma and 
the close association betw(‘eTi tliese two dis(*as(3s in Sumatra has been em- 
f)hasized by SnijdcTs. On micros(30})ical examination the new growth at 
the margins of the sort's is found to be made up of ncxlules, or masses of nodules, 
consisting of round cells having large and, usually, badly-staining nuclei. 
These cell-nests of Malpighian cells are embedded in a delicate fibrous 
reticulum. An important feature in the histopathology is a jK'culiar patho- 
gnomonic cell described by Pund and Greenblatt (Fig. bO). It is a largt^ 
mononuclear varying from 25 to 90 /i in diameter probably derived from a 
plasma cell. The specific cell laden with the oO-callcd Donovan bodies, can 
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Im‘ Hhuwii lient liy tliu Okhrh. {>tbxr imprujuation riiethcKJ in Avluuh ihuBc 
l>()cli(‘s nj)p(*ar as dark brown or black elongated ovoid maRBcs with iritenw' 
bi}>olar Htaiuing. 'Flic nodular niasscK are, for the most part, covered by 
epithelium, lluur und(T-surfac(‘s merging gradually into a thick, dense, fibrous 
stroma in uhich small clusters of similar round cells are here and there 
embedded. 'Flu' growths, tliough very vascular, contain no ha*morrhagc8 ; 
and there are no signs or sujipuration or of caseation, no giant cells, and no 



Fig. 90. Ulcerating granuloma of pudenda showing the pathognomonic cell. 

After Puud and (rifcnblait, Archivis of PathoUxjyP 


tuberck^ bacilli. In vertical section of the small nodules the round-cell mass 
will be found to be wedge-shaped, the base of the* wedge being towards the 
surfaces ; the d(‘(*p-lying ajiex is usually jiiereed by a hair or two. The 
grovNth is found around seba(H*ous follicles, blood-vessels, lymphatics, and 
sudoriFerous glands ; but it is especially abundant, and most deeply situated, 
around the hair follicles. 

Symptoms. — The incubation period appears to bo a compara- 
tiv^(dy short one, from two to eiglit days after sexual contact, but it 
may be as long as twelve weeks. The disease coniniences in the great 
majority of cases somewhere on the genitals, usually on the penis or 
labia minora, or on the groin, as an insignificant, circumscribed, 
nodular thickening and elevation of the skin. The affected area, 
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which uu the whole is «‘levaU‘tl al)ove the surrounding h(ailthy skin, 
and covered with a May delicate, pinkish, easily-rubhed-olT (^])ith(diuni, 
excoriates readily, exposing a. surl'acii prone to l)k'ed and Ifreak down, 
although rarely iilc(‘rating det'ply. The disease advances in two ways : 
hy continuous eccentric peripla'ral (‘xtension, and l>y auto-inh‘ction 
of an opj)Osing surface. It exhibits a distinct i)nMlil(‘cl ion for warm 
and moist surfaces, ])articularly the folds betw(H*n the scrotum and 
thighs, tlu' labia, and th(‘ tlexun*s of the thighs (Fig. 91), Its extension 
is very slow, y('ars (‘la])sing ladon it covers a. large area. Concurrently 

with peripheral (^xtvnsion, a 
d(Mise, contracting, uneven, 
r(‘adily br(*aking - down scar 
forms on the surface travelled 
over by the coarsely or finely 
nodulat(‘d elevabnl ih*w growth 
which constitut(‘S the peri- 
pheral })art of the diseas(‘<l 
area. Occasionally islands of 
activt‘ disease spring uj) in this 
scar tissue ; but it is at the 
margin of th(‘ implicated patch 
that the special features of 
the affection are best observed. 
In cases of long standing th(‘ 
partially - healed arenas are 
covenal with thin d(‘])igmented 
skin and thus show up as 
Fij{. 91. Ulceratinji v^ranuloma of white jiatclass. 

pudenda in male. In the case of the female 

(Fig. 92), th(‘ disease primarily 
attacks the crura of the clitoris, thence t'xtending into th(‘ vagina., 
over the labia, and along the tlexun‘S of the thighs. Tlu* womiui 
thus affected are rcaulered sterike In the male th(‘ dist^ast' may spread 
over the penis, involve tlu? glans, scrotum, and u|){)er ])art of the 
thighs. (Fig. 98.) Occasionally the glans pcaiis is not involved. 
In either sex it may spread in the c.ours(‘ of years to the pubes, 
over the perineum, ami into the rectum, the r(‘cto-vaginal septum 
in the female ultimately breaking down. At times a profuse watery 
discharge exudes and even drips from the surface of tlie m‘w growth, 
soiling the clothes, soddening the skin, and emitting a p(‘culiarly 
offensive odour. In this condition tlie disease, slowly (‘xtending, 
continues for years, giving rise to inconvenience, and perhaps seriously 
implicating the urethra, vagina, or anus, but not otherwise materially 
impairing the health. In raather sex do the lymphatic glands Ix^come 
affected. The diseases continu(*s entirely local, but in the ])rocess of 
cicatrization the lymph-channels may become blocked, and pseudo- 
elephantiasis of the genitalia may occur. Impassable strictures of the 
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urethra may result, and recto-vaginal listul® are common. It may 
cause death by eating its way into the bladder and causing septic 
cystitis, as in a long-standing case under (he Editor’s care. 

Diagnosis — Malignant and Kypliilitie ult erations of the groin are common 
enough ; the disease under notice, }if)\vever, dififVTS wid(‘]y from these — 
elinieally, histologically, and thera]H*utieally. It is chara(;terized by extreme 
ehroni(!ity — U'u or more years ; by absence of cachexia or of any tendency 
to caus(‘ deatli ; by non-imf)licatioii of the* lymphatic systeun as a whole, 
and by non-amenability to mercury and iodide of potassium. 

The disease* which it most resembles is lu[)us voilgaris. From this it 
differs inasitiuch as it is practically corifin(*d to the pud(*ndal region ; tends to 
follow in its extension the folds of the skin ; is not associated with the tubercle 
bacillus, giant e*(‘lls, caseation, or other (‘V'idences of tuberculous disease. 



Fii;. 92 . I'lceratinji granuloma of pudenda in female. 


Unless coini)luated with a coincideuit syphilitic infection, which of course it 
may be, the* Wassennann reaction is negative. The inetheieney of anti- 
sy})hilitic treatment soon (‘onvinces the physician that the ulceration is not 
due to this disease. Its characteristic mode of spread suthees to distinguish 
it from e])ith(‘lioma and {‘andnoma. The discharges from ulcerating 
granuloma bear, moreover, a j)eculiar acrid smell. Jhind and Greenblatt 
have described a fiingating form affecting the cervix uteri in negiTsscs, which 
greatly resembles the ulcerative and vegetative type of carcinoma of the 
cervix. It has also to be distinguished from gonorrha*al endocervitis and 
from simple erosion. 

Treatment.— Scraping and caustics, including the actual cautery, 
have been freely employed ; but, although some improvement may be 
effected by these means, new nodules almost invariably spring up in 
the resulting cicatrix. Until recently complete excision, where practic- 
able, offered the best chance of permanent cur(‘ ; such a proceeding 
had to be undertaken befon* large areas and important passages 
had become involved. 
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Judging from its relatively superficial nature and close resemblance 
to lupus, it seemed probable that ulcerating granuloma might prove 
amenable to some form of radiotherapy. This is actually the cas(‘, 
and X-rays, originally suggested by Sequeira and IMacleod, have been 
successfully employed in IMadras, though in some cases they a])pear 
to exert no effect whatsoever. Treatnuait by intravtajous injections 

of tartar emetic, introducial by 
Aragao and Vianna in 1918, lias also 
proved remarkably successful ; im- 
jirovement usually sets in, and, 
although in a small ])roportion of 
cases r(da})S(‘S occur, in th(' vast 
majority the cun^ is radical. Tlu‘ 
drug should be giv ai as in kala-azar 
[see p. 19“)), but th(‘ amount re- 
([uisite to (‘ffect a curt* vari(‘s within 
wide limits. Th(‘ Kditor has had 
one case with a limit(‘d sujirapubic 
b^sion which Inhaled completely aft(‘r 
a total of 17 J gr. of antimony tar- 
trate had been given altogether, 
while other cast's rt'tjuire 170 gr. or 
mor(‘. Cicatrization usually tak('S 
place rapidly, but indolent uka'ration 
may persist. Ap})arently stibact'tin, 
stibosan, stilaaiyl, and other ya'iita- 
vab'iit comj)ounds of antimony an* 
more rfficacious than tartar emetic. 
From 8 to 4 grm. of tie* drug art* 
jKM'i'Ssary in or(h*r to promott* a 
cure. (iiglioli in llritisb (luiana 
gave two course's of s<'ven intrav(*n- 
ous inji'ctions with 45 days Ix'twi'en 
oach cours('. l^kicli injection con- 
sisted of 0*1- 0-G grm. of stilieiiyl 
(stibacetin) dissolved in ‘20 c.c. of 
normal saliia*. Ih* has ]‘r(.duc(*(i 
cures by thest* mt'ans in (‘ast*s resistant to tartar enK'tic. Tlie Editor 
found it advisable^ to dress the ojk'h granulations daily with an oint- 
ment containing 1 per ct*nt.^ of antimony tartrati* in white vast'line. 
It should be left on th(^ son* for two liours, th('n wipt'd off can*- 
fully, and the sore wash(*d with lioracic. solution and drt'sst'd with 
horacic ointment. Intermittent dressing with eusol helps to keep 
the surface clean. liadiaTit heat appli(*d to the ulceration has proved 

‘To make antimony-tarlrafc ointment, the necessary amount of antimony tartrate is 
lix'st dissolved in a small quantity of liquid j)arattin and then made up to strength with wliite 
vaseline. The ointment must not he spread on the healthy skin. 
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Ixujt^licial, while touchin^r iudoleiiL spots with a silver-nitrate stick will 
sometimes promote heaIin^^ \Vhen the son^ is of limited extent, 
excision and subsequent skin-^raftin^; may bo advisable, but a wide 
margin of h(*altby skin should lx* removcxl, or recurrence will most 
certainly tak(‘ place. Tartar-e]neti(; trtnitnxxit may be combined with 
X-rays and with “ j)rotein-shock ” treatment (Hanschell). These 
shock treatments should alternate with tartar emetic injections. 



Fig. 94. L'keratinjj jjranuloina of the pudenda infected with non-ha*niolytic 
streptococcus. {L)r. Butter field.) 

To show hfuling with zinc pcicixulc treatment and extensivt* scar-tissue forma jion. 

OjxTativt' measures, such as tlx' amputation of a badly ulcerated 
glans ]H*nis, may become m*c(‘ssary. 

Combined with nu'dicinal nu'ans, it is often necessary to open up 
sinuses and to cauttTize undermined margins by means of the electric 
can t (TV. 

IMany o])S(TV(‘rs havt* drawn attention to tyjx'S of uletTating 
granuloma wliich an* unaff('ct(‘d by antimony. F. L. Meltaityy has 
(‘in])hasized the curat ivi* action of ::inc peroxide in the treatnxmt of 
anaerobic and C(‘rtain acutt* surgical infections. It has been used since 
1908 by French and (ierman surgeons, but for many years fell into 
disuse. Now it has be(‘n taken up anew by ]\Iel(*]U‘y in chronic 
ulc(*rations dm* to non-ha'inolytic anaerobic stivptococcal infections 
which have hitherto resist(*d all otluT forms of tr(*atnient ; it is to this 
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category that tlicj ulceration ot ulcerating grauuleiiia belongs. Tlir 
standard preparation of zinc ])(‘roxido is oik* wliicli, when steriliztKl and 
suspended in dis<ill(‘d water, consistently yields oxygf'ii wliih* itself 
remaining of a soft consistency. Jn its a])})lication it is necessary that 
it should he rnhhed into the wound, espt‘cially at its spreading niargijis. 
in gangrenous infections of the skin due to synergistic ha(*t(‘rial action, 
arid in undermining burrowing ulcers of tlu* non-gangn'iious typ(‘. 

The liberation of oxygen depcaids upon the presence of water, and 
therefore zinc peroxide cannot he (*niployed in oily solutions. The 
best preparation is from tin* J)u Pont Chemical Vo., Niagara Falls. Jt 
is necessary to sterilize it at 140" C. for four minut(‘S ; 5-25 grin, are 
put up in large test-tubes, the contents of which an* mixed, by nu'ans 
of a syringe, with enough distilled water to give a homogtmeoiis sus- 
pension with the consistency of 40 per cent, cream ; this is sjiread so 
as to come into contact with every part of tin* inhicted surface, 
particular care being taken to see that it gets und(‘r the undermined 
skin and down into the sinust‘S, for which it is freijuently necessary to 
use a short catheter. Strips of gauze or silk are dipped into tia* 
suspension, and introduced into tin* sinuses. Tlu* drt'ssings should bt* 
changed daily, but in jiainful cases the dn‘ssings may lx* hd't for two 
days to commence with. The Editor has seen oik^ very extiaisive case 
successfully treated in this manner when all other measures had faili^d 
(Fig. 94). It was found advantageous to syringt^ out tlu' sinus(‘s with 
hydrogen peroxide in addition. All sinust‘s must be thorougidy opened 
up by surgical means. 

Probably the verilication of this streptococcal inf(‘ction (*xplains the 
enthusiasm now Ixang shown for sulph(mila)nidc ilierdpif. lloss has 
recorded the striking action of M. & B. 698 — six tablets of 7-5 grm. 
(i.e., 8 grm. daily) for fourteen days -in limited ulcau'ating granuloma 
lesions. 

Prophylaxis. — As this disease is iiKJst certainly sjiread by sexual 
connection, prevention consists in the avoidance of illicit intercourse, 
especially with native women. 
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CHAPTEU XXX IX 

NON-SPECIFIC, BACTERIAL, AND FUNGOUS SKIN DISEASES, 

ETC. 

1. NOX-SPECIFIC SKIN DISEASES 


Lkucodeuma 

Lkucodkuma, <jr vi( is extnMncly coiniiioii throuc^^hout the troj)ics, 
and is by no moans (M^ntiiKMl to any particular rac(‘. Almost any 
part, of tiio body may b(‘ aflVctcd. Tlio atrojjbicd, unpij^ujiented 



Fig. 95. — Leucodertna. {Dr. H. K. Griffin.) 


patcdies of skin slowly enlarge in a peripheral direction, and may 
coalesce. Occasionally the whole body is alYected, and a certain 
amount of symmetry may he observed ; the hair of the affected parts 
may also bt^coim^ white (Fig. 95). The texture and glands of the skin 
remain normal. The adiology of the disease is unknown, but it is 

67 :{ 
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thought to bo a tropho-nourosis. No troatuK^nt is of any avail. It is 
possible that those oases with a ])ositivo Wassormann n^aotion ar<' 
syphilitic in origin and may be henehted by antisyphilitic treatment. 
Care must be taken not to mistake this condition for the dej)igm(‘ntation 
which is commonly seen in macular leprosy. 

ClIELOID 

Synonym . — Keloid . 

The term cheloid is applied to an overgrowth of fibrous tissue in tlie 
cellular layers of the corium. Hypertrophic scars are common enough 
in Europeans consequent upon surgical scars or burns, but thcTe are 
those who are predisposed to develop the extt'iisive hyperplasia which 
is known as cheloid. Central African negroes are especially liable, 
and in some tribes cheloidal scars on the back, thighs, or chest constitute 
a readily recognizable tribal mark. Similar librosis may occur in these 
people consequent upon a cautery, or marking the site of a healed 
syphilitic chancre, or even mosquito-bites. 

When fully developed, the growth is well defined ; on a white 
skin it is pinkish or brownish in colour, but has a distinct red or 
chocolate tinge on a dark person. Growth tak(‘s place ver}^ slowly 
and, rarely, sarcomatous changes may supervene in the fibrous tissue. 
The growth may cause intense pain when forming, or give rise to a 
continuous ache. 

Treatment. — The most efficacious method, according to Macleod, 
is by radium. A full-strength radium plate is used, and is screened 
off b}^ a silver sheet 1 mm. in thickness. The exposure should be one 
of 18-30 hours. Less brilliant results are obtained by means of COo 
snow, especially in early lesions. Electrolysis (3 ma.) is also useful, 
while occasionally X-rays are satisfactory. 


II. BACTEKIAL SKIN DISEASES 
Tropical Sloughing Phaged/ena 

Synonym. — Ulcus Tropicum. 

Geographical distribution. — Sloughing phagedama is common 
in most tropical coimtries, particularly in those with a hot, damp 
climate, principally in the jungle. These sores are often named after 
the regions in which they are specially prevalent — Mozambique ulcer, 
Yemen ulcer, Naga sore (Assam), etc. 

Occasionally this disease assumes epidemic proportions. Thus, 
Lloyd Patterson described one such epidemic which “ swept like a 
plague up the whole of Assam,” seriously interfering with the efficiency 
of the labour force on the tea plantations. 

This form of phagedaiiiic ulcer was very common among the carriers 
attached to the East African Force during the Great War, and accounted 
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for a considerable amount of invaliding, and its prevalence in Kenya 
among natives causes an immense amount of disability. 

Tropical ulcer is the commonest cause of disability amongst labourers 
in Malaya. The average stay in hospital is 141 days in younger 
patients and up to 282 days in older ones, so intractable are these 
ulcers to treatment. This ulcer is also a terrible scourge in the Solomon 
Islands, New (hiinea, and indeed in the whole of Melanesia. 

i^tiology. — Prowazek attributed these ulcers to Spirochceta 
srluuidinni . 

Although sloughing f)hagedaena is evidently a germ disease, it is 
not n^adily communicated by ordinary inoculation either to man or 
to the lower animals. Apparently a concurrence of certain unknown 
conditions is essential. Lloyd Patterson, liowevei’, Ijy bandaging a 
swab smeared with discharge from a typical sore on to the surface of 
an abrasion from which the scab had been removed, succeeded in 
producing a characteristic sore. 

Sloughing j)haged}ena is apt to attack the half-starved, malaria- 
stricken [uoneers in jungle lands, over-driven slave gangs, and soldiers 
campaigihng in the tropics. In such circumstances a slight wound, 
an abrasion, ('ven an insect-bite, or an old chronic ulcer may serve 
as the starting-point for one of these terrible sores. Where yaws and 
sloughing phagedjena are coendemic, tho sores of tiie former may 
become infected with the virus of the latter, and serious sloughing 
and cicatricial contractions result. The feet and legs, being most 
exposed to injury, ar(‘ the most frequent locations of this form of 
ulceration ; but tlu^ arms, or any other part of the body, may also 
bo attacked. Tlio blood-calcium content, blood-sugar and blood-urea 
are said to be much diminished, probably as the result of deficient 
dietary (McCulloch). On the other liand, the Editor has treated 
several si'vi're cas(‘s in otherwise healthy and well-fed Europeans in 
whom a ditdt'tic deficiency could hardly be seudously considered. 

Cltuiients in Melanesia and James in the Solomon Islands are 
strongly of the opinion that diet deficiencies (especially Bg), debility 
and climatic factors combine in predisposing to ulcus tropicum. For 
instance, the incidenct' in sago-eaters is vastly great(U' than those Avho 
subsist on taro. They consider that fusiform bacilli and spirocheetes 
play a considerable part in tissue-destruction. A close relationship 
with chronic malaria appears to be possible in the epidemic form of 
this disease', and strt'ss is laid upon the im])ortance of Buxton’s line of 
separation between the malarial and non-malarial Pacific islands, which 
also marks the separation between phagada'iiic islands, and those 
ulcer-free. It is apparently true that the virulence of the organisms 
responsible for ulcus tropicum is increased by transmission amongst 
susceptible people. 

Symptoms. — If the disease occurs in previously sound skin, the 
first indication is the formation of a larger or smaller bleb with sero- 
sanguinokmt contents. Tlie formation of this may be attended with 
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some pain and constitutional disturbance. \Mien, in the course of a 
few hours, the buJJa ruptures, an ash-grey, moist slough is exposed. 
The sloughing process rapidly extends in all directions until the skin 
and subcutaneous fascia over an area of an incb to many inches in 
diameter are converted into a yellowisli, moist, horribly stinking slough. 
After a few days the centre of tlie slough begins to liquefy, the sore 
still continuing to extend at tlu‘ peripliery. Li tb(‘ course of a week 
or longer the slougliing process may cease and tla* slough be gradually 
thrown off. (big. 9(>.) Then it is seen that, not only have th(‘ skin 
and superficial fascia been destroyed, but in l)ad cases possibly musck's, 
tendons, nerves, vessels, and even the periosteum of the ])on(‘s, have 



Fig. 96. Ulcuslropicum. {Editor's case.) 


shared in tin* gangrenous pro(‘ess. Fortunately, in many instances, the 
deeper stru(*tures are spared, the diseas(‘ b<‘ing relatively limited and 
superficial. Sonietiines, liowever, im])ortant structures, including 
joints, boiK's, and large blood-vessels^ are destroyed : in such cases, 
even if life be spared, great deformity may ensue from different forms 
of ankylosis, or from strangulation of a distal part by a contracting 
cicatrix, necessitating amputation (Fig. 97). 

Diagnosis has to be made from tlie ulceration of yaws, syphilis, 
amoebic ulcH^ration of tlie skin, oriental sore, varicose ulcers, and veld 
sore, and is usually not viTy difficult, a final diagnosis being arriviMl 
at by process of exclusion. 

Treatment. — As recent observations in Kenya Colony and 
Tanganyika Territory have shown that dietetics play an important 
part in the production of ulcus tropicuin, it is of the first importance to 
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endeavour to rorreet any cachectic state which may be present. Thus 
good food, fresh vegetables, lime-juice, and quinine are almost invariably 
indicated. Corkhill in the Sudan finds that niiich the same conditions 
liold there ; cod-liver oil dressings, for instance, combined with a liberal 
vitamin A dietary give good results. Opium in full doses, not merely 
to assuages pain, but on account of its special action on the phagedienic 
process, is usually of great service. 

If the son^ is extensive and se})tic, the pati(‘nt sljould l)e ana*sthet- 



Flg. 97. — Ulcus Iropicum : acute case in a European, eventually causing loss 
of leg, {Edil(}r\'i case.) 


ized, and the surface |)roperly scraped and subsequently swabbed 
witli puHi carbolic. Directly healthy granulations a})pear, the ulcer 
sliould b(^ treated on general ]>rinci})les. Other authorities prefer 
strong commercial formalin apjdied lightly once a day for two or 
three days, followed by a bisinutli paste (13. 1. P.) directly a scab 
has formed. 

James, in his hospital in New Britain, states that ulcers and 
their complications account for most of the dcviths. In serious 
cases curetting or excision is often m^cessarv, followed by skin 
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grafting, with or without copper sulphate treaivLent. Jaiiien’ method 
is as follows : 

C-opper Bulohatc . . . . . J ez. 

Cilyccrin . . . . . . 2 oz. 

Acid carbolic, 1 drm. t-o oz. of resulting solution. 

After crushing tlui copper, it is placed with glycerin into an enamel 
bowl and heated. It is Ihtai stirn'd and allowed to cool and a drachm 
of carbolic is added to each ouncu* of solution. The ulcer is gently 
cleaned with wool swabs, the limb is plac(‘d horizontally, and the 
solution is applied on a piece of wmol the size of a pea, the application 
being continued for two or three minut(‘S. A dressing of acrifiavirie, 
1 : 1,000 on gauz(^ is applied and is covered by a hot fomentation. 
The application may have to be repeat(‘d twice daily. Most ulcers are 
clean after applications on tw'o consecutive mornings and on the fourth 
morning scarlet-red ointment and adhesive plaster can be appli(*d. A 
somewhat similar method is advocated l)y Acton and Panja. 

Harley-Mason in Kenya emphasizes the value of tar as an application 
in the mass treatment of natives, and has reported upon 300 cases 
treated in this manner. The ulcer is tirst swabbed out with eusol, 
any sloughs present are removed, and the surrounding skin is cleaned. 
The tar is spread upon lint and changed every two or three days. 
Subsequently zinc ointment is used ; applications of zinc oxide and 
ichthyol are also recommended. Strocchi first cleanses with hydrogen 
peroxide and then applies gauze saturated with a preparation of 
arsenobenzol and iodine known as Neojodo 

Small superficial ulcers respond readily to powdering with iodoform, 
or B.I.P. dressing, and subsequent firm strapping with elastoplast 
after Dickson Wright’s method. When elastoplast cannot be obtained, 
a 3-in. spiral bandage acts well. Sayers in the Solomon Islands finds 
this method particularly suited to the natives of that region. The 
strapping must be left on for one week. The I^lditor has also had 
successes in intractable cases with this method in Europeans. This 
method is based on the principle that the best dressing for the ulcerated 
surface is its own discharge. Two longitudinal strips of elastoplast 
are applied to cover the malleoli and further longitudinal strips 
are placed over the instep, over the terido Achillis. and over the 
ulcer itself. A circular bandage is then applied, commencing from 
the toes and winding spirally up the leg. No dressing is used. 
After twenty-four hours in a bad case pus leaks through the bandage 
and the smell becomes objectionable. Then a plain bandage is applied, 
and if the discharge is excessive the bandage is removed after three 
days. At this time the ulcer may be larger, but epithelization will 
be occurring at the edges, and healthy granulations will appear. 
Spraying with insulin has been found by the Editor to promote healing 
at this stage. The leg should then be restrapped and not touched 
again for a week. 
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Then there is another class of case where every simple method 
fails and the ulcer continues to spread in spite of the most energetic 
measures. In these cases total excision of the ulcer followed by 
Thiersch-grafting offers the only means of ultimate success. This 
method has been used by Brennan, Anderson, and Roberts in Kenya, 
and James in the Solomon Islands. By means of a large curved 
bistoury the whole of the infected tissue is removed. The ulcer is 
excised under spinal anaesthesia and not scraped. The resulting wound 
should be dressed with eusol and ointment twice daily till the surface 
is clean. ^ Afterwards a dressing of B.LP. should be applied once 
daily for some days until it is certain that there is a granulating surface. 
The site is now treated by skin grafting. According to Enzer, when 
the Thiersch method fails, “ pinch grafting ” of small circular patches 
of whole skin distributed over the area should be employed. It is 
said that complete healing takes place in fourteen days. The Editor has 
had experience of two such cases in Europeans whore grafting ultimately 
succeeded when all else had failed. The grafts should be dressed with 
an emollient ointment, Tull Gras Lumiere (Anglo-French Drug Co., 
238, Gray’s Inn Road, W.C.l). Workers in Kenya agree that the 
grafts usually take readily, and the stay in hospital after operation is 
one of twelve to nineteen days. 

In contrast to the energetic measures described above, Loewenthal in 
Uganda c'laiins brilliant results with intravenous injections of calcium. 
Fifteen grains of calcium chloride in 10 e.c. of distilled water are injected 
intrav('nouslv daily till the cure is complete, and if a case proves resistant, 
the dose is doubled. It is said that the offensive odour is lost in the first 
week, sloughs in the second, and in the third there is a healthy granulating 
surfac(‘ with rapidly extending epithelization. However, it is probable that, 
though disordered calcium metabolism may play some part in the produc- 
tion of these ulctTs, yet the results of treatment would be improved by 
scraping and skin-grafting. 

Kerby reports that zinc ionization is useful in healing up residual 
areas of ulceration. For this purpose a 1 -per-cent, solution of zinc 
sulphate has been used at the rate of 2 ma. to the square inch for 
20-30 minutes. 


Veld Sore 

Synonyms.- — Septic Sore ; Desert Sore ; Barcoo Rot. 

Geographical distribution. — This peculiar ulceration is widely dis- 
tributed in the tropics and subtropics wherever desert conditions exist. 
It has long been know n in Queensland and the Northern Territory of Australia . 
It affected the British troops in the Sudan and South African campaigns, and 
caused a very considerable amount of disability in Gallipoli, Egypt, PalestinQ 
and Iraq during the Great War. In South Africa it is familiar to sportsmen 
and travellers. 

* Sayers finds that acriflavine 1 ; 1000 with normal saline is the best solution to clean 
up a suppurating surface. It is applied on dry gauze and tlie wound surface is swabbed 
with normal saline before the bandage is applied. 
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iCtioJogy. — The cause of this condition has Jong been obscure. In 
1916 Craig, worl^ing in the Sinai Desert, demonstrated the diphtheria baciJIus 
in the lesions. Whether this covers the setiology of all veld sores cannot at 
present be affirmed, but that a certain proportion are diphtherial in origin 
may be taken as established. By sterilizing the surface of the sore with 
absolute alcohol and scraping the clear surface, a pure culture of the Klebs- 
Loffli'r bacillus may be obtained on Loffler’s serum. This organism is patho- 
genic to guinea-pigs and quails, and its h'thal effects may be neutralized by 
injection of antidiphtheritic serum. In th(‘- serous contents of the blebs the 
typical granular bacillus may be observed in stained preyia rations. (Fig. 98.) 

The desert sores, as the Editor observed them among British troops, 
occurred most frequently in men of mounted units, es])(Haally those associaUul 

with camels. The rate of in- 



cidence coincided with that of 
a u idespread epidemic of faucial 
diphtheria. 

Symptoms. — The sores oc- 
cur almost invariably on the 
expos(‘d parts, mainly those 
covered by hairs, such as the 
dorsum of the hand, the fore- 
arm, the elbows and knee-- 
joints. Sometinu's the k-sions 
o(‘cur on the fac(‘, over the 
eyebrows and on tlu^ cheeks. 
They may arista dc noro, or In- 
sujierimposcd on some abrasion. 

A ri'gular sequel of events 
jirecedcs th(; actual ulceration. 
At first a vesicle full of straw- 
coloured fluid makes its ap- 
jH*a ranee, generally in the 
vicinity of a hair follicle ; it 


Fig. 98.— Culture of Klebs-Lbffler bacillus <M)nsi(iorably in size, 

obtained from the veld sore shown in Fig. 99. I'hc pain it occasions is quite 
{Dr. H. K. Orijjin, Assiut^ Egypt.) on t of proportion to the size of 

the lesion. On bursting it leaves 
behind a shallow ulcer covered with a thin grey jielliclc. The raw ulcerated 
surface is exquisitely tender, and it may continue to spn^ad iieripherally. 
(Fig. 99.) 

After th(- inflammatory changes have lasU-d two or three weeks the ulcers 
enter upon a chronic stage. At this stage they are characderistii^ in c ppearancii 
and perhaps are more familiar to tropical jiractitioncrs and medical officers 
than when in the incipient stages. The ulcers are puuched-out, (circular in 
outline, with undermined edges and thickened margins ; their base is covered 
with grey-(5oloured and scaly debris, bcuieath which one can frequently 
distinguish an adherent membrane, but little or no pus is discharged. The 
peculiar ulceration which results is most intractable, and resists all external 
forms of medication ; the edgi-.s become indurated, and the thickened tissue 
has a cyanotic appearance. In sores in which healing does take place a thin 
paper-like scar remains, and persists for several years. The actual ulceration 
may continue for two years or longer. 
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The EJebs-Loffler bacillus can be isolated with case only from the primary 
lesions ; from the chronic ulcerations it is recovered with difficulty, being 
overgrown with staphylococci and other organisms of suppuration. 

Typical diphtheritic pareses, or paralyses, have been observed in associa- 
tion with these sores ; in one series this complication occurred in 27 per cent. 
Paralysis of the palate, arms, and legs, and accommodation paralysis of the 
iris, have been obscTved. There may be ataxia, loss of knee-jerks, ansesthesia, 
and incoordination, rcjcalling at first sight locomotor ataxia or beriberi. 
Walshe has pointed out that the initial local paresis is in anatomical relation 
to the site of’ the inletdive focus. 

Treatment. — d'he s])(‘eific treatment for this kind of ulceration is anti- 
diphtluuitie scTuni, which has a very striking effect in healing up ulcers that 
have persist(‘d for a year or even longer. At least 4000 units should be given, 
and should be inject(‘d subcutaneously in the vicinity of the sores. The sores 



Fig. 99. Veld sore on leg containing growth of Klebs- Loftier bacillus. 

{Dr. H. K. (frijjiti.) 

themselves may i>e dressed with lint soaked in the same serum or with weak 
formalin. 

Prophylaxis. — Protecting against abrasion exposed parts of the body, 
esp(‘cially the knec's, in d(\sert regions where these sores occur, is obviously 
indicated. MounbHl men should wear knee-breeches and should not be 
permitted to ride in shorts. The application of antiseptic lotions to any 
abraded surface at the earliest possible moment is also indicated. As there 
is some evidence that dried horse-manure may act as a nidus of the bacillus, 
care should be taken to avoid contact with this substance as far as possible. 

Amoebic Ulceuation of the Skin and Subcutaneous Tissues 

A pociiliarly destructivo typ(i of ulceration of the skin with 
involvement of the deeper tissues may occasionally occur in the vicinity 
of amcDbic lesions caused by the invasion of the cutis by tissue-invading 
forms of Entanuvha Jiisiohjtica. This has been noted around discharging 
sinuses from a liver a])scess on the chest-wall, or in the perineum in 
the vicinity of the anus. The skin in these regions affords a suitable 
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medium for the multiplication of the amoebae, and the ulceration, once 
it has commenced, spreads with great rapidity (p. 568). 

The differential diagnosis has to be made from ulcerating granuloma 
of the pudenda, from the gummatous ulceration of syphilis or yaws, 
from actinomycosis, from tubercular ulceration, and from massive 
gangrene of the skin, or the chronic infectious gangrene described by 
Meleney. The treatment of aiiKebic ulceration of the skin is very 
satisfactory, and it yields almost instantaneously to injections of 
emetine ami other anti-ammbic drugs. 

Boils 

The anatomical and clinical features of this ])ainful affection art< 
too familiar to require detailed description. Suffice' it to say that a 
boil is produced by the proliferation of Sfaplujlococr us pifcxjenes mi re us 
and albus, Strepiocorcyus pyogenes, or other ])yogeni(‘- micro-organisms, 
in the skin and subcutaneous tissue : that the organism givi^s rise to 
local and limited infiltration of the tissues with lymph, leading to 
necrosis, the central core being surrounded by an arc'ola of acute 
inflammation ; that this core is separated by a process of sloughing 
and so got rid of, the resulting ulcer speedily healing, and leaving a 
depressed scar which, when occurring about th(' legs, may become 
pigmented. Though a self-limiting disease locally, it is nevertheless 
capable of being inoculated elsewhere in the same individual, both 
through a breach of surface and also by simple contact of the discharges 
with the skin, the micro-organism apparently entering by a hair follicle. 
This auto-inoculability of boils is apt to be overlooked. 

Conditions of debility^ presumably' by lowering resistance, predispose 
to boils ; the subjects of diabetes are especially prone to tliem, the 
saccharine state of the blood or secretions seeming to be jiarticularly 
favourable to growth of the specific germ. In the tro{)ics, too, boils 
are the frequent accompaniment of and sequel to malaria. 

Treatment. — Boils ought never, unless in very exceptional cir- 
cumstances, to be poulticed. Poulticing, although it may relieve the 
pain of the existing boil, is prone to be followed by more boils in the 
area sodden by the heat and moisture. Neither should boils be incised, 
or squeezed. The only exception to the rule of not cutting is in the 
case of ])oils occurring in the scalp or in the axilla. In the former 
situation, unless opened earlyg they are apt, especially in young children, 
to burrow and cause troublesome abscesses ; in the latter situation 
boils tend to be very indolent and painful, and do not readily break 
through the lax integuments. 

In any situation in which the boil is liable to Uj irritated by prccssure or 
clothing, it is sometimes a good plan to cover the part with a circle of wash- 
leather spread with soap plaster, and having a small hole (ajt in its centre 
corresponding to the apex of the boil, or under modern conditions with a 
specially -prepared elastoplast strip. When a boil opens, the discharge must 
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bt’ ke[)t from soiling the adjoining skin, and the patient must be warned 
against touching the skin elsewhere with pus-soiled fingers. The parts must 
be frequently cleansed with 1 : 1000 (corrosive sublimate lotion, powdered 
witli boric acid, and covered with a dry, absorbent antiseptic dressing. A 
threatening boil may often Ixi aborU‘d by touching the little initial itching 
or vesiculatcd papule with some penetrating antiseptic, as iodine tincture, 
or by painting it w ith collodion. A very successful method is to drill slowly 
into the centre of the papule with a pointed ]X‘ncil of hard wood dipped in 
pur(‘ carbolics acid. The point of the pencil should penetrate at least an 
eighth of an inch, and should be frequently recharged with the acid during 
the drilling ])rocess ; tijc ])ain is trifling. In this way, in a severe attack of 
furunculosis, boil after boil may Ixi abort(‘d and the attack brought to an end. 
In obstinate chi’onic furunculosis excellent results have occasionally att(*nded 
tix'atiruait by injections of an autogenous vaccine commencing with a dose 
of fifty millions and working up to three hundred millions of organisms. 

The (“ff(‘ct of the sulphanilamides on pyogenic su})puration has to be 
noU'd. In ricron (Bayer), given in full doses of 3 grm. per diem, we jossess 
a s})ecific for sf)me cases of sta])hvlococcal suppuration. 

BEMj*ni(;rs Cont.\{jiosus (Pyosis Mansoni) 

Geographical distribution. — Pem])higu.s contagiosus is very common 
in South China during the hot weather ; in some years it ma\' even be 
described as c{)idemic. It is ])erennial in the Straits Settlements, and it is 
known in C\‘vlon, .Madras, in North Queensland, Japan, and America, 
hairopcan childriai an‘ mort‘ prone to it than native children ; 7Curoj>ean 
adults are by no nutans (‘xempt, but the native adult is rarely affected. 

iCtiology and pathology. — Like inqxdigo eontagio.sa, this is un- 
doubtedly a germ disease, caused by streptococci and staphylococci. Manson 
originally found a dipkx'occus in the epidermis and in the fluid of the blister. 

Symptoms. PcMiiphigus contagiosus closely resembles (*ertain forms of 
the im])ctigo contagiosa of temperate countries, and is probably a varietv of 
this class of skin (iis(*asc. 'I’he individual lesions, as can readily be ascertained 
by ino(*ulation experiments, begin as minute erythematous specks, wJiich 
rapidly procc(‘d to the formation of vesicles, bullic, or even large pemphigus- 
like blisters. 

Pemphigus contagiosus may occur in almost any part of the body. In 
t'oung cliildren it is usually diffuse ; in adults it is mo.stly confined to the 
axilla? and crutch. 

Diagnosis. — Absenc^e of constitutional symptoms, or of a history of 
such, distinguishes jxmijihigus contagiosus from chickenpox. Absence of 
tricho[)hyton elements and of a well-defined, slightly raised, feshxmed, and 
itching margin, together w ith the presence of large blebs and scaling of the 
(‘])idermis, distinguishes it from ordinary forms of body ringworm — a disease 
with which, w hen occurring in the aruquts and crubJi in adults, it is frequently 
confounded. 

Treatment.- Cleanliness, the frecpient use of a corrosive sublimate 
lotion (I : 1000) and a dusting-powder of equal parts of boric acid, starch, 
and zinc oxide, or ammoniatc^d mercury ointment are specially effective. 
UndoubUally sulphanilamide compounds, es]:x‘cially M <fe B 693 in full doses 
of 3 grm. daily to an adult, may be found useful. In the school and nursery 
those responsible for the care of children must be informed of the contagious- 
ness of this unpleasant affection, and measures be instituted accordingly. 
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Ckaw-Chaw and Ulcerating Dermatitis 

Synonym. — ^Nodular Dermatitis. 

Symptoms. — TJic term era^A -eraw is very loosi'ly a|)})liod. homily lias 
described under this name a papulo-pustular skin affta tien which is common 
in certain parts of tropical Africa and is often the cause of niucJi suffering to 
the traveller. Jt, or a similar disease*, is by no iiu'ans confined to Africa, 
for it is s(‘cn in })ati(‘nts from Ceylon and India, and Manson was at one time 
very familiar with it in South China. 'I4u* dist‘ase bej^ins as an itching papule, 
very possibly at the seat of a mos(piito-bite. itching ])rt)vokes scrat(‘hing, 

whereby some form of pyogenic micro-organism is ino(‘ulated. Ihistulation 
follows, and is spr(*ad over feet and legs by soih'd sho('s and stockings, and 
auto-inoculation. In this way an ulcerating, i)ustulating dtTinatitis is 
kept up. 

In the exudate* of these papules O’Xeil found small filaria embryos w hich 
resembled the embryo of Acanthochciloncntd jwrsfans. Brumpt dews not 
believe that these* are examples of the embrye)s e)f Onchocerca rolruJus, as 
has bee'n affirmed. Possibly they are the .same as the* niicre)filaria ele*scribeel 
by Maclie {.see p. 9b5). It may be, too, that many of the*se“ e‘ase*s an* in e*ffi'ct 
an allergie* manifestation of a systemie* filarial infe*e‘tie)n b\ />. Jo(t e)r A. per^ifan.^. 

Diagnosis.—The hard, horny j)ai)ules e)f e*raw -craw have to be differ- 
entiated from scabies, which is c,onime)n in Afrie*an native's. It has to be^ 
distinguished from the liche*noid eruptie)ns cause'el b\' microfilaria volvulus 
(p. 963). 

Treatment. — Pmily elescribes a ve*rv effieient treatment. Pustules are^ 
opened, crusts removed, anel ule*e*rs scra 2 )e*d. Ifeuie -acid j)owele'r is the'ii dusted 
freely on the j)arts after a thorough .se*rubbing w ith sublimate* lotion ( 1 ; KXM)) ; 
borated vaseline is a|)j)lie*d on lint, and this is e*e)vered by abse)rbeuit cotton 
and a bandage. The elressings are* ne)t disturbeel fe)r a w(‘e*k, when the jiarts 
wall be femnd semndly healeel. 8imilar aute)-infeetive elis(*ases, so conimem 
in the troijics, may be treate'd by j)role)nge‘d sejaking in a warm carbolie*-acid 
lotion (1 : 20), followed by elry dressing with be)rie* j)owde'r. Tnfe‘cte‘d sli])pe‘rs, 
shoes, and stockings shoulel be destre)yed. 

Cercarial Dermatitis 

Cort in Michigan (U.S.A.) in 1928 drew atte'iitiein to a spe*cial kind of 
dermatitis jirodueed by Oerenria clr<t\ anel se)e)n after C. douthitU was founei 
to cause similar lesieins. Jn England anel Wales dermatitis from bathing 
in ponds and reservoirs has be>cn ne)teel by Mathesem, Taylor and Baylis as 
due to C. ocdlaia, a form e;ie)sely allied te) C. tlvcp.. The cercaria* burrow' in the 
skin and their heads bece)me arrested there and cause a pustu'ar erujition. 
All these cercariae are* derived fre)m different species of Lynmmr esi/ccially 
L. ocellata. C. dvo'. anel C. oedhta are large cercariic nearly J mm. in length 
overall, twice that e)f the bilharzia cercariae ; the tail is bifurcaB^ei and all 
possess two suckers. C'ercarial dermatitis is commeinly kneiwn as ‘‘ sedge-pejol 
itch ” or “ swimmer’s itch,” and takes the form of an itching macule>-urticarial 
dermatitis, later becoming papular or jnistular ; it may be*, afte*!* a few days, 
actually exanthernatems. It is always connected with jiaddlmg e)r swimming 
in infected waters a few' days previously. 

Pyrethrum Dermatitis 

Pyrethrum dermatitis has been noted in Kenya, and is caused by the 
leaves and flowers of Chrymnthtmum cineraried oUum, which grows at altitudes 
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of 500-7000 feet and dowers throughout the year. The pyrethrura content 
is 1-2 f>er cent. Absorption is facilitaUid by constant sweating, and exposure 
to sunlight greatly exacerbates the lesions. Some persons on contact exhibit 
incr(“ly a local dermatitis ; in others it produces a widespread allergy. Itching 
commences at the corners of the eyes, and this is followed by lac^hrymation, 
an irritating vesicular rash, peeling of the skin, and the formation of painful 
fissures. 


JIJ. FUNGOUS SKIN DISEASES 

Pkickly Heat 

Prickly lieat, or, as it is somotirnos called, lichen tropicus, is 
pru])a])ly a form of miliaria (not of liclien) connected with the excessive 
sweating incident to the heat of tropical climates. 

According to PolIitztT, the m(‘chanism of its production depends on the 
non-cornification of the cells of the stratum corneum, the individual cells of 
which, in cons(‘(pienc‘(‘ of their being sodden by constant ])(‘rspiration, swell, 
and so obstruct the orific(‘S of the sweat-glands, thereby leading to accumula- 
tion of sweat in the ducts. 

Etiology. — In scah^s obtained from the lesions, E. C. Smith has 
betai able to demonstrate yeast-like budding forms and branching 
mycelium of a speci(‘S of Oidium. 

'fubes of SaVjouraud’s medium are sown with three or four fragments of 
scjiles and maintained at room-temp(‘rature. Within six days the fungus 
a})pears as an o})a(|ue, cr(‘amy-white growth. Occasionally a variety is 
encountered which produces a red colour. In ord(T to obtain it in pure 
culture, frequent, subinoculations are necessary. Microscopically the pure 
cultures are composed almost entimly of budding forms, staining by Gram. 
Occuisionally short mycelial filaments are encountered. 

In s(‘ales these yeast-cc'lls can b(‘ demonstrated by (ham's method. 

Nuperticial application of cultures to the liuman skin reproduces the 
natural dist‘ase. A ])iece of lint I in. in diameter is moistened with a thick 
emulsion of a twenty-four-hour agar growth, apj)li(‘d to the shaved skin and 
maintained in close contact by adhesive plaster. The incubation ])eriod is 
about four days. The area is then found to be covered with minute sudaminal, 
or herj)etic-like vesicles. In the scales collected from the surface of these 
vesicles the fungus can bo demonstrated as well as in the superficial parts 
of the liair follicles. 

The lesions are probably produ(;ed by two factors ; the mechanical factor 
is supplied by the irritation produced by a foreign body, the toxic by the 
fungus itself. I'his combination produces a progn‘ssive aHlenia of the cells 
in the vicinity. The portion of the hair follicle which })asses through the 
epidermis is involved. 

Nearly exery European in the tropics suffers from prickly heat, 
particularly during the earlier years of residence. Some never seem 
to become acclimatized in this respect, but continue year after year 
to exhibit their crop of prickly-heat lesions xvIumi the liot season 
comes round. 
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Though sufficiently annoying in the robust and healthy, in them 
prickly heat is not a grave affair. It is otherwise in the case of the 
invalid, of delicate sickly children, of hysterical and, especially, of 
parturient women ; to these it may prove, by interfering with sleep 
and provoking restlessness, a very serious matter. Prickly heat is 
also a common though indirect cause of boils ; for the broaches of 
surface following on the scratching it induces afford many opportunities 
for invasion by the micro-organisms of furuncular disease. 

Prickly heat consists of a miliary-like eruption, generally most 
profuse on those parts of the body, as around the waist, which are 
closely covered with clothing ; but it also occurs on tlie backs of the 
hands, on the arms, legs, forehead, occasionally on the face, the scalp, 
in fact on any part of the surface of the body except the palms and 
soles. The minute, shining, glass-like \esicles, and tla' numerous, 
(‘losely-set, slightly intlamed papules, give the skin the feeling as if 
thickly sprinkled with grains of sand. The (TU])tion may keep out 
for months on end, becoming bet ter or worse according to circumstances. 
The pricking and itching are often exceedingly distr(‘ssing. Anything 
leading to perspiration immediately ])rovokes an outburst of this almost 
intoleral)le itching — nothing more certainly than a cu]) of hot tea or 
a plate of hot soup. Long drinks, exposure to the hot sun, close rooms, 
warm clothing, all aggravate the distr(‘ss. SouK^tiiiK's the little vesicles 
pustulate, doubtless from micrococcus infec^tion. As soon as the 
weather becomes cool the eruption and the irritation quickly subside. 

Treatment. — -Manifestly, the most im})ortant thing is the avoid- 
ance of all causes of perspiration ])articularly the copious consumption 
of fluids, esj)ecially hot fluids — moderation in exercise, avoiding sea- 
bathing, close rooms, warm clothing, and so forth. Soap should not 
be used in the bath. The sleeping-mattress and ])illow should be 
covered with a finely woven grass mat, and the bed provided with 
what is known in the East as a “ Dutch wife ” — that is, a hollow 
cylinder, 4 ft. by 8 or 10 in., of open rattan work, ever which the 
arms and legs can be thrown, and unnecessary apposition of sweating 
surfaces so avoided. A pmikah at night is a great comfort. Afridol 
soap (Bayer), containing oxymercuriotoluylate of sodium, in which 
mercury is in non-ionizable form, can be recommended as e pre\'entivc 
and a curative measure in prickly heat. The soap is powerfully 
germicidal and should be used twice daily with warm watc'r. A Arm 
lather should be produced in warm water and applied to the affected 
parts. The lather should be left to dry on the skin for a quarter of 
an hour so that it can exercise its full effect, after which time it can 
be thoroughly washed off. When used as ordinary soap it acts as 
a preventive against prickly heat. Midgley’s “ Medisoaps ” are also 
to be recommended, especially one containing 20-per-cerit. carbolic 
acid, and another containing mercury biniodide. Every bathroom 
in the tro])ics should be provided witli some mildly astringent and 
antiseptic dusting powder. A very good one consists of equal parts 
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of boric acid, oxide of zinc, and starch. Tliis should be freely applied, 
after careful drying of the skin, particularly to the axilhe, the crutch, 
under the niannna' in women, and between th(} folds of skin in fat 
children and adults. A simple j)recaution of this sort saves much 
suffering both from prickly heat and from epiphytic skin disease. 
Huge recomni(}nds rice powder containing a little Desifin. 

The frequent application of a salicylic-acid (1 dr.) and spirit (8 oz.) 
lotion lias been advised. Pearse strongly recommends the inunction 
of a mixture of almond oil and lanolin in the proportion of 8 to 1 and 
scented according to fancy. Some consider thin tlaniud a better wear 
than cotton or linen as a preventive of prickly heat. Sometimes the 
following powder, gently rubbed in for five or ten minutes with a 
damp sponge, will cure bad j)atch(\s : Sublimed sulphur, 80 parts ; 
magnesia, 15 parts ; oxide of zinc, 5 parts. Calamine lotion, with or 
without hydrocyanic or carbolic acids (2 per cent.), relieves llie itching 
and is strongly recommended. 


Tuoi>u Ai. CiiEiaoeoMpnoLYX 


This is a nana* given to V(*sicular erujitions on th(' hands, fingers, or 
f(‘(‘t. In till' majority of cases these are due simply to t'czema : others 
are signs of dtTmatitis dm* to extt^rnal irritants, or are toxic eruptions 
du(‘ to ringworm infection of the tot‘S, etc. Owing to th(‘ thickness of 
flu* horny lavi'r on the hand, the vesicles cannot rujiture as they would 
elsewhere', and remain in the skin for days like grains of boiled sago. 
Tlu‘ l)(‘st tn'atment is calamine and lead lotion with liquor picis carbonis, 
and sometiuK'S tlu* addition of weekly doses of a quarter of a pastille 
of X-rays, not more than four in all. 

It is claiiiK'd by Pitz-l*atrick that a distinct form (‘iidemic in tropical 
Africa and India is caused by an anaerobic bacterium which attacks 
the palmar and inte'rdigital aspects of the hands and the plantar aspects 
of the feet. The following ointnuait is said to l>e sjiecific : 


Coal tar . . . . . .3 parts 

i\)wdered charcoal .... I part 
Zinc oxide ..... 4 parts 
J.(anolin and vaseline . . . 12 parts 


Tdie ointuKait is rubbed well into the affected parts, and cotton gloves 
or socks ar(‘ worn. In conjunction with this, resorcin soap must be 
used. 


Diiobie’s Itch (Tinea Cruris) and Pityriasis Versicolor 

.Etiology and nomenclature. — By the lay public all epiphytic 
skin diseases in the tropics — more especially all forms of intertrigo — 
are spoken of as dhohie's (washerman’s) itch, in the belief, probably not 
very well founded, that they are contracted from clothes wTiich have 
been contaminated at the washermaiTs. dliere are many sources of 
ringworm infection in warm climates besides the much-maligned dhobie. 
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111 file tropict^, native children often exhibit dry, scurfy patches 
of ringworm on the scalp ; and the skin of the f runk and limbs of 
adults is not infrequently affected with red, slightly raisiai, itching 
rings, or segments of rings, of trichophyton inh'ction. In some cases 
these rings enclose areas that are many inches in diameti^r. 

Pityriasis versicolor is also very common in the trojiics. It is 
the usual cause of the pale, fawm-coloured, slightly scurfy patches so 
frequently a feature of the dark-skinned bodies of natives. On the 
dark-pigmented skins of negroes, Indians, and dark-conqilexioned 
Chinese, the patch of pityriasis — contrary to what obtains in Ihiropeans 
and light-skinned Chineses — is usually paler than the healthy integument 
surrounding it. The pigment in the fungus and the profuse growth 
of the latter conceal, as a coat of paint might, the dark underlying 
natural pigment of the skin, wdiich, moreover, in certain castes seems 
to be affected (either increased or decreased) by the action of the fungus. 
The disease is most commonly seen in young adults, is favoured by 
excessive perspiration, and (‘specially by tlania'l underwear, and is 
rarely seen in the aged. 

There are possibly s(?vt‘ral varieties of fungi involv(‘d in the pro- 
duction of pityriasis ; besid(‘s Microsporon furfur, the best-known is 
Microsporon viansoni, of which a culture in inaltnse-agar ])roduces 
black hemispherical colonies, and correspondingly black ])atches on 
the affected skin. 

The expression dho]>i(/s itch, although apjdied to any itching, 
ringworm-like affection of any part of the skin, most commonly refers 
to some form of (‘])iphytic disease of the crutch or axilla. This infection 
has now become widespread in (Irt'at Jlritain and is endemic in most 
English public schools, wluu'cr it is spread by infected clothes an I w ater- 
closet seats. There are at least two s})tH*i(^s of })arasit(‘S which in th(‘ 
tropics are prone to attack thos(? situations, namely a tricho})hyton — 
Fj})ideru(ophyto}i inffuinale — and the Microsporon luinulissiuiuni of 
erythrasma. 

E. inyumale is peculiar to man only ; it is not easily cultivated, 
and grows slowly. On Sabouraud’s agar medium it takes a w’oek to 
develop, and appears first as p(3wdery growth. 

Symptoms. — The suffering to which certain forms of dhobie's 
itch give rise is often severe. In hot damp weather, espc ‘ially, the 
germs proliferate actively, j)roducing, it may be, smart d(‘rmatitis. 
The affection begins usually as slightly raisecl, rounded and elevated 
papules which spread peripherally, producing a raised festooned 
border covered with thick scales. The excessive irritation thus set 
up leads to scratching and, very likely, from secondary bacterial 
invasion, to boils or small abscesses. The crutch, or axillae, or both, 
are sometimes rendered so raw and tender that the patient may be 
unable to walk or even to dress. (Fig. 100.) It commonly extends 
backwards on the perineum and into the natal cleft about the anus. 
It often affects the skin under pendulous breasts and occasionally 
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furiiis patches rcseuil)lijig tinea circiuata on tlio thighs. In some cases 
tlie clefts )H?t\vf‘(‘n Ihe toes are attacked, giving rise to great itching. 
Tli(‘ irritations tlius produced are usually worse at night, and may keep 
the ])atient a wain* for hours. Even in the ahs(*nee of treatment, when 
th(i cold season comes round, the* dermatitis and irritation subside 
spontaneously. The aflech*d parts then become dry, pigmented, and 
scurfy, and tin* fungus remains quiescent until the return of the next 
hot weathcT. 

Diagnosis. — Tlio diagnosis of mycotic dcTinatitis is usually easily 
made. The festooned margin is almost conclusive. Wlien doubt 
exists, recourse* to the microscope may be necessary ; but, owing to 
the ^ntiamed condition of the parts, tlierc may be much difficulty in 



Fig. 100. -Dhobie’s itch, sy in metrical lesions in groins. {Orig.) 


tinding fuijgous elements even when the case is certainly epiphytic. 
A negative result is, however, not always conclusive against ringworm. 
The mycelial (dements can usually be distinguished in epidermal 
scales soak(Ml in li(]uor potassau Jt has to he distinguished from 
sehorrhadc dermatitis, interlrUjo and flexural j^soriasis. 

Treatment.— The patient shoukl get two pairs of running shorts 
which should be worn on alt(?rnate days, the pair not in nse being 
boiled. After a tliorough nse of soap and water, the ap})licati()n of 
Vlefninckxs solufiori of sulphide of calcium (1 oz. quicklime, 2 oz. 
pr(5cij)itat(‘d sulphur, 15 oz. wat(^r, boiled together in an earthenware 
vessel till reduced to 10 oz. ; the clear sherry-coloured fluid being 
decan tt'd after subsidence) every night for three or four times generally 
brings about a rapid cun*. If the parts are inflamed and tender, the 
solution should be diluted to half- or quarter-strength for the first two 
applications. A preliminary soothing treatment by lead lotion, or an 
44 
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iclitliyui or liazeliiio croaiu, is desirable in such casus. A tincture of 
the leaves of Cassia alaia painted on, or vigorous rubbing with the 
crushed leaves themselves, is ecpudly successful. If these fail, 
chrysophanic-acid ointment, 20 gr. to the ounce of vaseline, rubbed in 
twice a day till a slight erythema shows at the edg(‘ of the diseased 
patch, is almost invariably successful. When prescribing chrysophanic 
acid the physician must be careful to inform the patient of its staining 
effect on clothes ; to warn him to stop its use as soon as the erythe- 
matous ring shows, and to be careful not to apply the ointment to 
the face. 

More conveniently, chrysophanic acid may be prescribed in the 
following form with gutta-percha, and should be [)ainted on with a, 
brush on alternate nights. 

Acid, chrysophan. . . gr.xx (1*296 grm.) 

Chlorof. . . . 5i (3*0 c.c.) 

Liq. gutta-perchie . . 5 i (28*42 c.c.) 

Cignolin (Bayer) is a synthetic chrysarobin and is useful in all 
fungoid skin affections, in fungus of the nails, cheiropompholyx, and 
in psoriasis. Cignolin is apparently free from toxic action on the 
kidneys and in neat concentrations it can bo applied to the scalp 
without any danger of conjunctivitis. The pr(‘scription is cadojid (a 
proprietary tar preparation), 1 grm. ; cignolini, 0-l-()*2 grm. ; benzol, 
10 grm. If cadojel is not obtainable, a suitable formula is : 

01. cadin. (deod.) . . . Ufxl (2-368 c.c.) 

Cignolin ..... gr.iv (0-259 grin.) 

Benzol, rect. . . . - Si (28-42 c.c.) 

The combination of cignolin and tar follows the indications closely, 
for the former has a parasiticidal action and the latter is unrivalled 
for its soothing properties. 

The method of application is v(^ry sini])le, the affected areas being 
painted with the solution twice daily and tlu'u covered with strips 
of gauze. If there is too much irritation, then the ])ainted art'as are 
further protected with a thin layer of Lassar’s paste or calamine lotion. 

The following are the otla^r prescriptions of Cignolin which may 
be used for this or any other fungus affection. 

1. Cignolin .... gr.x (0-648 grin.) 

Chlorof. rncth. ad . . . ^i (28-42 c. • ) 

Ft. i3ol. Cignolin paint. 

Cignolin .... gr.iv (0-259 grm.) 

Zinc. oxid. .... 58s (1-944 grm.) 

01. oliv. ad . . . . ,^8s (14-21 c.c.) 

Ft. n nguentum. 

3. Cignolin .... gr.ss (0-032 grm.) 

Liq. carb. deterg. . . . oss (1- 176 c.c.) 

Acid, salicyl.. .... gr-iii (0-194 grm.) 

Paraff. moll, ad . . . (15*55 grm.) 

Ft. unguentum. 
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4. Cignolin .... gr.v (0-324 grm.) 

Ichthyol . . . . . 3^^ (1-944 grm.) 

Paraff. moll, ad . . . ,V (31-1 grm.) 

Ft. uiiguenturn 

Hallow (1986) oiidors(‘s tlio value of cignolin treatm(‘nl in his account 
of 810 cases treated in this manner. The patient should be isolated 
and Kept in clean })yjaTnas during treatment. For three days cignolin 
2 ])(T cent, in soft paraffin is applied with handag(‘S ; even if one thigh 
only is affected, both should b(‘ treat(‘d. At tin? (‘iid of this j)eriod, 
only disinfe(*t(‘d or non-iidected clothing should be worn, and, as an 
additional ])r(‘caution, ungmmtum acid. benz. should be applied nightly 
to the treat ( m 1 areas. 

d'incture of merthiolate (Eli Lilly A Co.) is also tdfective (p. 692). 

For the ringworms of the thick-skinned natives, linimentum iodi 
fre(*ly applied, and of double strength, is the best, speediest, and 
most efficient r(an(‘dy, but it is too irritating and painful for the 
]hiroj)ean skin. 

During tr(‘alment the wearing of short cotton bathing-drawers 
is recommended. 

Prophylaxis.- — The ^ arious forms of crutch dhobie‘s itch may be 
avoid(‘d by wearing next tin* skin short cotton bathing-drawers and 
elianging them daily, at the sane? lime powdering, after the daily 
hath, the axilla? and crutch with equal ])arts of boric acid, oxide of 
?inc, and starch. 

Hin(;woum of tuk Fkf.t (HoNOKoxui Foot, lhioC(/s Eczkma 
Tinea Pedis) 

A peculiarly intractable infection of the soles of the feet occurring 
especially amongst Europ<‘ans, is commonly observed in China and 
is known locally as “ Hongkong foot.'’ ^’his mycotic infection, as 
identified by ])old, is believed to be a variety of E^yidermoyhifion 
itKjuinale, or, according to Beintemar, E. inierdigiiale. It occurs 
especially during the summer months and appears as deep-seated 
vesicles about the inner margin of the hollow' of the sole, or on, or 
ladAveen, the toes at their proximal extremities ; or as a macerated 
condition of the skin of the interdigital clefts and of the contiguous 
surface : scaling of tlie skin with persistent and intolerable itching 
is a marked feature, and it often becomes secondarity infected (Fig. 101). 
Often a mycotic infection of the nails and the palms of the hands is 
associated with it. A similar condition has been described as occurring 
in Turkish baths in England by Wliittield, and in swimming baths in the 
Southern United States, as well as among bathers in Holland. As a 
})reventiv(‘ nu'asun' the application of tiu' following lotion is recom- 
Jiaanhal : 

latj. l'or]nald(*liydi‘ (4(e|H‘r-eenl,) 3i (.‘bae.t'.) 

Aeid. salicyl. .... 3i c.c.) 

Alcohol and water equal parts . 5viii (227-36 c.c.) 
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Treatment. — The application of Whitfield’s ointment is recom- 
mended : Salicylic acid 1, benzoic acid 1, coco-mit oil 12, soft paraffin 16 
parts, after the feet have been soaked in hot water. This ointment 
must be persisted with for three weeks or more. 

The various preparations of Ci^nolin are also useful, as well as a 
sulphur preparation such as Milijial (Ilayi'r). 

A powerful disinfectant which can be used for this purpose is 
'paramtrofilienol (T.C.L). It is a brown ])owd(T and is used in con* 
centrated form. The feet are first soak(‘d for half an hour and dried. 
The stain can be removed by the apjilication of a strong solution of 



Fig. lOI. Ringworm of Ihe foot. {Editor s Cr/sY.) 


bicarbonate of soda. A very simple treatment, said to 1 k‘ efficacious, 
is painting the interdigital clefts with 2-})(‘r-cent. mercuro^dirontc every 
night for two to thrive weeks. Another prc'paration whi/h can be 
recommended is ^Jerlhiolafc creatti (Eli Lilly A Co.) and also tincture 
of merthiolate, a solution of merthiolato in spirit, whicli sinks deep into 
tlie affected skin and tlien*by kills off tlie spores of the fungus. Montel 
recommends ruhiazol, injected intramuscularly, or srp/ucfr/c intra- 
venously. 

Macleod recommends bathing or paddling in sea-wat(!r. 

Infected jiatients should take careful jirecantions against the s^iread 
of the fungus, and should wc'ar sjiecial slipp(-rs in tlie hat broom Ijoofah 
soles and bath towels are reeomuM'nded as tlu v can he sterilized hy 
washini.:. 
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Kingworm of the Nails {Tinea Unguium) 

This is a mycotic infection of the nails and is a comparatively 
common, and extremely intractable, condition in Europeans, especially 
in India and China ; it is a singularly persistcait infection and may 
last for twenty years or more. It may occur as an independeiit 
affection or secondary to ringworm of the skin, scalp, or beard, and 
is often found in association with tinea cruris. The nails of both 
liands and h'ct may be attacked or single ones of (‘ach member, ^.riie 
fungus is a trichophyton, usually l^JpidermopJiylon inguinale; it is 
never caused by a microsporon. 

Th(‘ fungus first attacks tlui epidermis of the nail- bed and gradually 
invadt‘S the nail matrix. In doing so it causes considerable discolora- 
tion, ridging and fissuring of th(^ nail itself, which becomes opaque 
vith a brittle, frayed edge. dTie fungus may ])ass frojii the skin over 
the nail-fold and in this manner reach th(‘ matrix. 

Diagnosis. — The ap})earance of the atfected nail is not sufficiently 
characteristic to be distinguished without microscopic examination. 
The dis(‘ase is generally well advanced Ijefore it can i)e recogni/aai. 
For microscopic diagnosis, scraiungs of tin* nail are boiled in liquor 
})otassa' or left to soak for t wtaity-four hours. I’Ik* scrapings thems(‘h os 
should b(^ made as thin as ])ossible with a ])iecc of glass. Tie* fungus 
can tlaai be recognized in the softeiKal nail dobris, (*s])ecially in small 
dark hamiorrhagic s[)ots. The disoasos liable to Ijo confused with 
ringworm of the nails are eczema, siiphilis and, i‘S{)ocially, jtsoratsis. 

Treatment. — In the early stages when the lunule is attacked, 
lla* disease may be stam])ed out by S(»ftening the affected ])ortion 
with solution of })otash and painting with tincture of iodine or with a 
‘J-per-C(*nt . solution of corrosive sublimate in alcohol, twicc^ daily. 
W lit'n the nail is completi'ly involved, cure is almost impossible save 
by extirpation or by avulsioii. ITie result is, however, disappointing 
as the new nail usually bt‘Comes infected in turn. Aft(‘r removal the 
thicktau'd tiail-bed should be scrapcal and the matrix dressed with a 
parasitical ointment : 

;\cid. ajilicyl. .... gr.xxx (1*944 grin.) 

Hydrarg. anunon. . . . gr.xv (0*097 grm.) 

Vuasrdinc . . . . . jyi (81*1 grm.) 

Tlie shedding of th(^ nails by application of X-rays is unsatisfactory. 
Lt'ss severe cases are treated by softening the nail-plate by wearing 
fmg(u'-stalls of rubber containing soft soap for a few days ; the softened 
nail is then scraped down as far as possible with glass, followed each 
time by the application of lint soaked in Sabouraud’s iodine (iodine 5, 
potassium iodide 1, water 100), which should be kept in position by 
a loose rubber finger-stall. 

TjKEA IlMlUUCATA 
Synonym. — Tokelau Ringworm. 
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Geographical distribution. — The affection is principally inel 
with in the Eastern Archipelago and in the islands of the South Pacilic, 
where it affects a largo proportion of the population. It has been 
found to extend westwards as far as Burma, and northwards as 
far as Formosa and Foochow on the coast of China. Cases have been 
reported from Central Africa, and it occurs in the interior of Brazil. 
Once introduced, it spreads very rapidly in countries with a dani]), 
equable climate and a temperature of 80-90° F. ^'ery high or 
very low temperatures and a dry atmosphere are inimical to its 
extension. 

Etiology. — On detaching a scale and jdacing it under the micro- 
scope, after moistening with liquor potassie, a trichophyton-like 
fimgiis can be seen in enormous profusion. The parasite evidently 
lies between epidermis and rete, and by its abundance causes the former 
to peel up. As the fungus does not die out in the skin travelled over, 
it burrows under the young epithelium almost as soon as the latter 
is reproduced. Hence the peculiar concentric scaling and the per- 
sistency of the disease throughout the area involved. When the 
scales are washed oil by the vigorous use of soft soaj) and hot wat(M', 
the surface of the skin is seen to be covered with parallel lines of a 
brownish colour — evidently the slightly pigment (m 1 fungus })rolif(u- 
ating and advancing under the young epidermis. 

The parasite, said by Castellani to he of t^^o species, E ndcxJennophyton 
conceniricum and E. mdicvm^ can be (ultiimd by immersing the scales iu 
alcohol for five to ten minutes and then placing them, one scale to each t\ibe, 
in glucose broth. After five or ten days the scales, if uncontanjinah'd, are 
transferred to solid media, and growth takes place in three or four weeks. 

Symptoms. — Tinea imbricata may at first be confined to one or 
two spots on the surface of the ]a)dy : usually, in a short time it comes 
to occupy a very large area. It does not g(‘nerally affect the soles 
and palms, although it ma}- do so ; nor is the scalp a favourite sit(\ 
Baker remarks that it avoids the crutch and the axilhe. With tht‘Sc 
exceptions it may, and commonly does, swee]) over and keep its hold 
on almost the entire surface of the body, so that after a year or two 
a large part of the body is covered with the dry, tissue-})aper-like 
scales, arranged in more or less confused systems of conceiFiic paralk-1 
lines. This arrangement of the scales is absolutely charac eristic (d 
the disease, as may be se^en from Plate XX HI. 

An inoculation experiment readily explains the production of tin* 
scales, their concentric parallel arrangement, and the mode of extension 
of the patches. About ten days after the successful inoculation of 
a healthy skin with tinea imbricata, the epidermis at the seat of inocula- 
tion is seen to be very slightly raised and to have a brownish tinge. 
Presently the centre of this brownish patcli — perhaps a quarter of an 
inch in diameter — gives way, and a ring of scaling ef)idermis, attached 
at the periphery, but free, ragged, and rhghtJy elevated towards the 
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centre of the spot, is formed. In a few days this ring of epidermis 
has extended so as to include a larger area. 

The scales, if not broken by rubbing, may attain considerable 
length and breadth ; but, of course, their dimensions are in some 
dogre(‘ di^termiried by the amount of friction to which they are sub- 
jected. Usually tliey are largest between the shoulders — that is, 
where the patient has a difficulty in scratching himself. The lines 
of scales are from J to | in. apart. The hair of the scalp is not injured. 

Diagnosis. — From ordmarij rimju'orni, tinea imbricata is easily 
distinguished by the absence of marked inflammation or congestion 
of the rings, by the abundance of the fungus, by the large size of the 
scales, by tlie concentric arrangement of the many rings or systems 
of rings, by the non-im])lication of the hair, and b}' the avoidance of 
crutch and axilhe. From irldJufosis it is distinguished by the 
concentric arrangement of tiui scaling, by the perijdieral attachment 
of the scales, and by the presence of an abundance of fungus elements. 

Treatment. — The best treatment for tinea imbricata in natives 
is the free application of linimeiitum iodi ; its action is said to 
be increased hy tlie addition of salicylic acid, 15 gr. to the ounce. 
Limited patches may be treated with chrysophanic-acid ointment 
(20 gr. to the ounce), or hy the more modern preparation, Cignolin. 
(duthes should be boibnl or burned. 

Prophylaxis. — Danicds related that tinea imbricata is a com- 
j)ara.tively rare disease in Tonga. This circumstance the natives 
attribute to their custom of oiling the ]H)dy with coco-nut oil. Since 
the Fijians adopted this practice the disease has become somewhat 
less prevalent among them. Personal cleanliness, and the immediate 
and active treatment of any scaling spot, should be carefully practised 
in the endtanic countries. Amongst certain Central African tribes 
in women, who oil their bodies, it has never been observed, whereas the 
men, who do not adopt this custom, are subject to the disease. 

In Tahiti the use of chrysophanic acid is now general among the 
natives ; as a conso(|uence, the disease is less prevalent there than it 
was only a few years ago. 


PiNTA 

Synonyms,— Caraate ; Mai del Pinto. 

Definition. — An epiphytic disease characterized by peculiar 
pigmented patches on the skin. 

Geographical distribution. — Pinta occurs in certain districts in tropica 
America, especially along the river banks — in Mexico, Central America, 
Venezuela, Colombia, Bolivia, and in one or two places in Peru, Chile, 
Cuatemala. Honduras, and Brazil. 

i^tiology. — If one of the scales is moistened with liquor potass® 
and placed under the microscope, black spores and a white, highly 
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refracting mycelium are found. (Fig. 102.) The spores are round or 
oval, measuring 8 (ji to 12 [ji in diameter. Abundant pigment is seen 
floating in a yellowish fluid in the interior of the spore. The n\ycelial 



Fig. 102. — Fructification of cryptogamic epiphytes in pinta. 

{After Montoya y Florez.) 

A, Red pinta ; H, dark-violet pinta ; C, grey-violet pinta ; D, blue pinta. 


filaments are short, non-branching, tapering from a broad base to a 
blunt point by which each filament is attached to a single spore, like 
tlie stalk to a cherry. The mycelium measures from 18 p. to 20 p. in 
length by 2 p, in breadth. The differences in the colour of the patches 
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probably depend on differences in the pigmentation, or kind, of the 
fungus. Pardo-Castelli in Cuba has suggested that many of the lesions 
ascribed to pinta are in reality depiginented areas due to syphilitic 
infection. 

Symptoms. — Pinta commences at one or two points, the rest of 
tlie surface of the skin becoming infected in turn by extension or by 
autocontagion. At first the hands or face, or some other exposed 
parts, ar(i attacked. The original patch becomes hypery)igmented 
owing to active })igment-formation, but later it becomes white, red, 
blue, or black. It gradually increases in size, becoming scurfy and 
itchy, particailarly when the surface is warm. As the patches spread 
they assuiiK' a variety of shapes. Fresh spots appear in the region 
of the parent spots, into which, in course of time, they tend to merge, 
so that ultimately large patches of discoloured skin are formed. (Plate 
XXIV.) Tlie palms of the hands and the soles of the feet are not 
attackcal. On the scalp becoming affected the hair tunis white and 
thin, and ultimately falls out. When fully developed the disease 
])roduces a very grot(‘S(pie aj>pearance. It is probable that the white 
patclies in a proportion of cases are not epiidiytic, as tiiey neither 
itch nor dt‘squaniate ; very liktdy they are ordinary leucoderma, 
possibly brought about tlirough disturbance of the natural pigmenta- 
tion by a parasiti* which subse(piently died out. Neither sensation 
nor the glandular functions of tlie skin are affected. In consequence 
of tb(‘ scratching, tlu' imjilicated parts may Ix^coine cracdaal or ulcerated. 

Two types of the diseasi* liave been named -the superficial epi- 
(b'rinic and tlie dtaqi epid(*rmic, the former being represented by black 
and blue patches which spread ra]iidly, the latter iiududing the red 
and wliite patches, apparently involving the rote and deeper layers 
of the e})id(^rmis, spreading more slowly, and, at the same time, being 
more ditlicult to cure. The various forms and colours may concur in 
th(‘ sana^ individual ; but a given jiatch, once established, does not 
change colour. 

Pinta is contagious. It attacks both sexes and any age. Unless 
properly treated it may last for years. Want of personal clean- 
liness has a great deal to do with the prevalence of pinta in the countries 
mentioned, for it is seldom met with in Europeans or in prosperous 
negroes. In some districts it is comparatively rare, while in others 
nearly the entire population is affected. The patient emits an offensive 
odour not unlike that of dirty linen. No constitutional disturbance 
is provoked. 

Diagnosis. — This disease is readily diagnosed from leprosy by 
the absence of aniesthesia in the patches, and by the colour of the 
spots ; from erythrasma, from ringworm, and from pityriasis versicolor 
by the colour and the microscopic characters of the fungus. 

Treatment. — Chrysophanic acid, preparations of sulphur, liniment 
of iodine, and other epiphyticides are indicated. Cleanliness and 
the destruction of old clothes are indispensable. 
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Triciiosporosis 

Synonym. — Piedra. 

This peculiar disease of the hair is very coiumon in certain districts of 
Brazil, Colombia and l^ritish Guiana. So far as is known, it is virtually 
confined to the inhabitants of those comitries, of whojji a considerahle 
proportion, botli niak^ and h'uiale, and ap])ar(‘nt]y b(‘lon^in^ to all the 
races re]W(‘S(‘nt(‘d there, an‘ afiVeted. It is commoiHU’ in native wonuai, 
but has be(‘n observed on thi* (‘vadaslu's, la^ard, and seal]). 

The hairs are dotted over at irregular intcu’vals with numerous 
(1 to 10 or more in a, hair 60 em. in length) mii)ut(\ gritty nodositi(‘S, 
which f(M‘l like sand grains — luaice “ ])iedra - sandy. Tb(‘S(\ bari'ly 
visibl(‘ to tb(‘ nak(‘d (yi', an' distinctly p(*ree|»( ibk' to the touch when 
the hair is dr.iwn l)etwt'en finger and thumb. Tlu' aftect(‘d hairs ar(‘ 



Fig. 103. Human hair (magnified) affected with 'rrichosponm lx 
{()rt(j. j)r(‘]Hiratiiin . Photo toj Pr. Jl. II. <.}vh<t m .) 

bcait and twislial, and tejid to ])roduce matting and knotting. TIk* 
little nodositi(‘S which, thougli V(‘rv firm, an* not so hard as tlu' naiia* 
piedra (a stone) would indicate, Ixang (‘asily cut through with a shar]) 
knife or scissors -are ])akT than tlu^ hair which tiny surround, or 
partly surround, like a sheath. ^Fhey are situated in the <‘xt rafollicular 
portion of the hair, and vary iij numh(*r from one to t(‘n or jjiorc'. 
When a cond) is drawn through the hair, a sort of cn'pitation is ])roduced, 
doubtless by the friction against the hard particles. 

In Brazil piedra is known as far as Bahia, where Horta puhlisheil 
a monograph which remains a model of precise ol)serva,tiOii 

^Etiology. — Under the microscope the excrescences are found to 
consist of a number of spore-like bodies, Trichosjtoron giganteuin, 
easily made apparent by soaking the hair in liquor potassoB after 
washing in ether. Prom mutual pressure the spores, which are twins 
the size of trichophyton spores and n'lnarkably refringent, are pole- 
hedral, and together form a sort of tessellated mosaic, the elements 
of which seem to h<' held together by a greenisli soluble cementicy 
which a number of minute bacteria-like rods are incorporated. The 
shaft of the hair — not eroded or affected in any w^ay — can be seen 
intact through the encrusting fungus. T. gifianieirm is (xisily cultivated 
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on ordinary media. It liquelif-s gelatin in ten or tvvelvn days. The 
smallest spores measuri^ 2-5 [x, the largest up to 12 [x. Piedra is 
supposed by some' to bt* indu(*od by tin* mucilaginous hair applications 
in vogue among the Colombians. Lang(‘ron has suggested that the 
correct name for the parasite should 1)0 Piedra liorfai and he considers 
that it is probably an epiphyte analogous to certain epiphytic fungi 
which grow on the leaves in the forests of Central America. 

Diagnosis. — Although Juhel-Eenoy has given to piedra the name 
“ trichomycose nodulaire,” 
the condition must not be 
confounded with trichomy- 
cosis nodosa, which is a 
different affection and com- 
mon enough on the axillary, 
scrotal, and face hair in 
Europe and elsewhere. 

Neither must it he con- 
founded witli trichorexis 
nodosa, non-|)arasitic 

disease of the hair-shaft, 
which is split u]) at differ- 
ent points into brush-like 
bundles of libres, and is 
thus easily fractun^d ; nor 
with moniliform hair, a 
congenital, hereditary, and 
non-])arasiiic condition. 

Treatment. — Cleanli- 
ness, the fre(‘ ust* of 
soap, and the application 
of SOUK' eq)iphyticide should 
suffice for cure ; hut should 
such means fail, douht- 
less shaving the scalj> would he effectual. 



B lasto-arthrospores 


104. - Fungus elements of T. Jn lycli. (Orig.) 


TliicnojsiYcosis 

Synonyms. — Trichonocardiasis ; Trichomycosis nodosa. 

Trichomycosis is a, fungous disease of the hair, found in Central 
Africa and Asia, which in many ways resembles piedra. It may 
produce skin irritation and staining of the clothes. The shafts of 
the hairs, more especially thost> in the axilla, are attacked. The 
parasite is Trichosporon beigeli (Eabenliorst, 1867). This has been 
thoroughly studied by P. Vuillemin (1902). On the hairs it produces 
irregular nodosities containing the fungus elements, each 3 [x to 5 [x in 
length. In cultures mycelial formation takes place, composed of arthro- 
spores, giving rise to blastospores, and in older cultures to ascospores. 
The fungus is easily cultivated on Sabouraud’s medium, or beer-wort. 
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This fungus, which was first discovered in London by Beigel in 
1862, has been found occasionally in Europe, and is quite coinnion in 
Japan. It may attack the beard and inoustaclie, which may become 
matted together so that they cannot be combed out. The affect(‘d 
part emits a peculiar odour, as in the Editor's case from whicli tlu^se 
illustrations are taken. (Eigs. 108, 104.) 4’he liairs liave a beaded 
or nodular appearance and th(> d(‘posit may vary considerably in 
colour. Tlie disease may S])rt‘ad to tlie skin and cause' a s(‘ven‘ 
intertrigo. 

^licroscopically the lesions are shown to consist of a mass of 
polygonal cells, yellowish-gn^en to brown in colour, with a dedinit (* 
cell-wall. 44ie cells e)f a mycelial thre'ad art' st'parate'd from e)]ie; anotbe'r 
by thick lilack cell-walls bt'twt'e'ii which there* is little interce*llnlar 
substance*. 

Treatment. — Tin* atfe'cted hair shoulel be batht'el twict* daily with 
a lotion consisting of 1 dr. (,>f formalin to () o/. of rectili(*d sjtirit, 
reinforct'd ly 2 pe*r ci'iit. sul})bur ointmt'ut. The e tfi'ctt'd surrounding 
skin should Ix' rublx'd with inere'urial ointnie'iit. 


lY. SKIN DISEASES rAVSlvD BY ANLAIALS 

The CiiiooEif, ok Sandej.ea 

This insect, formerly confined to the tro])ical jearts e)f Anit'rica 
(30° N. to 30° S.) and to the West Inelies, a})peare'd on the Wi'st t'oast 
of Africa fe)r the first time abeait the yc'ar 1872. Since that date 
it has spread all over the tropical parts of that ce)ntinent, anel even 
to some of the adjacent islands — Madagascar, for example*. As a, 
cause of suffering, invaliding, and indire'ctly of de*ath, it is an inse*e*t 
of some importance. It is now e'xtremel}^ pre'vale'iit on the East 
Coast of Africa, and is causing a large* amount of invaliding among 
the Indian coolies there, by whom it has been introduceel into India. 
Further east it is feamd in Karachi, but in no e)the*r })art of India. 

The ehigger {Tun(ja jxtiefrarus) is not unlike 
the common flea (PnUx irriUnis) either in apjiear- 
ane‘e or, with one exception, in habit. It is somewhat 
smaller in size (1 min.), the head being pr**]*ortion- 
ately larger and the abdomen deejHT than in the 
latter inseiT. In colour it is red or reddish brown. 
Like the Ilea, its favourib* haunt is dry, sandy 
soil, the dust and ashes in badly k(‘})t native huts, 
the stables of cattle, poultry jiens, and the like. 
It greedily attacks all warm-blooded animals, in- 
cluding birds and man. Until impregnated, the 
female, like the male, is free, feeding interm itt/cntly 
as opjiortunity offers. 8o soon as she becomes 
impregnated she avails herself of the first warm-blooded animal she 
encounters to burrow diagonally into its skin, where, being well 



Fig. 105. — Chigger, im- 
pregnated female. X lu. 

{Blanchard.) 
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nourished by the blood, she proceeds to ovulation. By the end of 
this process her abdomen, in consequence of the growth of the eggs it 
contains, has attained th(‘ sizx* of a small pea. (Figs. 105, 106.) As seen 
in Fig. 106, the chiggf^ within the epidermis enters the stratum lucidum, 
which it invades and pushes })efore it. The epith(;lial layer becomes attenu- 
aU‘d. The parasite becomes anchored in the corium by means of chitinous 
cxcrescenc(‘s which stick out into the surrounding tissu(‘s. The first anterior 
and the t wo posterior si'gments ih) not parti ci])ate in the enlargement, the 
latter acting as a plug to the little hole made by the flea on entering the skin. 
When the t*ggs are mature th(‘y are expelled by strands of muscular fibres 
which int<'rs(‘ct the abdonKUi, and fall on the ground. According to Hicks, 
thfplarva hatches on the third or fourth day ; the first moult occurs on the 
fifth to eighth day and preparation for ])uj)ation on the sixth to seventeenth 
days, d'he larva })u pates at the* same* time, and the imago usually emerges 
about the seventeenth day. 



i iv^. 106. St'ction of female chij^^er in the stratum lucidum of the skin. 

( F iilh intrn , Arch, fur Schiffs-urd I'ruiiCHhyij.) 

(icurrir mifftc of the eh 'ujtjer. — Until recently known as Sarcopsylla West- 
wood, 1S40, or Derttuitofdnjlus Lucas, 1839, the sandflea, as Rothschild 
pointed out, should bear the gi-neric name of Tunga, as it was figured as 
T. penetrutos by Jarocki in 1838. It becomes, therefore, by the law of priority, 
Tiutgu q)ene trails. 

During her gt^stalion tlu‘ eliigger causes a consi(h*rable auiount 
of irritation. In consequence of this, }uis forms around her distended 
abdomen, whioli now raises the inflamed integument into a pea-like 
elevation. After thi' eggs are laid (according to some, before this 
pro(H‘Ss) the superjacent skin ulcerates and the chigger is expelled, 
lt‘avmg a small sore which may be inhuded by some pathogenic micro- 
orgaiiism, such as (he bacterium of phagedauia or of (t‘(anus, with 
grave (a)nse(pienc(‘s. (1^'ig. 107.) 

Jhdng nearest the ground, (lie feet an* (he [uirl. most commonly 
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infested by chiggers. The soles (Fig. 108), the skin between the toes, 
and that at the roots of the nails are favourite situations. Other 
parts of the body are by no means exempt ; the scrotum, the penis, 
the skin around the anus, the thighs, ajid everi the hands and face, 
are often attacked. Usually only one or two chiggers are found at 
a time ; occasionally they are present in hundreds, the little pits left 
after their extraction, or expulsion, being sometimes so closely set tliat 
parts of the surface may look like a honeycomb. 

Treatment. — In chigger regions tlie liouses, particularly the 
ground floors, must be frequently swe])t and the accumulation of dust 
and debris prevented . The housing of cat t le, pigs, and poultry demdUds 



Fig. 107. — Septic lesions of foot caused by chiggers. (Orig.) 


the same precautions. The floors should often l)e sprinkled with 
carbolic water, pyrethrum powder, or similar insecticide, and walking 
bare-footed must be avoided. Bathing must be practised daily, and 
any chiggers that may have fasteiuxl themselves on the skin at once 
removed. They may be killed by pricking them with a needle, or 
by the application of chloroform, turpentine, mercurial ointment, or 
similar means, after which they are expelled by ulceration. The best 
treatment, however, is not to wait for ulceration, })ut to enlarges the 
orifice of entrance with a sliarp, clean needle and neatly to enucleate 
the insect entire. Some native women, from long ])ractice, are experts 
at this little operation. Tlie part must be drc'ssed antiseptically and 
protected until healed. Europeans living in an endemic district 
should wear high boots. A daily inspection of the h^et, especially 
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ujultT iliu nails, is advisable. Should any black d(jt/ b(^ discovered, 
the chigger should ai once b(» removed. 

Prophylaxis. If avoidable, cam[)s should not be formed in 

c‘higg(^r"infested spot; or in the neighbourhood of native villages. 
The camping-ground should be swept or, if necessary, fired ; the 
floors of huts and I cuts may be sprayed with insecticides and naph- 
thaline', {Old native tobacco dusted inside boots or shoes. Balfour 



Fig. 108. — Chiggers in sole of foot. [Photo : Dr. C. TF. Daniels.) 

recommends that the feet be rubbed thoroughly with a mixture con- 
sisting of 5 drops of lysol, or liq. cresoli sap., in 1 oz. of vaseline. 
Special attention slioukl be paid to the interdigital clefts. Pigs should 
not bo kept in the vicinity of dw(‘lling-hous(‘s, as these animals are 
severely attacked by chiggers. 

A e A u 1 N K 1 ) K im A T o s 1 s 

Several forms of mites inhabiting sugar, grain, or copra may live 
as temporary parasites on the skin of man, and set up an intense 
irritation not unlike that produced by scabies. One of the most 
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familiar of these is “ grocer’s itch,” sot up by mites of the genus 
GhjcophaguSy which are common in raw sugar and cause an erythe- 
matous rash. Among the copra workers in Ceylon and the Pacific 
islands a similar skin affection is due to a Tyro(jhj})kus. ” Grain 
itch,” an urticarial and papular eruption of the exposed parts of the 



Fijj. 109. — Pcdiciiloides rcntricosas, x 80. {After Alrock.) 

A, Male ; U, adult female ; C, pro^'aiit female with brood-«ae. 


body, is caused by Pedicnloules venlnrosu.^ (Fig. 100, a, n, c) in those 
who handle grain, cotton-seeds, or beans. The jiresence of these 
mites gives rise to a severe pruritis. iTeventive treatiiK'nt consists 
in the application of beta-na})litbol ointment (fi-per-ceut.), and tlc' 
employment of dilute carlxdic acid to kill off the niit(‘S. 



Section VIIL— LOCAL DISEASES 


CHAPTER XL 

TROPICAL PYOMYOSITIS— RHINOSPORIDIOSIS— AINHUM— 
BIG HEEL— ONYALAI— CHIUFA 

1. TliOPlCAL PYOMYOSITIB 

Synonyms. — Myositi?^ Purulenta Tropica ; Tropical .Myositis ; “ 

'■ (Patton). 

Geographical distribution. — In 1912 H. H. Scott described this 
dis(‘ase in .laiiiaica. l)e(‘}) intramuscular abscesses were associaU'd with 
j)vrexia, and a strikinj^ feature was the hard swellings set up by enormous 
collections of sc'rous Huid. A small bacillus was isolated which he named 
B. s(‘rof(iri< ns. 

In tin* Hiinu* year Riilz found intramusculaT absc(‘sses very common in 
tljc ( ann'rooiis; and in Duala. in 1997-1908, out of 380 natives, 18 w^ere 
operated for intramuscular abscesses, and out of 80 Luropeans, b were thus 
treated. In natives absc(‘sses were multij)le , in iuiropeans usually singh , 
and they varied in size u]) to that of a hen's egg. He believed that these 
cases of purukuit myositis were really due to Loa loa infections. 

In 1913, W ise and Minnett in British Guiana described what was obviously 
the same condition, and they failed to find remains of adult filariae in the pus, 
though in s(“Vi‘n lilaria eudjryos wer(‘ discovered. Recurrence of abscesses 
in the same patiint was a feature of the disease. In most instances strepto- 
cocci were isolaU'd from the })us. 

Ziemann (1913) described an exactly similar form of intramuscular suppur- 
ation in Xew (biinea, and claims that already, in 1904, he recognized the 
disease as oik ' - su // (jeturis and distinct from filariasis. In 1917, E. L. Walker 
reported upon c*ases from Brazil. Commes in 1918 met with this disc'ase in 
Kjvnch W’est Africa, where it had pn'viously been noted by BouSfard. In 
1922, Laigret and Ledrou remarked upon the deep chocolate colour of the 
])us, resembling almost liver-pus in this respect, in French Equatorial Aifica. 
Tanon and Jamot (1920) found it common in the Cameroons during the War, 
when it was known as “ lanibo Jamhoy Summaries of our knowledge on 
this subject have been made by Appel (1921) from the German, and Connal 
(1930) from the British view -point, and Gibler (1922) gives further details 
of pyomyositis in Northern Australia and Papua, and James in the Solomon 
Islands. Van Steenis (1931) has recognized the same disease in Java. P. A. 
Buxton (1928) lias w ritten a very complete account of myositis as he observed 
it in 18a moa, and is convinced on octiological grounds that myositis is distinct 
from deep suppuration sometimes observed in filariasis. This acute myositis 
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is of considerable importance in Samoa, and was observed in Europeans, 
Samoans, half-castes, Chinese, and Melanesians. He found that pulmonary 
complications were not infrequent, the abscesses were invariably intra- 
muscular, and suppurative and non-suppurative lesions weiv common, while 
Staphylococcus aureus was the organism responsible. Grace and Gra(*e (1931) 
investigated an outbreak of this condition which amounted to an epidemic, 
in the island of St. Kitts. The outbreak affected more than 3(K) individuals, 
with a death-rate of 10 per lent. Some cases resembk‘d those of septicaunia. 
The infection was regardc'd by Tawan to be scH^ondary stre})tococ!eal and 
staphylococcal infection in lilaria-infectc-d subjects. Grace considered the 
causal organism to be a haunolytie strtqjtoeoecus that was jirestmt also in 
the throats of those attacked. 

The following types of the disease can now be distinguished : 

(а) Acute non-suppurative. 

(б) Acute su]:)purative. 

(r) Acute suppurative with ndapses. 

{d) Acute suppurative with inaemia. 

(e) Hy]>eraeute ending in septiciemia. 

Associated inject ions . — Pyomyositis is more apt to oec'ur in persons who 
arc debilitated as the result of some other longstanding infeeti(ni. In the, 
Editor’s experience this has been either ancylostomiasis, malaria, and, in a 
proportion of cases, s>’phi]is. In his series of cases the W'assermann reaction 
has been positive in 50 per cent. One of the chief aims of treatment should 
be the eradication of these concomitant infections, and vigorous antisyphilitic 
treatment with salvarsan and bismuth should be aj)plied. 

.^Etiology. — The attention of })ra(*titioners in the tropics has been 
drawn for some time past to the frequency and peculiaritit^s of dee[)ly- 
seated intramuscular abscessc^s in natives. It liad been assum(*d, 
apparently on insecure grounds, that tliis serious dis(‘ase, which oftiMi 
leads to death by metastatic })yieinic manifestations, was in fact a 
complication of Wuchereria bajwrojti infection, and this until recently 
was the Editor’s opinion, but now he is willing to admit that })yomyositis 
has no intimate relationship to filariasis and occurs as an independent 
condition, even in those countries where filarial disease dot‘S not exist. 
He has seen cases of the disease in Europeans, Chinese, Japanese, 
Indians, Negroes, and Pacific Islanders. 

Two forms of this disease ap})ear to exist. The one consisting of 
hard, indurated, painful, inflammatory swellings, situatoil defq) in 
the muscular tissue, which are caused by the coliectioii of serous 
fluid ; the other associated with wide and extensive suppuration. 
The organism concerned, in the Editor’s experienct;, has been Staphy- 
lococcus pyogenes aureus and albus^ and occasionally Streptococcus 
pyogenes. The Editor, in 1910 in Fiji, described eight cases of 
spontaneous, deep intramuscular abscesses in Fijians who were 
known to be infected with W. bancrqfii. Intramuscular abscesses of 
this description are apparently common in Fijians in the gastrocnemius 
muscle, in the popliteal space, in the adductor muscles in the groin, and 
in the substance of the serratus magnus and latissimus dorsi muscles. 



RHINOSPORIDIOSIS 


707 


But Sayers has successfully shown in the Solomon Islands that the 
majority of these deep-seated abscesses, even in such a country where 
filariasis is common, do not give a positive intradermal filaria test 
(Fairley). 

Diagnosis. — The diagnosis of pyomyositis should not present any 
great dilhciilty, hut it has to be differentiated from gummatous suppura- 
tion, filarial abscesses, glanders, melioidiosis, rheumatic nodules, and 
swellings. The possibility of confusion with plague, or even with 
trichinosis, may arise. 

Treatment. — The course of events is well illustrated in the case of a 
Furoi)ean from British Guiana who was treated in 1931. The illness lasted 
over one yc^ar and commenced in the form of external boils, mostly in the 
feet and arms. Soon febrile attacks, associated w ith stiffness of the muscles, 
which wen* tliought to be rheumatic in nature, appeared. Small hard 
ikkIuIi's w (‘re noted on the leg, thigh, pectoral and submaxillary regions. The 
stiffness of the legs was due to diffuse indurat(‘d swxdlings in the extensor 
muscles, which were due to infiltration wdth serous fluid. During the seven 
months Ik* was under the Editor’s care no less than fifteen inflammatory 
sw(*llings apjK'ared in various parts of the body, associated wuth stiffness, 
pain, and j)yrexia. The extensor muscles of the thigh moving the knee-joint 
w(*re tlu* seat of several large abscesses. The Wassermann reaction was 
strongly })ositive. There was a moderate leucocytosis of 15,(KX)- 19,000. 
From time to time inllammator}' ]:)eriosteal nodules apjx*ared wEich could 
be demonstrat<‘d by means of X-rays, and there was synovitis of both knee- 
joints. Eventually a large abscess api>eared in the right pectoralis major 
muscle w hich (‘vc'ntually led to partial necrosis of the eighth rib, w hich had 
to be r(*sect(‘d. 'Fhe organism responsible w^as found to be Staphylococcus 
(turcu.'<. The j)ati(*nt eventually recovered after eight surgical of)erations 
and prolonged antisy})hilitic treatment with bismuth and neosalvarsan. 
Gombined vaccine treatment w ith a vaccine of Staphylococcus pyogenes aureus 
was found to be fairly succ(‘ssful. Under modern conditions treatment with 
sul))hanilamid(‘ drugs, notably Uk'ron (Bayer) O o grm. tablets or 1-5-3 grm. 
daily foi- ten days, is indicated, and Earle has (1939) reported some cures 
with M. B. ()93 in Trinidad. 

1 I . IvIIlNOSlHJUlDKjSlS 

Definition. — A disease due to a yeast-hke organism, Jihinosporidium 
seeheri, which infects tlu^ mucous membrane of the nose, producing nasal 
})olypi and tumours on the cheek, the conjunctiva, lachrymal sac, and uvula. 

History. — IL seeheri was first described in Argentina (1896), and 
considered to be a protozoon allied to Coccidium. Subsequently it was found 
in nasal polypi by O’Kinealy in 1903, wdien the organism was described by 
Minchin and Fantham. Ashw'orth (1923) demonstrated that the organism 
is probably a yeast, or phycomycete. 

This parasite has now been recorded from India, Ceylon, Argentina, and 
the United States. 

iEtiology. — Rhinosporidium seeheri (Wernicke, 1903) is a spherical or 
oval non-motile organism which occurs in polypoid growdhs, usually lying 
between the connective-tissue cells. The earliest stages are about Q p in 
diaraetei’, with a chitinous envelope, vacuolated (*ytopIasm, and a vesicular 
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nucleus containing a karyosome (Fig. 110, a, b). When fully-grown, the 
cyst, or sporangium, may measure 0*25-3 mm. in diameter, but when half- 
grown the nucleus commences to divide by binary fission till thousands are 
produced, of which the majority become daughter-spores, though a consider- 
able proportion remain unchanged. The fully-formed sporangium (Fig. 1 10, 
finally bursts and discharges the s})ores, which are enclosed in chitino\is 
enveloj)es ; they then sprt'ad into the connective tissues via the lymph 
channels, and on th(‘ir r(‘aching suitabh' spots tlu‘ trophic stage at once begins 
and the cycle is repeated. 

Attempts at cultivation of the parasite hiivv ])rov(*d to be partially success- 
ful in Ashworth’s hands, and multiplication of the spon's took place, but 
very slowly, on'Sabouraud's medium. 



A X 400 B ^ 400 C X 180 


g. MO. — Rhi nosjHtridiv m sr(hrri, (Aflir Asinrorth : la/ jicnnissiati of Roy. Soc. 

of Ed in.) 

A, Trophic stages. H, Section of a stage witli «’.i nuclei, LO of wliicii lie in this section. C, Sporan- 
gium from wliich spores arc being discliarged, a<'coni})anied by mucoid substance, through u 
wide orilice. d’he first-spores to issue (ttiose near the opening) are followed by the ('entral spores. 
The peripheral spores lie in a fairly firm mucoid matrix. Strotciung of llie env<'loj)e, due to 
growth of the sporangium, has not only n'dueed its thiekness, but has almost caused the 
disapj)earance of the thickened .annulus round the pore. 

The mode of transmission of this parasite is iindelermined, but 
the occurrence of a closely related organism, IL eqni, in the nasal 
cavities of the horse is suggestive. 

Treatment consists in removing the jiolypi from the nares by 
means of a wire snare. Medical treatment would not appear to be 
indicated, although Wright has reported that the tumours disappear 
after intravenous injections of tartar emetic. 

111. Khinosclehoma 

Ehinoscleroma {Scleroma resjnratorrimi ; (Fig. Ill) is a well-marked 
disease in all its aspects, pathological or hacfd'riological. It has a 
world-wide distribution, hut at tlu^ preset day is much commoner in 
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tln5 Tropics than ulstnvherc. Rhinosclcruma takes the form of spon- 
taneous, painless, and exceedingly chronic, inflammatory growths 
occurring at any place in the respiratory passages from the nostrils to 
tlie hilum of the lung. Gross deformity of the nose or a narrowing or 
distortion of the respiratory passages results. Sometimes, too, 
perforation of the nasal septum is noted, and total destruction of the 
uvula. Th(‘ proc(*ss (*xtends along the respiratory passages with little 
cliangt* in lie* surrounding tissues ; on th<* wliole it tends to form 
nietastas(‘s with (^idargement of the neighbouring lym|)hatic glands, 



rig. III. Rhinoscleroma of two years’ duration in an Egyptian woman. 

(/>/-. 11. K. A SSI lit, Eqijpt.) 

hut, in spite of this, the general hcaltli and condition of the patient 
remains unaffected. 

Geographical distribution. — Itliinosclt^roma is sj)read over 
wid(dy distrihut(‘d rt^gions in sj)ecial nests, or foci, hut occurs all over 
the world. The most extensive region is in P]asl(Tn Europe, in Hungary, 
^^)land, th(^ Ukraine and th(‘ northern shores of tin* Black Sea and 
C'aspian. Other foci hav(^ ))(‘en noted at ToiJisk in Siberia, and in 
Turkestan, Ihmgal, Java and Sumatra, ct‘ntral and southern France, 
Morocco, Egypt, North America (in New England states), Cuba, 
Mexi(‘(), Panama, Golomhia, J^ra/ii, P<*ru, and Chii(‘. 

iEtioIogy. -The cause of rhinoscleroma, is undoubtedly the 
Bacteri)un rliiiiosclerofiiatis descrilasl l)v V. Frisch in 1882. It is 
closely relat(Hl to Bad. pneuffiouicp, and is usually Gram-negative. It 
is easily cultivated, and forms knob-like colonies on gelatin or agar, 
greyish in colour on the whol(‘, and li'ss conspicuous than B. pneumom^. 
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It usually coagulates milk, and it forms acid freely with lactose. In 
sections, it is found in hard fibrotic swellings in tlie nose, scattered 
throughout the mucosa and submucosa. It has so far been found 
impossible to reproduce the lesions by inoculation, either in man or in 
animals. In fact, it exhibits a very low order of pathogenicity for 
laboratory animals, with the exception of inice. 

It has to be differentiated from other encapsulated jineuniococcus- 
like organisms in the nost*. 

Pathology. — Pathologically rhinoscleroma is characteriz(*d by a 



Fig. 112. — Rhinoscleroma : Photomicrograph of tissue, showing Mikulicz 
cells and general histological picture. {l>r. 11. K. GriJUin.) 

peculiar form of plasma-cell iiihltration tyj)ili(‘d by great density and 
the presence in the tumour of gaps or “ fat-cells,” winch are found to 
consist of swollen cells with foamy cyto])lasm (” foam-cells ” or 
“ Mikulicz cells ”) (Fig. 112). Very frequently, also, hyaline-drop or 
Gram-positive ” Kusseil’s bodies,” which occur in all kinds of degenera- 
tive tissues, and arc probably derived from the ])lasma cells, are also 
present. The rhinoscleroma nodule is known as plasrnoma (IJnna) ; it 
never breaks down, but becomes progressively sclerosed. 

Treatment. — The treatment of rhinoscleroma is mainly surgical 
and is directed to plastic operations to removt^ tlio unsightly outgrowths 
from the nose and lips. 

Various other methods, the most important of which is X-ray 
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therapy, have been tried. The intravenous injection of tartar emetic, 
as in bilharziasis or ulcerating granuloma, has been advocated by some. 

It is a curious fact that complicating febrile 
diseases, such as erysipelas, typhoid or typhus 
fever, may cause the healing of rhinosclero- 
m a tons growths. This has led to a trial of 
inoculated malaria or protein-shock therapy, 
with encouraging results. 

1V^ Atnhum 

This is a diseases of a very peculiar character, 
affecting the toes, particularly the little toes, of 
negroes, East Indians, and other dark-skinned 
races, both in the Old and the N(nv World. The 
name, derived from the Xago dialect, means “ to 
saw or cut.” 

Symptoms. " The dis(^ase commences as a 
narrow groove in the akin, almost invariably on 
the inner and plantar side of the root of the little toe. It may occur in 
one foot onl}’, or in both feet simultaneously, or it may affect one foot 
after the other. Th(‘ groove, once, started, dee7)ens and extends gradually 
round the \\hol(‘ circumfenuice of the toe. As it deepens — it may be, 
though not necess<arily, with an amount of ulceration — the distal portion of 
tlu* menduT is a])t to swc'Il to a considtTable size, as if constricted by a 
ligature (Figs. 113, 114). There is little or no pain, although there may be 
inconv(‘ni(‘nce from the liability to injury to which the dangling and now 
(‘verted to(‘ is exposed. In the 
course of y(;ars the groove slowly 
deejMuis, and finally the t(K? drops 
off or is amputated. The groove 
may tdther correspond with a joint 
or may be formed over the con- 
tinuity of a ])halanx. In rare in- 
stances, afb’T the two distal 
phalanges have dro]iped off or 
been amputated, the disease recurs 
in the stump, and the proximal 
phalanx in its turn is thrown off. 

Of the other toes, the fourth is the 
one which is most frequently 
affecU*d ; very rarely is the third, 
or second, or great toe attacked. 

In the Army Medical Museum at 
Washington, U.8.A., there is a 
wax model representing a case of 
this or a similar affection, in 
which all the toes had been 
thrown off and the disease was making progress in the leg. 

Occasionally, the terminal phalanx of the fifth digit of the hand has 
been hmnd to be affected. 



Fig. IN. — Ainhum at its height. 

{Dr. A. B. Fiho.) 
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Ainhum is very rare in women or children, being most common in adult 
males. It runs its course in from one to ten or even more years. 

On section, it is found as a rule, though not invariably, that the panniculus 
adiposus of the affected toe is much hypertrophied, that the bout* is infiltrated 
with fatty matter, and that the other tissues are correspondingly dt'generaled. 
Sometimes the bone is tliinned, or even altogc'ther absorbed. At the seat 
of constriction a line of liypertrophy of the epithelial layers, and of atrophy 
of the j)a pillary layi'r of the skin, together with a band of fibrous tissiu*, 
more or less intimat<‘ly connected with tlu' derma, surrounds, in whole or in 
part, the narrow ])cdicle. 

Treatment. — It has been suggested that division of tlie constricting 
fibrous band would delay the evolution of the dis('ast‘. In the early stage 
this might be tried. When troublesome', the affected tm' should be ani])utated. 
It is said that the application of salicylic ointment th'lays the process in the* 
earlier stages of the disease (Moreira). 

V. Bio Heel, or Endemic HYPERTRoRiiv oe thk Os ('alcis 

Maclean described a peculiar form of enlargcMiumt of the os calcis which 
he observed at Kaziankor, Gold Coast, among Fantis and Kroos. The disease 
begins somewhat suddenly, being ju-cceded by fever, and attcndtal by ])ain 
and tenderness which reach their maximum in about a month, gradually 
diminishing during the succeeding one or two months. ( V)ncurrcnt]y with 
the pain a swelling of the external surfa(‘e of the os cal(*is, rarely of the other 
tarsal bones, makes its appearance. 

JMaxwell has reported a similar condition in natives of Formosa. As in 
Maclean’s cases, the patients were young adults from tw(*nty to twenty-five 
years of age. 

VI. Onyalai 

Under this title Massey and, later, Wellman (lOOI), originally described 
a peculiar disease occurring among the natives of Bortugues<‘ West Africa. 
Since then it has been recognized in East Africa, on the Congo, and in Xoi them 
Rhodesia, w here it is known as ‘‘ Chilopa,” or “ Akernbe,'’ (bleeding disease 
— Wallace). On the Congo it is known as “ Kafindo.” It is not usually s(*en 
outside Africa, though Preston Maxwell in 1901 described a sonu'w hat similar 
disease in the Fokien region of South China. It is characU‘riz(*d by the 
formation of a number of vesicles, disttmded with blood from ^ to J in. 
in diameter, on the hard palate and on the inside of the clu'cks. Some of 
the vesicles are umbilicated. They differ from ordinary blood blisters by th(‘ 
presence of numerous trabeculae and b\^ the semi-coagulation cf the conbmts 
which makes the vesicle difficult to empty. The urine, aj>paitmtly invariably, 
contains free blood. Numbness and pains in various parts of the body may 
be noted. There may be mental confusion and the j)arotids may be swollen 
and tender. Occasionally the disease is accompanied by fev(;r and, although 
Massey’s original case, with one exception, recovered within a wx'ck or ten 
days, the natives regard the disease with dread, owing to its reputation for 
deadliness. 

In Broken Hill, Northern Rhodesia, Wallace observed 15 cases annually. 
The majority of victims are young adults. The onset is sudden and the early 
symptoms are lassitude, general dullness, and suffusion of the conjunctive, 
with pyrexia, sometimes of 103-104^ F. There is tend(u ncsK over the parotids 
and vague pains. These arc soon suc(^(‘e«jed by widespread hemorrhages 
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into tliti Kkin and mucous membranes. In natives the cutaneous haemorrhages 
are most easily seen in the axilla. Bullae are then seen on the lips, buccal 
mucosa, tongue, and palaU‘, the last-named in particular. Epistaxis occurs 
in practically every case and subconjunctival haemorrhages are in evidence. 
Ble('ding occurs IVom tla; bowels as well as from the bladder. At autopsy 
Iwmorrliagic vc/sicU's arc* found in the serous membranes, the pleura, peri- 
toneum, and diaphragm. A common finding is hemorrhagic broncho- 
})neumonia. rsually then* are large retroperitoneal perirenal hemorrhages. 
Th(* disease* is believ(‘d to lx* non-infec^tious, and there are indications that 
it is familial, lilackie n‘[K>rts invol\a*mcnt of the c(*ntral nervous system in 
one of his cases. He considers that onyalai is an acute* form of essential 
throml)ocytop(*nia due to def(*ctive nutrition. 

The* diagnosis has to be made froen snake-bite, in which hemorrhagic 
symptoms may su})f*rv(‘n(*. 

Masst'y recomnK*nd(*d large* do.ses of bicarbonate of soda and cod-liver 
oil as the* best form of treatment. Jilackie fV)UiKi that the most efficient treat- 
ment was by blood transfusions and autohaunothc'rapy — by injection of 
18 c.c. of donor’s blood intramu.scularly into the buttocks or outer aspects 
of the* thighs. 

VII. ('iiirrA CiiiNKUMUi ” and “ Ivanyemba ”) 

This is a disease* resembling acute gangrenous rectitis described in the 
earlier editions e)f this manual, and which has been reported from South 
America, (dike's d(*scrib(‘a ca.s(*s he has had under his care in Northern 
Jthode'sia. It is found in the laiangwa and .Lus(*nfwa valleys at an altitude 
of 2,(M)() fee t. Its onse*t is sueiden anel it runs an acute; course*. The 

])rimary manife'station is stated to be a white, powdery condition which 
apjK*ars round the anus and giv(*s the appt‘arance of boracie- acid or flour ” ; 
in women it is state'd to cover the vulva as well. After a few^ days this dis- 
apjM'ars anel the ]»atient b(*comes acutely ill, with pains in back and nee^k 
finel a temperature* e>f 104 F. The anus becomes relaxe‘el and the rectum 
can be* see‘ii })rot rueiing, re*el anel angry with inflammation. Throbbing in 
the re'ctum is noted, though e'onstipation is the rule. The inflammation 
travels up the large inte'stine until the colon is involveel, when there may be 
eliarrheea and Aomiting. In \\e)men the* vagina may also be affected. 
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CHAPTEK XLI 

PARASITES OF THE CIRCULATORY SYSTEM: BILHARZIASIS 
(SCHISTOSOMIASIS) 

Definition. — A group of diseases caused by certain digenetic 
trematodes of the family BilharziadaR which inhabit the venous system 
of man in various tropical and subtropical countries. 

I. Genito-urinary Bilharziasis due to BiUiarda hcrmaiobia 

Synonyms. — Schistosomiasis ; Bilharziosis ; Bilharzia Disease ; 
Endemic Haematuria. 

Definition. — A chronic endemic disease produced by infection 
of the pelvic veins, particularly those of the bladder, and occasionally 
those of the rectum, by Bilharzia hcematohia, the eggs of which, being 
deposited in tlie mucous membrane, give rise to hannaturia and cystitis 
or other symptoms connected with the urinary organs, and occasionally, 
when deposited in the rectum, to muco-sanguineous dischargt^s from 
the bowel. The eggs of the parasite are dischargt'd in the urine and, 
in certain cases, i?i the faeces. 

History. — Hsematuria has been known to exist in Egypt since the earliest 
times, and the eggs of this parasite have been found in mummies by Buffer. 
Bilharz, in 1851, originally discovered the parasite, which was named BiUiay'zia 
by Cobbold in honour of its discoverer, but until recently it was considered 
that the generic term Schistosoma of Weinland had scientific priority. 

Geographical distribution. — The eggs of this parosite were 
identified by Harley in Natal in 1864, and since then the disease has 
been found in other parts of Africa, more particularly along the eastern 
side of the continent, as far south as Port Elizabeth, and it is common 
throughout the Union of South Africa, especially in Natal, hi Central 
Africa it occurs in the Northern Sudan, Uganda, the Congo, and 
Ehodesia ; it is met with in West Africa as well, especially in Liberia 
and Sierra Leone. In North Africa it is especially common in Morocco, 
Algeria, Tunis and Egypt. It also occurs in Arabia, ])arts of Palestine 
near Jaffa, Iran, Iraq, Cyprus, in the town of Tavira in Portugal, in 
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Mauritius, Reunion, and Madagascar. A few indigenous cases were 
reported, over thirty years ago, from Western Australia. (Map V.) 

Precise information about the ravages of bilharziasis in Egypt are now 
forthcoming. Scott, as the result of 40,000 examinations, found that in the 
northern and eastern edge of the Delta, reaching as far as Cairo, 60 per cent, 
of the inhabitants are infected with B. hcEnmUMa, and an equal number 
v\ith B. fnansoni ; in the apical southern half of the Delta, however, though 
still 60 per cent, are infecU‘d with B. fumnatobui, only one-tenth of that number 
have B. rnansoni. The line between the first and second areas is sharp and 
defined, and does not correspond to any noticeable topographic, hydrographic 
or demograj)hi(; variations. Moreover, there aj)pears to be no difference in 
th(‘ number of Planorbis snails in these two regions. In the northern two- 
thirds of that part of the Nile Valley between Cairo and Assiut, B. haimatobia 
infects 50 per cent, of the population, but B. rnansoni and the Planorbis 
snail are absent. In th(‘ southern third, where old basin irrigation — that is 
irrigation at flood Nile caily— takes the place of the n(;w perennial irrigation, 
/i. ha rnatobia alone is ])resent, but infects only 5 jkt cent, of the population. 
Ib'avy infection with B. Jurmatobia is associated with j)erennial irrigation 
f rom high-le vel canals, which takes the place of flood irrigation, with alternate 
flushing and drying of the irrigation c*aiials. In the district where 5 per cent, 
of the inhabitants arc* infected with B. hfrrnatobia, 1 ; KXX) die from this 
infecticai ; in the first-named district, the proporticjii rises to 1 : 22. 

iEtiology. Parasite.- Bilharzia harnatobia is a unisexual tremaU>de. 
The rnah me'asures 1-1-5 cm. in length by 1 mm. in breadth ; its cnlindrical 
appearance is ducj to the infolding of the two sides of the body to form a 
gynmcophoric canal. The female^ darker in colour, but 2-2*5 cm. in length, 
is j)artially enclosed in the gynaicophoric canal of the male. The parasites 
live in the blood of the ])ortal vein and its mesenteric branches, but numbers 
dwell also in the pubic, vesic?al, and uterine plexuses. The longevity of 
this parasite is phenomenal, as it can remain active and produce viable eggs 
for more; than thirty years. 

The eggs are oval, and are provided at one end with a definite spine, 
fhey measure 0*16 mm. in length by 0 06 mm. in breadth. Normally th(‘v 
arc voided in the urine, exceptionally in the faeces. It has been pointed out 
by Khalil that the hatching of the egg in water is due to osmotic pressure of 
the fluid ; a 0*75-per-eent. salt solution completely inhibits the process. 

Jjife-histury . — On coming into contact with water, the eggs hatch and 
give rise to an active, ciliated embryo or miracidiurn, which, as a rule, enters 
a fresh-water snail belonging, usually, to the genus Bnllitius ; in the liver 
and h(‘rma})hrodite gland of this mollusc it develops into sporocysts, and 
ev(‘ntually into active, bifid-tailed cercarise which, on es(;aping from the snail, 
r(*-(*nter man by burrowing through the skin. (For further details regarding 
the life-history of this parasite, see p. 904.) 

Pathology. — The character of the changes brought about by the bilharzia 
varies very much according to the degree and the duration of the infection. 
In almost every case the walls of the urinary bladder are early affected. 
All that may be apparent to the naked eye at this stage is a certain amount 
of injection of the small vessels of the mucosa vesicse, and certain exceedingly 
minute vesicular or papular elevations of the surface of this membrane. 
When these minute elevations are examined microscopically they are found 
to contain eggs even in the minute blood-vessels. Later, especially in the 
trigone of the bladder, there are present rounded patches of inflammatory 
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thickt'iiiug which project somewhat, are granular on the surface, and dense 
in consistence ; on section they creak under the knife as if they contain 
gritty particles. It is evident that these elevated, thickened patches an* 
the result of an inflammatory process provoked by the clusters of eggs whic li 
the microscope reveals scattered throughout their entire extent. The eggs 
are principally deposited in the submucosa, less extensively in the mucous 
membrane itself, still less abundantly in the muscular walls of the organ or 
in its subserous connective tissue. They tend to occur in groups, each o( 
M’hich is invest'd with a sort of connective- tissue capsule ; or they may b«‘ 
lying in small blood-vessels which they occlude. Some eggs are seen to 
have undergone calcification ; others are still fresh, either segmenting, or 
already containing a miracidium. On the surface of the rounded j)atches 



Fig. 115. — Section of biadder*walf, showing eggs of B. h<rm.atobia in tissues. 

already mentioned, phosphatic deposits, also containing eggs, are not un- 
common ; sometimes the patches present minute sloughs. (Fig. 115.) Ik^sides 
these indurated patches, various forms of polypoid excrescences- soin(‘times 
ulcerated — may protrude from the mucous surface into the cavity of the 
bladder. These various hyperplasiae frequently contain the adult parasite 
as well as eggs. Ferguson and others have described a ncKlular form ot 
bilharziasis, an affection of the subperitoneal surface of the bladder, which 
closely resembles tuberculosis. 

In addition to what may be designated the s|M3cific changes in the mucosa, 
the muscular coats of the bladder are generally hypc'rtrophied. In con^ 
sequence of this, as well as of the ingrowth of villosities and different forms 
of new growth, the capacity of the organ may be much diminished. Its 
mucous surface is generally coated with a sanguineous mucus containing 
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myriads of eggs. Gravel or small stones — generally phosphatic — are some- 
times found either embedded in lacunae in the hypertrophied and roughened 
bladder-wall, or free in the cavity. Not infrequently a similar hyperplasia 
occurs in the ureters, and particularly towards their low^er ends, even at an 
('arly stage of this disease. In rare instances the pelvis of the kidney itself 
is atfec‘t/(‘d. Obliteration of th(‘ under, both from small stones and from 
thickening of th(‘ mucous nKunbrane, has sometimes been met with ; this 
leads to dilatation of the pelvis and atrophy of the panuichyma of the kidney. 
It is easy to understand how, in time, these changes in the bladder and 
uretxus may give rise to hydronephrosis, pyelitis, absc(‘ss of the kidney, 
and similar S(‘(*ondary aff(‘ctions. Hyperplasia of the prostati* due to in- 
filtration with eggs is sometimes found. 

Hypcu'plasia from bilharzial inf(*station may also occur in the vesicula,* 
scminal(‘s. in the walls of the vagina, and in the ctuwix of the uterus, leading 
to corresj)onding bloody, egg- containing discharges. 

Iblharzia eggs in small numbers have been found in the liver, in gall- 
stones, in the heart, and in the kidneys. "Fhe occasional occurrence of eggs 
in the brain, sjiinal cord, and lungs has already been noted. Tumours of 
bilharzial origin liave sometimes been met with in connection with the 
}K‘riton(‘iim and liganuMits of the uterus. 

The eggs (‘an be convcmiently dt*monstrat(*d in tlu' tissues by digesting 
selected portions in ITp(U'-ccnt. potash solution. 

Symptoms. — Tlie syniptoin.s jirodiicod lyv B. hcematohia vary 
ill degnH3 within very widf3 limits. In the vast majority of cases 
the patient exjUTii'iicos no troubh' wliatever, in otlu-r instances the 
suffering is very great. Indirectly, from tiie serious nature of the 
lesions of the urinary organs to wliich it may give rise, this hilharzia 
is an occasional cavise of d(‘ath. 

1‘hirly toxic symptoms, such as pyrexia with mdicaria, have been 
noted, and may come on four wrecks after exposure to infection. The 
'invuhatiori period of dehnite organic disease, on the other hand, varies 
within wide limits from three months up to two and a half years. 

The most characteristic symptom of the presence of the parasite 
in the wall of the bladder is the passage of blood at the end of mic- 
turition, wdth or witliont a sense of urinary irritation. The quantity 
of blood jiassed and the degree of irritation are increased by exercise, 
by dietetic indiscretions, and b\^ all such causes as are calculated to 
induce or aggravate cystitis. As a rule, it is only the last few drops 
of urine that contain blood ; sometimes, however, the hiemorrhage 
is more extensive, and then the entire bulk of the urine may be blood- 
tinged. Occasionally, clots are passed. 

If, in a case of moderate infection, the urine be passed into a glass 
and held up to the light, minute fiocculi or coiled-up mucoid-looking 
threads wdll he seen lloatiiig about in the fluid. If it be allow^ed to 
stand, the fiocculi, and perhaps minute blood-clots, will subside to 
the bottom of the vessel ; those, on being taken up with a pipette and 
placed under the microscope, will be found to contain, besides blood- 
corpuscles and catarrhal products, large numbers of tlie characteristic 
s|)ined eggs. 
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In doubtful cases, where eggs are few, the best way to find them 
is to get the patient to empty the bladder and to catch in a watch- 
glass the last few drops of urine which can be forced out by straining ; 
these invariably contain eggs. A low power of the microscope sul’lices, 
and is best for diagnosis. 

Pain is by no means always a predominant feature ; when it occurs 
it generally assumes the form of a dull sense of oppression in the 
suprapubic region, deep-seated perineal pain, or scalding on mic- 
turition. Frequency of micturition is an early, and urgency a very 
common symptom, liectal symptoms, with passage of blood ami 
mucus, may coexist with the urinary symptoms, and a digital examina- 
tion may detect ulceration above the prostatic lobes. This localized 
lesion may be due to B. hcematobia alone, though it must be remembered 
that mixed infections of B. hcematobia and B. mansoni are very common, 
especially in the Nile Valley. Sometimes adult 
worms in copula are passed in the urine ; this 
generally occurs after a copious haemorrhage diu' 
to a ru])tured vessel. 

Endemic haematuria lasts for months or 
years. Spontaneous recovery is rarely com- 
plete. Li ordinary cases, provided no re- 
infection takes place, the; luematuria tends 
to decrease, although eggs may continue for 

116. -- Secti 0 n y^ars to be h)und in the last few drops of urine 
throusrh nucleus of i t i * 

urinary calculus con- Passed. In severe cases, sooner or later, signs 

taining eggs of B. of cystitis supervene and give rise to a great 
haimatohia. deal of suffering. Not infrequently the egg^' 

become the nuclei for stone, and symptoms of 
urinary calculus are superadded. (Fig. JIG.) Sometimes the patho- 
logical changes induced by the presence of the parasite in the bladder 
lead to the development of new growth, in which event the symptoms 
become more urgent and tlie haBinaturia perhaps excessive. Hyper- 
trophy, contraction, and even dilatation of the bladder are not un- 
usual. Besides the bladder symptoms there may be signs of 
prostatic disease, or of disease of the vesiculao serninales, causing 
spermatorrhoea. In the latter case, eggs may be detected in the 
semen. In other instances the ureters and kidneys become involved, 
resulting in ureteric dilatation and hydronephrosis, (idate XXV.) 
Secondary septic infection of the urinary tract with septic cystitis 
commonly supervenes. From the suffering attending these aggravated 
forms of infetion, the patients become anaemic, wasted, debilitated, 
and a ready prey to intercurrent disease. 

Milton pointed out the extreme frequency of urinary fistula in 
Egypt, the result of bilharzial disease of the urethra. These fistula3 
may occur anywhere in the neighbourhood of the genitals, but are 
especially common in tlie perineum and posterior surface of the 
scrotum, and originate from infiltiation by eggs of the pubic 
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Radioj^raphic appearances of ureteric and vesical 
calculi. Note outline of bladder; u, ureteric orifice; 
1, infiltrated folds of ureter; 2» calculi in ureter and 
in bladder; 3, papillomata and calculi. 
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RADIOGRAPH OF URINARY BILHARZIASIS. 
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tissue or roof of the urethra just m froiit of the bulb, the eggs of 
the parasite being deposited in the mucous 'or submucous tissue. 
Stricture of the urethra is by no means uncommon from a similar 
cause, especially in the case of fistulaB connected with the floor of the 
urethra. In the male, infiltration of the penile sheath may result in 
an elephantoid condition with chordee and actual obstruction to the 
urinary flow. (Eig. 117.) 

N. Makar has showji that bilharziasis of the cord and epididymis 
is by no means uncommon, and is determined by the anatomical 
peculiarities of tho anastomoses betweeji the mesenteric and internal 
spermatic veins, and, it may be, between the pelvic venous plexuses 
and dtderential veins. The tunica and testes themselves are rarely 
affected. The onset of this disease is 
vi'ry gradual, and it occurs in young 
adults, who ha\ e their attention drawn 
to the s\v(‘lhng. I’he cord may be 
nodular and covered with lentil-like 
bodies, it may be enveloped in a 
single big mass ; the term “ bilharzial 
rosary ” well describes the condition. 

Tlie employment of cytoscopy, sigmo- 
idosco])y, X-rays and complement- 
lixation tests may have to be em- 
])Ioved to arrive at a diagnosis, and to 
differentiate the lesions from similar 
ones due to filariasis, tuberculosis, 
sj'philis, etc. In massive infiltration, 
the testes may have to be removed ; 
in the early stages medical treatment 
is effective. 

The majority of infections of Bil- 
harzial disease of the spermatic cord 
are due to B. Jmviatohia, The follow- 
ing figures are given by Makar : Infection with B. hceinatohia 88 
p(T cent. ; with B. mamoni 27 per cent. ; mixed infection with B. 
mansoni and B. lueniatobia 85 per cent. 

Bilharziasis of the prostatic urethra and seminal vesicles also occurs 
and is characterized by haeinospermia. Makar has reported one case 
of primary bilharzial disease of the gall-bladder, giving rise to duodenal 
stasis. The interior of the viscus was studded with sandy patches as 
in the urinary bladder. 

Vaginitis and cervicitis have been produced by this parasite. 
Papillary growths and ulcers may be mistaken for carcinoma. On 
the vulva, pa])illomatous masses containing bilharzial eggs are, accord- 
ing to Madden, common. Similar excrescences about the anus and in 
the groin and perineum require microscopical examination to be 
distinguished from venereal warts. 



Fig. 117. — Urinary bilharziasis: 
pseudo-elephantiasis of penis, 
due to infiltration by ova. ( After 
Madden.) 
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Large numbers of eggs, as puiiited out by Turner, may be deposited 
ill the lungs, where they give rise to a form of interstitial pneumonia. 
According to Day, Shaw and (ihan*eb, signs and symptoms of Ayerza’s 
disease may bo simulated. They have been found also in tla* brain 
and spinal cord, thus accounting for (‘jiilt^ptic and jiaralytic symptoms 
from which the patients had suffered during lib', but such symptoms 
supervene only in hyperinfectod individuals. A case of bilharzial 
myelitis has been observed by Day and Kenawy with the customary 

symptoms. At auto})sy the eggs of B. 
luematohia were demonstrated in the 
lumbar enlargiunent of tlie cord. 

Chesteriimn recorded districts in the 
Congo where the eggs of what were thought 
to be B. luvimiiohid are found in tlu* fa‘ces 
only, and give rise to dys(‘nterie BynijaoniH 
closely resembling those ])roduced by />. 
tnansotii. The eggs thems(dves, in this 
instance, are longer and with more atUmu- 
ated extremities than are those usually 
found in the urine (,S€c A])pendix, ]). 908). 
Similar conditions arc* present in the Assiut 
district of Egypt, wlu'rt* only H. hddudlohin 
is pn*sent. (Fig. 118.) 

A. C. Fisher, at the instigation of 
Chesterman, has now brought forward a 
considerable amount of evidence* that this 
Congo disease is not due to B. /lamiatohia^ 
as was thought to be the (;ase, but to B. 
itiiercalata, a species which in its morjdio- 
logy is intermediate betwec'ii B, herwatohia 
and B. hovis, 1'he spindh*-shaped eggs 
strongly n'semble those of the latb'r spec'ies 
and also B. malthcei, with the terminal 
Fig. 118. — Bilharziasis of the spine well developed, and may attain a 
Congo with splenomegaly, length of 20 The inUrnuAiary host 

(6*. C. Chcskrmafi.) appears to be PhysopniH (tfricana. 

The syinptorns produc(^d by B. intercalaUi 
appear to be mild ; in Yakusu (Congo) it has been found that 50 per 
cent, of the school-children are infected ; apparently their he ilth is not 
seriously affected, but sometimes the .s[)l(*(*n and liver are enlarged. Dysen- 
teric symptoms and abdominal pain are the only outward signs of the 
disease complained of, and pulmonary manifestations (in contrast to B. 
hcerrmtobia lesions) are })ractically absent. None of the toxic manif(*sta- 
tions which usually accompany massive infeetif)ns with B. or B. 

japonica, have been noted. (Fig. 118.) The infectc^d bowel, as seen by 
sigmoidoscopic examination, has a granular appearance suggestive of sand- 
paper and there are petechial patches of minute size, but no j)olypi or 
ulcers. 

Bilharzial appendicitis, due to the accumulation of the eggs in the appendix, 
is also a clinical entity. Lovett Campbell, in noi thern Nigeria, found them 
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in 57 ])c*r cent, ot all appendiciiH removed at operation, and considers that 
this in1c(*tion may jiroduce symptoms requiring urgent surgical intervention. 
Harsmim, on the otliiT hand, says that it does not. cause or predispose to 
a pp<‘ndi( itis ol tlir ordinary inlhunmatory type. 

Diagnosis. -Tlio diagnosis of this distiase is nut difficult; the 
|)res(*nce of eggs in the urine is deci.sive. (Fig. 119). In countries like 
Fgypt, whf'ie tlu^ disease must often concur with chyluria, with stone, 
witli vesical tinnour, with gonorrhoeal cystitis, and with pyelitis, as well 
as with prostatic disease, can? must be exercised in each particular 



Fig. 1 19 .- Bilharzia ha^matobia eggs in urine, showing contained miracidia. 

{Dr. H. K. Orijfin, Assiut, Egypt.) 

case to separate the s])ecial factors to which the various symptoms are 
attributable. Thus, in chyluria concurring with bilharzial disease 
tliere will be chyle in the urine in addition to blood. Li such a com- 
])ination the clot which forms will be larger, will contain oil granules 
and glol>ul("S, and very probably microti lari a?, in addition to billiarzia 
eggs ; moreover, the microfilaria? wall generally be detectable in the 
tinger lilood if looked for at niglit. Stone in the bladder, when suspected, 
has to be searched for wdth the sound. In gonorrhceal cystitis the 
history of gonorrhoea will be forthcoming. In prostatic disease enlarge- 
ment of the prostate may be made out. Difficulty may sometimes 
arise when eggs are few' in number, or when they have ceased altogether 
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(<> couR* Hwav 111 fonsiijiU'iH't* of tlu* (loath tho pun^ut \vur/n>. ||,, 
luischiof wrought by the parasifi' reniiiins, although th«* oggs- iIk* 
most certain evidence of the [larasites ])revious }»n‘sence -may hr 
discharged no longer. But, even if eggs are vt rv irw, ihvy niny still 
he found in the last dro]) or two of urine pass(‘d. If they are no longer 
to be found in the urine, sometimes, by scratching tlit> surfa(‘t‘ of the 
bladder with a sound and examining the shreds of mucus so obfaitUMl, 
a fewg calcified it may be, but presenting th(' cliaracteristic spimv, 
may be seen with the microsco{)e. Further evidence may be obtained 
by the tests described below. 

ComjJfwent-deviatiov. — Fairley in 1917 deserihed a co]nf)lenu‘nt -devi- 
ation reaction by employing as antigen an extract of tlu* liv(‘rs of infcct(‘d 
snails (Planorbis hoissyi). The antigen is pre})ai-ed by macerating a niimt)er 
of livers containing cercariac oi' B. inaiisoni in absolute alcohol, filtering, and 
evaporating by means of a Sprengel’s pump. A saline extract is then made 
of the dried residue and the anti-complementary dose cstimaWd. Fla* gciun-al 
technique employed is the same as for the quantitative Wassermami reaction 
in syphilis. 

The reaction is apparently a group reaction, in so far that an antij^en 
prepared from cercaria; of B. 'mansoni will give positive n^sults with B. furtud- 
iobia serum in 89 per cent, of early eases ; further, Bett('neourt and Borg(‘s 
have stated that a similar reaction takes place with an antigen made from 
Fasciola hepatica. A positive result may he ohtaijied in early infections 
before the appearance of eggs in the dejecta. It is not so sjK‘citic in the later 
as in the earlier stages of the disease, and may he utilized as an ellieient 
check to treatment. 

Intradermal reaction, — Fairley has also described an intradermal 
test, similar to the Casoni reaction in hydatid. A saline extract of dried 
livers, 0-5 per cent., of Planorbis exmtus infected with B. spindaUs is ustd. 
The extract, having been rendered bacteria-free by passage through a filUu', 
is injected intradermaUy in a dose of 4 min. A positive reaction is charac- 
terized by an immediate wheal and a zone of erythema, and in from tiv(^ 
to eighteen hours there appears a delayed tyjK^ of reaction. The test is 
useful as a means of diagnosis in all forms of bilharziasis, but apparently 
jiersists for years after the patient has been cured. 

Cystoscopic examination . — In the early stages of tln^ localized 
disease (within two months of infection) the cystoscopo reveals sparse 
grey discrete elevations in the trigone around the uref ric orilicciS ; 
later, definite hauriorrhagic papules appear with surrounding inliam- 
rnation. Later still, characteristic “sandy patches,” resembling 
ridges of sea-sand, and papillomata can be distinguished. (Flate 
XXVI.) 

Prognosis. — An important element to be considered in venturing 
on a prognosis is the long life of the parasite. Another important 
element in prognosis is the degree of infection : the greatc'r the number 
of parasites, the more severe and the more extensive is the disease 
they produce. As with filarial infection, the greater the number of 
cases in a district, the greater the proportionate probability of severe 




Uilliarzial disease of the bladder before treatment, and one month after treatment 
with sodium antimony tartrate. The yellow nodules in Fig. 2 are the dead ova 
working their way through into the bladder cavity. They do not indicate active 

bilharzial disease. 

iHv hfinLssiou of lU'it. Joutn. Suriicry uml Dr. J. B. Chnstopherson.) 
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infections being met with. The prognosis is practically that of a 
clironic cystitis depending on a remediable, and not in itself fatal 
cause. .Much suffering may often be produced, and, as a consequence, 
anaunia and deljility. Possibly calculus may be formed ; possibly grave 
renal distiase may ensue ; possibly, (}V(intually, villous or epitheliomatous 
growths in the bladd<*r. In the milder degrees of infection, which 
fortunately are the commonest, the j)atient seems to be in no way 
inconvenienced by the parasite, and generally escapes all serious 
consequences. In any case, mild or severe, there may be attacks of 
hfematuria from time to time ; as a rule, the quantity of blood lost 
is insignificant. 


TrKA I’M KNT 

Preliminary statement. Antimoev was well known to the ancients 
us stih'nan, and was used hy women t«) heautify their eyebrcjws : it is what 
JezelH‘1 (‘nq)loycd w hen slu‘ painU*<l her face and tired her hair.” It is 
numtioned in the Klaus ])a])yrus, l.aOO r.(\, and is reeoinmendt‘d by Paracelsus 
( 14SO 1 .■')4 1 ). 'The ” I’arleiiKUit " of Paris in l.abb ])assed an enactment 
forbidding' its us(\ 

4'he oreanic antimony derivativ(‘s have a depressing (*ff’eet on the heart, 
circulation, and res])iration. Plu' systemic blood -pressure falls, while the 
])ulmonary pressure ris(\s. P(»st-mortem eases of antimony-peusonin^ and 
arsenic ]>oiHoninc art* wvy similar ; considerable (piaTitities of antimony are 
found in the liver and s})l('en. After toxic doses, fatt\ degeneration of liver, 
kidneys, and heart is pn'sent, with eong<‘slion of the dura mater and cerebral 
vess(‘ls. According to Khalil, antimony is slowly excreted, and has a 
cumulativt* action ; the ])rineipal organ of excretion is the kidney. The 
amount (‘xcretcal ir the ficees ranged from 2 3 to 4 t) per cent, of the amount 
injeet<*d, but the excn‘tion of the ptuita valent compounds in the urine is 
more ra])id than of the trivalent (*om})ounds. 4die reactions, which are much 
less marked with the pentavakmt than with the trivalent compounds, are 
cough, metallic taste, nausi'a, rheumatic muscular ])ains, vomiting, giddiness, 
colla})se, rise of t('mj>erat ui’e, and sometimes sud(h*n (h'ath. 

Phe successful treatment of bilharziasis by tin* intravenous injection of 
sodium-antimony tartrat<' is due to Phristopherson. His rt‘sults have been 
abundantly confirmed. Tin* drug apj)ears to act ujarn the adult trematode 
by eumulativi* action, and the n'.sults of treatment are judged by observation 
upon the eggs in the urine. From observations made by Dye, the adult 
stage of the parasite* is most n‘adilv aflfecteal by tartar emetic : cercariee 
and miiaeidia iin* less susceptible, w bile the eggs are* not affected to anything 
like* the same* ele*gre*e.^ Feu* this ]>urp(.)se the freshlv-})a.s.sed urinary eleposit 
is mingled elailv with about sixty tinu*s as much warm water at 1.30 F.. 

and the hatching of tla* e*ggs is e)bserve*d. lJnde*r normal e*onditie>ns this 
takes plae*e in abe)ut five* minute's, but after injections of antimony tartrate 
it is fbunel that sue-h e;ggs as a])pe*ar in the* urine are eiark anel shrivelled and 
ee)ntain eh'a-el miraeidia. Phristopherse>n, as already noted, believes this 

* C'hrisfce){)liorsoti eioos not agre^t wiili this statement, believing Lliat the olianges in tbe 
eggj are? pmeluesed l)y the direct eiction antimony, e|iiito apart fre)m any effoot of the* ehan<it> 
upon the generative organs of the female biihama. 
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(han^f t<» U* diit‘ io ihv t action of aiitimonv u|hhi thr (Fig. j >(n 
FairU'v, from c-xinTinumial wtudma on tho allicii li. ,spi,ul(tIiH of *th/‘ 
goat» iK'lifves that antimony acta in a sc'lt‘ctivc mann<T iifion the reproductive 
organs of the female bilhar/da, and thus causes first ly, the sfminken af»|M‘aniuce 
of the egg, and sei ondly, cessjition of egg-laying capacity. 

It should Ix' noted tliat living eggs left in too long contact witfi alkalirK* 
urine fail to hatch ; therefore all exptuinients should he |M‘rfbrmed with 
fivshly-voided urin(‘. 

I. Tartar emetic (Sodiuni antinionyi tartrat(‘). -Tlie intravenoiis 
injections are given on a]ternat(‘ days ov(t a pt'riod of four to six we(‘ks. 

It is usual to ])egin with gr. of tartar 
etnetie dissolved in 10 e.c. of fresiily-distilled 
and sterile watt*r, and gradually to increase 
th(' amount by gr. at a time till a maximum 
individual dose of *2 ‘2.1 gr. is reaciied. It is 
not always neeessarv to dilute to 10 c.e. : 
for amounts under 1 gr., b e.c. of distilled 
water are quitt‘ suOicitait. Ap])arenily. some 
of the toxic phenomena are avoided by dis- 
solving the salt in 5-per-ceid. glucose solution. 
Fare should be taken not to l)oil antimony 
tartrate* for any h'ligth of tinu* or subjc'ct it. 
to ste‘am pn‘ssun*. In itjjeeting large* nimd)e*rs 
of patients the steeek solution of tartar emetie 
is made uj) in a sterilized \'a(*eine bottle witlj 
a rubber ea]) in a strengtii of i gr. to 1 e.e. 
of distilled water : for use this is dilute'd 
with 5 c.(!. of wate*r. The solution sliould lx* 
drawn into a syringe of 10 e.e. eapaeity, and 
slowly injeeted into tlu* median basilic or 
cephalic vein. Tiie total amount injected 
to kill all the trematodes should lx* 25-80 gr. of tartar em(*tic. A rapid 
improvement in the condition of the* urine is soon obs(‘r\ cd : ge'iierally 
all traces of blood disappear after the injection of 15 gr. For childr(*n a 
total of 10 gr. appears to be sufficient, tlje maximum indi\ i(Imil dose for 
a child being 1 gr. The course, once commenced, should bt* persisted 
in ; cases almost invariably relapse if interruptions occur lasting a wf‘ek' 
or more. In Egypt (1925j the course consists of twelve* mje'ctieais 
given three times weekly till 22i gr. of the drug have }x*(‘n administered, 
and occupies four weeks. When a small anjount of dilueid. fluid is 
utilized, as suggested, only slight evidences of toxic absorption are 
noted, such as headache, cough, nausea and transit'nt rli(*umatic ])ains, 
especially in shoulder joints. 

Fairley has amply coiitirined the Bj)Ocitic action ot tartar emetic on 
adult bilharzias. In B. i'^pindalis infections of tlui goat, he has shown that 
tartar emetic in doses of 3-9 to 5-5 mg. ])er kilc», at daily intervals for a period 
of from sixteen to twenty-six days, is (capable of killing off the adult bilharzia 



fig. 120. -Fgg of Wl- 
iHtrzid h ir tn n t a h i (i , 

showing changes pro- 
duced in contained 
miracidium by antimony 
tartrate. (/>/*. ./«//// 

.4 ndcrson .) 
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parasites and eradicating the disease. The pentavalent eoiupuuiids of an- 
timony (Neostibosan, Neostarn, < tc.) do not seem to be so efficacious as the 
original tartar emetic. C’ompurative t<^sts have shown that Neostibosan is 
Ii Ks toxic than Neostam, but sometimes toxi<* skin-rashes are produced. 

II. Fouadin (Neoantimosan) (Bayer). — This is a trivalent 
compound, antimony pyrocatechin disulphoriate of sodium (containing 
Id per cent, of antimony), which has been introduced since ]929, 
especially for th(‘ treatnuuit of bilharziasis in Egypt. It is claimed 
t hat by this method a cure may be effected in nineteen days in place of 
the more prolonged tartar-emetic treatment. The drug is given 
infraniuscularhj in 7-per-cent, solution, and is put uj) in ampoules. 

The dosage is as follows : 

For an adult : 

1st dav 
2nd 
3rd 
oth 
7 th 
IHh 
JJth 
13th 
15th 

I’he total number of injections should b*' about ten to fifteen, 
totalling 0-4 grin, of antimony. Of the total quantity 50 per cent, is 
excnded in the urine and 4 per cent, in the f®ces. Late vomiting 
occurs in 2-5 per cent, of the cases. There is apparently no local 
reaction except, occasionally, spasms of coughing. The urine is 
examin(*d after the last injection, and if living eggs are still present 
further injections an* indicated. According to Khalil in 1930 some 
1,474 cases were treated with fouadin and a cure was obtained in 
97*6 ))er ci'iit., though it is generally held by others that the results of 
this treatna'iit arc* by no means so satisfactory as by the older methods. 

Orenstein stat(*s that fouadin should never be given intravenously, 
but should be administered intramuscularly on alternate days. In 
more than BOO school-children treated in this maimer no toxic 
symptoms w(*re observed. 

III. Emetine. —4'here is evidence that emetine also is toxic to the 
bilharzia (Biainantis and Krian). The injections should be given intra- 
inuHcularly to cliildr(*n wlio are intolerant of antiinony, or whose veins are 
too narrow for intravenous injections ; generally the treatment is commenced 
with 4‘g*'- closes, tlie maximum single dose for a child being I gr., while an 
aggregate total of 15-20 gr. may be given. Tsykalas, who has reported 
results in 3,H(K) cases, injects the drug intravenously in doses of 14 gr. daily 
the total course lasting 10-14 days, and 15-17 gr. (I- 12 gnu.) being given. 
Toxic ymptoms — diarrha*a, vomiting and neuritis — riv apt to ensue. In 
his laU'r communications Tsykalas claims that emetine is superior to every 
other specific. He now gives a total do.sage of 1-25 grm. intramuscularly or 


lo c.c. 
3-5 
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1 grm. intravenously. The biggest doses should be given at the coniniencement 
of the course and it should be given daily. The heart must be carefully 
watched and the size of the dose regulated by the body-weight. T\vo months 
should be permitted to elapse between treatments. 

Fairley stated that as a result of (experimental studies on B. spindaiis 
of the goat, emetine given intravenously, ten to fifteen injections varying 
between 0-7 and 1 mg. per kilo of body-weight, causes the rajiid death of tlie 
parasites, and is more etfu'acioiis than tartar emetic. 

IV. Anthiomaline is recommended by Moulinard as a better drug than 
emetine or tartar emetic. The daily dose is ()• 12 grm. and the total 1-38 grm. 
There an* no contraindications ; intramuscular inj(*(*tions ar(‘ not })a inful, 
and there is no evidenc(‘ of either l()(*al or general leactions. Thes(‘ lithium 
salts of antimony are also recominend(‘d by t'awston. Anthiomaline is very 
soluble and contains lb per cent, of antimony. It is sujiplied in ampoules 
containing 2 c.c. of a b-per-ctuit. solution or OOl grin of antimony. The 
(loses are ()-.5 c.c. for a child of twelve and 1*5 e.i*. for otluM’s. The maximuni 
dose for an adult is 4 c.c. It is b(‘st giv(‘n by the intravenous rout(\ 

V. Local applications. — Stone and troublesoiiu' new growths 
are to be removed by operation. A\’b(^n distress is extreme, ]\Iackie 
and others ba\ e bad good r(‘sults from jierineal cystotomy and drainage. 
Perineal fistula must be dealt with on ordinary surgical princijiles. 
Hyperjdasia in the vagina and cervix is liest treatiMl by S(^raping. 
If reinfection be avoided by the ex(^rcise of prudcaice in the matter of 
water, there is no need to send the patitait with tliis disease^ away from 
the country in which the parasite was acquired. 

Prophylaxis, — In the endemic districts, children, in particular, 
should be carefully and repeatedly warned, by school arul religious 
teachers, against drinking or bathing in rivers, ponds, and canals. 
(Fig. 121.) Sportsmen sliould bo warned against wading, especially 
wluai shooting snipe, in localities known to be infect(‘d ; (‘ven 
fishing in fresh-water canals in countries like Egypt is not free from 
risk. Swamps, when slightly brackish, are safe. Drinking-water 
should be boiled, and every care must be exercised to prevent the 
diffusion of the disease by prohibiting the evacuation of excreta into 
or near water, where the miracidia might find tlu^ opportunity of 
development and transmission. This prohibition shoidd not be 
restricted to patients exhibiting definite symptoms of tl.e disease, 
but extended to all, because, as special inquiries have sliown, a large 
proportion of the infected do not suffer from any troublesome symptom 
and are often unaware of their infection. Lei per pointed out that 
much might be accomplished by attacking the mollusc intermediary 
and the free cercaria. As regards the former, he suggested periodic 
drying of irrigation canals and the use of cliernical manures ; and 
as regards the latter, the use of cercariacides such as sulphate-of-soda 
tablets for drinking-water, and boiling, and lysol, creolin, or cresol 
(1 : 10,000) for bathing-water. Chlorine, in the strength (1 : 1,000,000) 
generally used in tropical countries to sterilize water, appears to have 
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DO elleci upon the living cercaria ; the addition of larger quantities 
renders it impotable. 

Witejiberg and Yofe have shown that cdilorine is really the only agent 



Fig. 121. — The intermediary hosts of B, hamatohia and B. vmnsoni {Plaiiorbis 
boissyi and Buliinus contortiis) in their natural surroundings. Nat. size. 
{J. K. Lund, del.) 


which can be depended upon to kill cereariaj, and that chloramine is the most 
effective form. Chlorine water, containing 2 grm. per litre, is prepared by 
introdueing gas(‘(nis ehlorine din'ctly into tlie water ; 2 grm. of ammonium 
chloride (NH^Cl) are then dissolved in ItK) c.c. of this chlorine water, and 
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the solution is left to stand for two hours at room temperature. Of this 
solution, 2-5 c.c. are dissolved in one litre of water. This forms the stock 
chloramine solution, which contains from 1-2 per million of active chloramine. 

AmiiKJiiium sulphate, under experimental conditions in weak 
solution, kills snails in a few hours. The free cercaria liv(‘s but a short 
time — at most forty-eight hours — in water, but a mollusc once inh'cted 
continues so for months. The free cercarise readily pass through the 
ordinary municipal filter-bed, for they can traverse 80 in. of fine sand 
in five hours ; but they perish, as has been stated, if tlaw do not get 
access to an appropriate host within forty-eiglit hours. Th(‘se facts 
should be taken into account by the sanitarian. 

The treatment of canal water in Egypt should be undertaken in 
the non-irrigating season — April to July ; then the canals are low 
and contain loss than half the normal volume of wate^r. Before treat- 
ment is commenced, the intake gate is shut and the water in the canal 
is reduced as low as is possible. Thus it is possible to calculate the 
amount of water. The length of the canal between each regulator 
and the width of the bed are known. The di'struction of the snails is 
effected by adding sizoliiB (1 : 20,000) to the water. This liquid is 
put up in 10-gallon drums. 

The difficulty about the efficient prophylaxis of this and other 
forms of bilharziasis lies in the habits of the snails concerned, which 
reappear in pools and water-courses directly the rains r(‘coinmence 
and after they have, to all appearances, been exterminated. Thus in 
Khalil states that in 1928 all Bullinus snails were completely 
exterminated in the isolated irrigation region of Wardun in the west 
of the Nile Delta, by mixing copper sulphate 1 : 200,000 in the entering 
water. A few months later Bullinus snails were })resent in large 
numbers, some being found on weeds caught by the pillars on a wooden 
bridge at the entrance of the canal. It therefore seems as if all the 
canals in the Delta were restocked from the Nile. That infected 
snails are found in the Nile itself, there appears to be little doubt, 
for 25 per cent, of the children who have never left Boda Island (which 
lies opposite Cairo) are infected with B. hmmatohia. in 1919 the 
Editor summed up the situation in Egypt as follows : 

“ During the spring months of the year the sluice gates are open 
and the Nile water is coursing through the canals of Lower Egypt, 
bearing with it large masses of fresh-water weed and other vegetation, 
and it is to these that most of the infected snails are to be found 
clinging.” 

An organized attempt is being made in Egypt, l)y educational 
means in schools, by pamphlets, and by diagrams, effectively to deal 
with the problem. The efforts of the sanitary authorities have received 
the backing of the religious authorities, but the difficulties are very 

> Manufactured by the Standard Diainfectant Co., 43, Gower .Street, W.C.l 
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great and progress must necessarily be slow. These remarks are 
applicable to niansoni as well as hcematohia infections. Under the 
direction of the Under-Secretary of State for Public Health in Egypt, 
there are fifty-six units engaged in anti-bilharzia work, prophylaxis 
being mostly upon the therapeutic basis. 

A novel suggestion for the practical prophylaxis of bilharziasis has been 
put forward by Archibald in the use of the fruit of Bakmites mgyptiacu. a 
tree which grows naturally in the irrigated areas of Africa, Arabia, Egypt, 
and Pal(*stin(\ Prophylactic measures suitable for one area are unsuitable 
for another, and the Arabs resent chemical treatment of their only potable 
water. In Bakin ties (rgypfiaca a suitable prophylactic tree has been found. 
It fruits j)roIificalIv for six months annually ; its date-like fruit is eaten, but 
the berri(‘s, kt'rnels, bark, roots and branches contain an active principle 
u'hich is deadlv' to molluscs, miracidia, cercaria?, tadpoles, and fish. For 
actual use the berry is advised : one weighing 5-2 grm. suffices to kill bilharzial 
molluscs when soaked in 30 litres of water. Thirty-five berries are added to 
a 4 J -gallons |)ctrol-tin of water and stood overnight. The next moniing 
the softened ])uly) is crushed in water and stood for twenty-four hours, and 
this suspension is added to a cubic metre of water. This suspension inay be 
obtaiiK'd naturally if there is a dense afforestation of the borders of canals 
and pools which harbour bilharzia snails. 

11. PiLifAiiziAsis DUK TO BUkarzia mansoni 

Definition.- A chronic endemic disease caused by Bilharzia 
niansoni, giving ris(* to dysenteric and other symptoms referable to 
the intestinal canal, and characterized by the eggs of the parasite 
in the fmces. In the early stages there may be general symi)toms, 
such as fever and urticaria, indicating absorption of the toxins ex- 
creted by th(‘ adult parasites. One of the visceral manifestations of 
this infection is P^gyptian splenomegaly, a common disease in Pjgypt 
and Northern N3msaland, which in many respects resembles kala-azar, 
especially the infantile variety. 

History and geographical distribution.— The occurrence of a bil- 
harzia producing lateral-spined eggs was noticed by Bilharz in 1851, but he 
confounded it with B. hcematohia ; subsequently several observers encountered 
female worms with lateral-spined eggs in utero, and the idea of a distinct 
species suggested itself to Sonsino and others ; but this idea was at once 
discarded for other hypotheses — for instance, that the jxiculiar position of 
the spine was due to distortion of the egg-shell in passing through the muscular 
coat of the rectum. 

Manson, in 1903, found numerous lateral-spined eggs in the faeces of a 
patient from Antigua who had never suffered from haematuria. The pecu- 
liarities of the case led him to think that the lateral-spined egg indicated a 
new sj)e(;ie8 of bilharzia. In 1907 Sambon, on comparing specimens of 
the ty}je characterized by lateral-spined egg with B, hcematohia and other 
bilharzias, and taking into consideration its peculiar geographical distribution 
and distinct pathogeny, proposed that it should be considered a distinct 
species — Bilharzia mansoni. He subsequently described many cases of 
lateral-spined bilharziasis from South America. Holcomb and da Silva first 
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described the peculiar anatomical distinctions of B, manmni, but the duality 
of s|)ecies was finally settled by Leiper in 1916. He proved that the miracidia, 
hatching from lateral-spined eggs, after developing in snails of the genus 
Planorhis^ developed into adults with constant morphological distinctions. 
Subsequently this was confirmed by Fairley and the Editor in Egypt, and 
by Lutz in Brazil. 

Possibly this bilharzia is originally a West African species, imported 
into the New World by African negroes. Its geographical distribution, as 
far as is known at the present day, extends from the Nile Valley throughout 
Central and West Africa, the West Indies, and South America ; most probably 
its range of distribution is limited by that of an appropriate intermediary 
host of the genus Planorhis. (Map V.) 

Epidemiology and endemiology. — 

A]}])a.rent\j Bilharzia mansoni requires slightly 
different conditions for its propagation than 
does B. hceniatobia , so that, though fre- 
quently found associated in Africa, yet tliere 
are areas in the Southern Sudan and in West 
Africa where B. mansoni infection is found 
and B. hcematobia not at all. Although bil- 
harziasis occurs in eleven out of fourteen 
provinces in the Sudan, B. hrernatobia is 
the common type in the north, and south 
of the Upper Nile Province intestinal bil- 
harziasis is the only type. (Map V.) 

Infection is acquired during the months 
of the year when water is sufficiently shallow 
to permit of a high concentration of cercarim. 
In the case of inland lakes the seasonal 
incidence is from October to the end of 
January, but in the Nile backwaters, the 
danger period is usually February to June. 

Etiology. — The parasite much resembles 
B. hcematobia. The distinguishing features 
are that it is generally smaller in size and 
more grossly tuberculated. There are other minor points (Fig. 122). 
Th(^ female deposits one or two eggs at a time — a circumstance pc^rhaps 
explicable by the peculiar structure of the uterus. The eggs are 
somewhat spindki-shaped, are provided with a lateral spiiu; (Plate 
XXXIII, 12, facing p. 1025) and are generally slightly shorter than 
those of B. luematohiay 0*15 mm. in length by 0-06 mm. in diameter. 
These eggs are passed out in the faeces, rarely in the urine, and hatcli 
out a ciliated iniracidium. {See also p. 909.) 

Pathology. — The eggs of B. mansoni may be found in great numbers 
in the liver, where they givti rise to a peculiar form of “ pipe-stem ” cirrhosis. 
Sandy patches, due to effete calcified eggs, cover largo areas of the intestinal 
surface, and may give rise to a(;utc choleraic diarrheea. Deposits of black 
pigment granules take place in the interstitial and secreting cells of the liver, 
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and have been shown t6 occur in both B. rnansoni and B. hcBmatobia 
infections, but to be commoner and more abundant in the former. It is 
^^olden brown or sepia in colour, and gives the same reactions as malarial 
pigment (haernozoin). The lymph-glands in the latter situation and in the 
i-etro-pcritoneal tissue are enlarged. There is generally an appreciable hyper- 
t lophy of the spleen, which ma\' jiossibl}^ be attributable to toxic absorption 
and gives rise to the clinical state knowm as Egyptian splenomegaly. 

'I'lie affections of the colon may be classified into four types those 
with simple thickening of the mucous membrane ; (h) thickening of the mucosa 
with ])apilloma -formation ; (c) p(‘ricolic tumours associated with papil- 
lomata : {(1) polypi of th(? ca‘cum which may kuid to intussusc(‘ption. 

Tlu‘ small inU*stine is hardly evcjr affected, excej)t in its low(‘r part. In 
th(‘ colon the (lis(‘as(* causes the formation of septic foci, and ulceration of 
tla^ bowel- wall appears to be produced by the tearing-off of ])edunculat<‘d 
papillomata by th(‘ [K'ristaltic actkai of the intestine. By this means, and 
hy sloughing ai th(‘ base, clear-cut ulcers are produced which may becf)me 
subse(|uently in feet (h 1 with Bniarnaha hislolytiai. Berforation of the bowel 
may occur. Fairk‘y and T.am})e have draw’ii attention to the similarity of the 
diss(‘mina1ed pericolic nodules to miliary tuberculosis and also to infiltration 
of th(‘ mesentei ic glands by bilharzia eggs resembling that disease. 

Shaw and (diaond) have emphasized the importancf' of pulmonary daniage 
as the cause of d(‘ath in />. rnansoni as well as in B. larmatobia infections, 
'fhe main damage is due to (‘inbolism by eggs deriv(‘(l fro?n female flukes 
outaid(i the lung. They an^ filtered out in the arterioles which accompany 
the bronchioles, producing diffuse arterial changes or Ayerza’s disease. 
I^arenchymatous tubercles an* found containing the characteristic eggs. In 
some 10 per cent, of cases, tin* adult worms have been found in the pulmonary 
arteries. 

\dscERAL jliLiiARZiAsis (duh TO /T ni(inso 7 ii) ; Hp^pato-jjenal 
Fib]{osis ; Egyptian Splenomegaly 

Splenomegaly associated with cirrhosis of the liver is common in 
all parts of l]})per and Lower Egypt, where 20 per cent, of infants under 
four years of age are found to have sjilenic enlargement and anaemia. 
It is common among the working class at all ages up to thirty ; in the 
young it is apt to run a severe course, Avhile at a later age the chronic 
form, progressing to ascites, is met with. In children the disease is 
generally associated with rickets : in adults, with ancylostomiasis. 
A similar disease has IxTai recorded by Dye from Northern Nyasaland 
in patients infected with JUlharzia fnausovi. Day came to the con- 
clusion that in Egypt this disease is a peculiar manifestation of B. 
niansoni infection. He regardigl it as distinct from Banti’s disease in 
that the h(*patic changes are noted from the commencement, while the 
eosino})hilia and recurrent levt*r disappear under specific treatment 
with tartar emetic. The hy{)erplasia of the spletui appears to be 
secondary to the hepatic cirrhosis, and to the pathological condition 
of this organ are to be ascribed the anaBinia and leucopenia which are 
found in advanced cases of the disease. The patients with advanced 
cirrhosis are just those who have few intestinal symptoms, and who 
pass scanty, or it may be, no eggs in the stools. Eggs of B. niansoni 



732 


BILHARZIASIS 


may be found on digestion of solid organs, such as the li\ er and spleen, 
with potash. 


Pathology of Egyptian splenomegaly.- Ferguson noted that the 
a\rerage weight of the spleen is 30 oz. ; it may reach 300 oz., and, according 
to Day, may contain a few eggs of B, mansoni. It is firm in consistence ; 
microscopically there is a general hyperplasia with active phagocytosis of 
the red cells by macrophages. 

Onsy states that the only certain method of finding eggs in these enlarged 
spleens is by macerating the tissues in 20-per-cent, soda solution and sub- 
sequent centrifugation. The eggs are phagocytosed by giant cells, a process 
accompanied by considerable eosinophilia. On the other hand, in order 
to account for the widespread nature of the visceral lesions and the paucity 



Fig. 123. — Rectal bilharziasts : 
adenomata prolapsed through 
anus. {After Madden.) 


of eggs, the view has been put forward 
by Girges and others that Egyptian 
splenomegaly is caused by infection by 
male parasites of Bilhnrzia rnanmmi, 
without the presence of tlie female ; 
but this view is not widely held. 

Abdel Shafi asserts that although 
the incidence of eggs in the liver is 
fairly high, yet other orizans and tis- 
sues show much heavier deposits of 
them, that an infection of the liver 
alone is unknown, and that the num- 
ber of eggs in the liver substanc(‘ is 
small in comparison to the extensive 
cirrhotic changes in that orga’h 

The liver is usually enlarged in the 
early stages, and presents the picture 
of early multilobular cirrhosis with 
isolated necrotic foci. In the more 
advanced stages the organ is shrunken 
and firmly fixed to the diaphragm 
by adhesions. There is a compara- 
tive absence of bile-duct formation. 


The bone-marrow shows no great dis- 
turbance of the ha^rnopoietic system. 


Symptoms of intestinal bilharziasis. — B. mansovi inhabits 
chiefly the branches of the portal vein in the liver, and the mesen- 
teric veins. Its eggs, deposited within the siibrnucoiis layoi of tlici 
rectum, give rise to dysenteric-like symptoms, commencing six to 
eight weeks after infection ; mucus with blood is passed from time 
to time, the egg-laden stools becoming frequent and their passage being 
perhaps attended with tenesmus. In certain well-established cases 
small (sometimes large) branching, soft growths are to be felt insider 
the sphincter ani. They resemble polypoid growths and are apt to he 
mistaken for piles. They may extend as high up the bowel as the 
sigmoid flexure. On tearing up one of these growths one can see the 
eggs in the debris. (Fig. 123.) 
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In mass infections, in early cases, toxic 
symptoms resembling those of katayama 
disease (p. 789) are noted, especially in 
Europeans. The general symptoms con- 
sist of a remittent pyrexia, with urticaria, 
marked abdominal pain, anorexia, rigors, 
and pulmonary symptoms. (Chart 26.) 
Pons states that cough is invariably present 
in early cases, and tenderness is found over 
the liver, sphnai, and intestines, Ix'ing 
(‘specially marked over the caecum. On 
abdominal examination of these dysent tri- 
form cases, there is frequently found a 
co-existing enlargement of the liver as 
well as of the spleen. A pronounced 
leucocytosis with a high eosinophilia (up 
to 76 p(‘r cent.) lias been reported. 

Later, localized symptoms with passage 
of dysenteric motions supervene. 

In the terminal stages of the disease 
large abdominal tumours may form, easily 
palpable, and actual intestinal stasis or 
distension may take place. Infiltration of 
the buttocks with eggs, leading to indura- 
tion and fistuke, is not uncommon. When 
the liver has become markedly cirrhotic, 
ascites may be present. Pneumonia from 
egg deposition in the lungs is an occasional 
complication. 

Sometimes the dysenteric attacks may 
develop into acute diarrhoea of a choleraic 
type, which may prove fatal. Deposition 
of th(‘ eggs of tlie parasite in the apjien- 
dix occurs comparatively commonly and 
produces symptoms of a subacute 
appendicitis. Generally the organ is much 
thickened and infiltrated so that it can 
easily be palpated. The diagnosis of 
Ijilharzial appendicitis from septic ap- 
pendicitis and that of amoebic origin 
becomes a trite question. 

Symptoms of the hepato-lienal 
form (Egyptian splenomegaly). — The 
symptoms of this condition, which has 
been L'rmed “ Egyptian splenomegaly,” 
appear \o be more objective than sub- 
jective. There are irregular feviT, wasting, 



Chart 26.— Four-hourly temperature chart of acute bilharziasis (B. jtirn>soni). {Lawlon.) 
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and a striking pallor. The spleen is obviously enlarged, hard, and 
firm, often reaching to the umbilicus (Fig. 124) ; the liver also in 
the early stages is enlarged. Vomiting and diarrhoea are frequent. 
In the later stages (edemas of varying d(^groe and purpuric rashes 
may ensue. The fever is generally irregular in type, intermittent, 
ancl not amenable to quinine. The splenic enlargement causes pain 
and discomfort, especially after meals, and on exertion gives rise to 
a dragging sensation, though the symptoms are caused by debility 

and aiuemia. As the disease pro- 
gress('s, so the })yrexia increas('S, 
till the steady enlargement of tin* 
liver and spleen caus(‘S the costal 
angle to expand. Hjcmatemesis 
often occurs, but jaundice is rare. 
The final stage is ush(*red in by 
cirrhotic chang(‘s in the liver, 
which becomes hard and linn, 
and shrinks within the costal 
margin. The spleen also h('Com(‘s 
tibrotic, hut does not proportion- 
ately decrease in sizt*. Tln^ ])a!n. 
which is du(‘ to ])('risplenitis and 
])erih(‘patic adh(‘sions, increases, 
whil(* voniithjg is a common 
teatun*. Finally, tla* jiatient suc- 
cumbs with all the syin|>tonis ot 
h(‘])atic cirrhosis, asciti^s, and 
emaciation. ])(‘ath is usually due 
to pulmonary (‘oinplications. 

Kenawy has described a con- 
tinuous v(‘nous hum wliich may 
be heard l)y the sti thoscopi^ o\ er 
the liver, and which la* considers 
is cliaracteristic. The hum he- 
comi^s loud(T during ins|)irat ion, 
and also in th(‘ standing ])osition. Subs(‘querit to s])len.‘ctoiny th(‘ 
sound disa.p])ears, and is pnibably due to the removal of some venous 
connnunication. Ihifortunately this sign is of no great assistance in 
differential diagnosis, for a similar phenomenon has b(‘en noted in other 
forms of cirrhosis, as w(dl as in Banti’s dis( 3 as(V 

The blood picture vari(3S at difTerent stagers of the dis(‘ase. In th(' 
early stages there is a distinct leucncytosis of 17,000, and myelocytes 
may be present ; later a progressive anaemia of the chlorotic typ(' 
becomes apparent, with a huicopenia of 3,000 and a mononuclVar 
increase of 10-17 per cent. 

Among the rare complications, throinb(^sis of lln* portal vdn and 
hepatic carcinoma liave been recorded. 



Fig. 124. — Egyptian splenomegaly. 

(After liic hards and Day ; by per- 
mission of “ Brit. Jovrv. Rvrgy) 
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The course of the disease is generally protracted : in older children 
and adults it may run twenty years or more. Ascites is always 
regarded as an unfavourabh^ syinptoin. Jn all its aspects this stage 
of the disease resembles the analogous billiarziasis japotiica. 

Diagnosis. — The characteristic eggs are easily found in the faeces 
under a low power of the microscope ; they may be very scanty, 
and it is necessary to examine three or more specimens before arriving 
at a negative diagnosis. (Fig. 125.) They are more easily found in 
solid than in fluid motions, especially in the outer portions of a scybalum. 
Quite a high proportion of cases are latent — that is to say, they do 



Fig. 125. Phoiomicro. of iniracidium of Bilharzia vmnsoni escaping from 
egg. X J,r)00. {Dr. A. J. Chalincm.) 

not present any of tlu^ more urgent symptoms. The Editor has found 
the examination of nmcus and scrapings from the rectal mucosa 
obtained through a proctoscojx^ or sigmoidoscope to be more reliable 
than a heces examination. Allen Scott also considers that the highest 
(‘fiiciency is obtained by means of rectal swabs. On examination of 
over 1,000 fiecal specimens by three different techniques and by a 
combination of them, viz., egg-counting by Stoll-Hausheer method, 
using 0*005 c.c. of faeces diluted in decinormal soda ; sedimentation in 
normal saline (constituting a concentrated egg-count), he found that 
the swab method gave the best results. In about 5 per cent, of cases 
:n Egypt the characteristic eggs may be found in lb(‘ urine as well as 
in the faeces. 
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111 this I’oriii of iiilliarzicisis the total sermii ])roteiiis do not vary 
much from normal, but the globulin and the globulimalburhin rates 
and the percentage of ougiobulin are increased, and they are still 
further increased in patients with splenoiiiegaly (Khalil and Hassan). 
The formaldehyde-test may, therefore, not always he reliable in 
differentiation from leishmaniasis. 

Fulleborn recommended the Telemann method of finding the eggs when 
scanty in the feces : the feces are shaken up with a mixture of concentrated 
hydrochloric acid 1 part, water 1 part, ether 2 parts, and strained through 
gauze ; the filtrate is centrifuged and examined. Th(i feces may be mixed 
with water and the eggs encouraged to hatch, when the miracidia are more 
easily detected (Appendix, p. 1031). 

The complement-deviation reaction is the same as in B. Juenid- 
tohia infections (p. 722). 

In rectal disease, should B. ynansoni be suspected, one of the 
adenomatous growths may be removed by moans of forceps and 
examined for eggs. 

Sigmoidoscopic examination may reveal a pedunculated adeno- 
papillornatous growth in the upper part of the rectum, but usually 
this is unnecessary, as the growth can be felt by digital examination 
and may be seen protruding in polypoid masses from th(‘ anus. In 
very early cases merely granular patches can be detected on the rectal 
mucosa from which eggs may be obtained by scraping with an instru- 
ment through the sigmoidoscope. The localized thickening of the 
large intestine, due to polypi and pericolic growths, can be palpated 
in heavily infected subjects through the abdominal wall. They are 
most often situated in the transverse and pelvic colon. 

The differential diagnosis of the hepato-lienal form has to be made 
from Banti’s disease and other forms of splenomegaly. It has Ixna] 
pointed out that a ready method is to hand in adnuialin, which on 
injection lessens the size of the spleen in the former disease. 

Treatment 

I. Antimony treatment. — Gross changes in the organs are more 
extensive than in B. hceynatohia infections, due partly to toxic ab- 
sorption and partly to deposition of eggs, and it is possible, as Madden 
and Day have reported from Egypt, for the adult worms to be killed 
by tartar-emetic treatment but for the effects of their presence to 
remain. Hence it may prove necessary to operate upon polypoid 
or adenomatous growths obstructing the intestinal lumen. In early 
cases antimony is as successful as it is in cases of B. hce7)iatohia. Lampe 
in Surinam treated out-patients with three injections of 3 c.c., 5 c.c. 
and 7-5 c.c. of a 1 -per-cent, solution of tartar emetic thrice weekly, 
with a total of 150-200 c.c., the whole course occupying six to seven 
weeks. Dye and others have tried rectal injections of tartar emetic 
as being especially applicable to small children, who can take 10 gr. 
by the rectum without toxic effects, but the amount of the drug ab- 
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sorbed by this method is unknown. Five to seven daily injections 
nre necessary. 

The Editor is dehnitely of the opinion that B. inansoni is more 
(liliicult to kill off than B. licetnaiobia, and requires larger doses of 
intravenous tartar emetic — up to a total of 50 gr. As in B, hcematobia 
infections, fouadin is extensively employed as an intramuscular 
injection, especially in Egypt, but it does not a})j)ear to be as efficacious. 
Khalil has r(‘ported tliat a few cases of sudden death have occurred. 
PVom Pjgyptian statistics in 1934, it is learned that the total number of 
bilharzia casrs which received nine or more injections of fouadin were 
1 ,98S : of th(‘se 58 per cent, were cured, 21 ])er cent, recjuired eleven 
injections, and the remainder required even more. Aft(‘r thirt(‘en 
injections, signs of drug intolerance were noted. {See p. 725.) 

Khalil considers that there are individual variations in the excretion 
of fouadin, idiosyncrasies to this drug being met witli. ^Jlie rate of 
renal excretion is most important, and the drug is, therefore, most 
easily tolerated by children. Any degree of kidney dajnage is a contra- 
indication to its use. Usually, after the fifth injection only dead eggs 
of B. niansoni can be found ir. the fa)ces. Kelapses art‘ recordcal in 
88 per cent, of cases. P'ouadin gives a positive cattadiol test in the 
urine — that is a green colour with ferric trichloride which changes to 
violet on adding sodium carbonaUe If the urine is not clear, it must 
be centrifuged. As in B. hwniatobia infections, cDilhiotf/aline injections 
are now being employed (j). 726). 

II. Emetine treatment. — Apparently emetine is as efficacious in this 
disease as it is in B. hccynatobia infections. The amount necessary, according 
to Maoiel, is about 0-6 grm. (9*2 gr.) in a series of ten injections. The initial 
two injections should be I gr. each, the remainder 1 gr. Emetine should be 
reserved for those patients who are intolerant of tartar emetic. 

III. Operative treatment. — Dolbey and Falimy held that the 
only rational method of obtaining a ))ermanent cure in cases with 
extensive disease of the rectum is to excise the whole tube of mucous 
membrane. Lengths of 12-15 in. can be removed with ease. A 
circular incision is made at the junction of skin and anal mucous 
membrane ; the extcTiial sphincter and levator ani attachment are 
separated by blunt dissection : when once the latter has been separated, 
the mucous tube may be loosened by the gloved finger and withdrawn 
until the upper limit of the papillomata is reached. Recovery is 
uneventful ; there is little tendency to retraction of tlie tube, and 
control of the anal sphincter is regained. This operation is unsuitable 
for very anaemic or debilitated patients. 

IV. Operative treatment for the hepato-lienal form. — 
According to Richards, in cases with ascites, palliative operative 
interference, su(*h as frequent tapping and the Tahna-Morrison operation 
(omentopexy), is permissible. In early cases, before the development 
of ascites, he performed splenectomy with success. Coleman, Bateman 
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and 8tiveii have since cuntirnied the value of this operation. Thr 
mortality-rate is about 15 per cent, and deaths are due to late shocb. 
Great care is still necessary in the selection and preparation of cases 
for operation. Ascites, pellagra, heart disease and debility an^ 
contraindications. A considerable leucocytosis should be considered 
a bar to operation, and it is necessary to differentiate the condition 
from leukaemia. An injection of pneumococcal vaccine should be 
given the night before the operation to prevent the development 
of this complication. In his recent account of 390 cases, Stiven states 
that five to six weeks’ treatment preliminary to operation is necessary. 
Preliminary treatment should consist of carbon tetrachloride to get 
rid of intestinal parasites and intravenous injections of neo-sal varsan 
for syphilis. The weight of the spleens removed by this surgeon 
averaged 3f lb. The favourable effects appear to be permanent, and 
ascites does not develop. Day claims tliat early cases are curable 
with tartar emetic. 

Stiven operates with spinal anaesthesia with stovaine, making an incision, 
varying in length with the size of the spleen, down the centre of the left 
rectus parallel with the middle line, and starting at the costal margin. Skin 
and rectal sheath only are divided by the knife, the rectus itself being 
separated into two equal parts by a sweeping action of the finger. The 
peritoneum being opened, in the absence of adhesions, the spleen can be 
delivered through the wound. The pedicle is clamped and the organ removed. 
The former is now transfixed with a long pedicle needle armed with black 
and white linen thread, linen being less aj)t to slip than the silk, and the 
difference in colour insuring recognition of the necessary interlocking. After 
operation patients are given nothing to drink for twelve hours and then 
strict diet for five days. Subsequently a purge is admmistered. Nourishing 
diet and iron and arsenic are given. Patients usually leave hospital after 
fifteen days. 

Prognosis. — This is the same as for B. iLcetnaiobia, but it must 
be remembered that the disease generally assumes a latent form, 
and that even large intestinal polypi may give rise to little or no 
inconvenience. 

Cases with papillomata of the rectum, dysenteric symptoms, 
tenesmus, and anaemia, and those with actual obstruction of the in- 
testinal canal and cirrhotic changes in the liver, must bo regarded 
as serious. 

Prophylaxis is the same as in B, hcevtatobia (p. 726). There 
appears to be a greater probability of contracting the disease in tlu^ 
neighbourhood of canals that are the favourite haunt of FlanorbiSy of 
which a high proportion (50 per cent, or more in some cases) are found 
to be infected with the cercariae of this trematode in Egypt. In northern 
Nigeria and in Kenya, however, cases of infection have been recorded 
from bathing in clear limpid pools containing no obvious aquatic 
vc'getation. 
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IlL Eastern Bilharziasis due to Billiarzia jaifonica. 
Synonym. — Katuyanm 1 )isc;ase. 

Definition. — A chronic endemic disease? of Eastern Asiatic 
c'onntries, caused ])y Bi(h-(trzia japonica, and (diaracterized by great 
enlargement of the liver and spleen and the develo])ment (jf ascites. 
The (‘ggs of tlje parasite are discharged in the fa?c(‘s. Initial toxic 
symj)toms, urticaria and pyrexia, are commonly ohserviul. 

History and geographical distribution.- For very many years an 
endemic disease eharacterized by splenomegaly, enlargement of the liver, 
ea(?h('xia, ascites, pyrexia, and dysenteric symptoms had b(‘en obstirved. In 
1888 Majima found eggs in a cirrhotic liver, and in 1904 Katsurada saw a 
miracidium (‘merge from similar eggs which he had found in fa*(?C8 ; later he 
discovered the adult trematode, B. japonim, in the portal veins of the cat. 
In that year Oitto noted similar parasites at the autopsy of a Chinaman in 
Singapore. The next addition to our knowledge was made by Katsurada, 
who sueee('d(?d in communi(?ating the parasite to cats by immersing their 
legs in the water of certain ponds reputed to convey the disease. In 1913 
Miyairi and Suzuki traced the parasite, through a snail common in the in- 
fected districts, back to the vertebrate host : an observation confirmed in 
the following y(*ar by Leix)er and Atkinson. 

So far, the {mrasite has bcien found principally in Chinese and Japanese, 
though a lew ICuropeans — mostly naval ollicers and s[)ortsraen, addicted to 
snipe-shooting in the rice-fields — have acquired (Ik* disease. Its present 
range, as far as is known, may be stated as follows : In China it occurs in 
(‘iidemic foci in the Yangtse basin, from Ichang, 3J0 miles above Hankow, 
to th(‘ s(‘a ; in the provinces of Hunan (Siang River) Hu|)eh, Anhwei, Kiangsu, 
and Kiangsi. An endemic centre has recently been reported from Shiuchow. 
on the North Kiver near Canton, and also from Foochow (Fukien). It has 
been iccorded on the Burmese border between "iTmiian and the Northern 
Shan Stat(‘s. In Japan it is especially prevalent in the jirovince of Hiroshima 
and in th(‘ village of Katayama. Kndemic foci also exist in Southern Formosa, 
and in th<‘ S nthern Philij)]iiiie Islands — Samar, Leyte, and Mindanao. 
(Map \".) In countries where it exists, dogs, cats, rats, and imported cattle 
are found naturally infected : native cows, on the other hand, apj)ear to 
b(? immune. 

^Etiology. — The intnwitv closely resembles B. funnafobia, though it is 
smaller and the inU'gument is smooth and non-tuberculated. In proportion, 
the acetabulum or ventral sucker is longer and stouter than in either B. 
hfvfnatobid or B. juansoni. The eggs, smooth and slightly ov'al, measure 
() ()8 mm. by O Ob mm., and pass through the intestines into the faeces. They 
])ossess a rudimentary lateral spine, and show' considerable variation in size, 
but in the uterus of the female bilharzia they are much smaller. {See j). 912.) 

The miracidium, after casting its cilia, develops in fresh-waU'r molluscs 
of the genus Oncomelanui^, Gn'dlcr, 1881, which has a wides^Ji'cad distribution 
in Jai)an and China ; jwobably all s})ecies of this genus are jiotential carriers 
of B. japoiricu. 

Pathology. — The outstanding feature is the great enlarg('nient of the 
liver and spleen. The former is hypertrophied and nodular, from the forma- 
tion and contraction of tibrous tissue ; on digesting with 3-j)cr-cent. potash 

* Tliero has been much confusion as to the correct nomenclature of thejso snails ; the 
reader is referred to Appendix, p. 914. 
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solution, it is found to contain many eggs. The great enlargement of tlu^ 
spleen, on the other hand, is probably due to absorption of toxins or, possibly, 
to back -pressure, as eggs are seldom found in this organ. As in other forms 
of bilharziasis, granules of black pigment are found in both viscera. The 
appendices epiploica? are greatly thickened and may be matted together ; 
the mesenteric and retroperitoneal lymph-glands are enlarged ; hypertroj)hy 
and thickening of the lower parts of the intestinal tract, with formation of 
ulcers and polypoid growths filled with eggs, are g(m(‘rally noted. "J'he 
bladder is unaffected. 

Occasionally, indurations of the pia mater and granulomatous h'sions of 
the cerebral cortex have been found, in which the eggs of the parasite are 
present in great numbers. The young forms of the j)arasite enter the general 
circulation through the veins and collect in the lungs, and ap[)arcntly enter 
the liver by traversing the mediastinum and the diaphragm. Inside the 
portal system they soon reach maturity. Infection of tlie foTus during 
intrauterine life is apparently possible. 

Symptoms. — The disease produced by B. japonica is a serious 
one and, when pronounced, sooner or later proves fatal. Tlie gravity 
of any given case will depend, amongst other things, on the degree 
of infection and the circumstances of the patient. Of 1,077 persons 
near Shushima, Japan, examined by Koiki, 42 were found infected. 
Of these 42, only 22 were not in good health. Penetration of the 
skin by the cercarim causes an intense pruritus, partly mechanical, 
and partly due to an irritating substance secreted by the larva). The 
erythema thus produced was formerly regarded by the Japanese as 
a skin disease, “ kahiire.” The same happens after infection with 
the cercarise of the other two human bilharzias — mansoni and 
B, hcematohia. 

The course of the disease can be divided into three stages. The 
first (Katayama disease) occurs shortly after infection and lasts about a 
month. It is associated with toxic symptoms — pyrexia, urticaria, 
abdominal pain, paroxysmal cough, a leucocytosis, and a high 
eosinophilia (60 per cent, or more). Dermatographia is common. 
The second stage is characterized by great emaciation and is accom- 
panied by dysenteric symptoms and enlargement of the liver and 
spleen. The third or final stage, when it does supervene, occurs from 
three to five years after infection. In this the liver and spl(‘on are 
cirrhotic and enlarged (hepato-lienal fibrosis). Ascites an(’ (edema 
of the extremities appear, with anaemia and exacerbations of the 
dysenteric symptoms (Fig. 126). The patient may die of exhaustion 
or of some terminal infection. Jacksonian fits, hemiplegia, and even 
total blindness owing to deposition of eggs in the cenlrnl cortex, and 
destruction of the visual centres, have been described. 

Diagnosis. — All cases of urticarial fever from the endemic districts 
should be watched for many months (especially if eosinophilia persists 
after the subsidence of tlie primary attack) and the stools examined 
for eggs of B. japonica. All cases of chronic intestinal disturbance, 
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utspucially ii iissuciated with eiilargeiiieiii ul liver and spleen, from the 
districts mentioned should be regarded as possible cases of bilharziasis, 
and the blood and stools should be examined. If the characteristic* 
eggs (P'ig. 127) are discover(*d tla* diagnosis is established. 


A corupleiricnt-deviatioii reaction, as in B. hanintohia, with antigen made 
i’roni cercaria*, may he employed ; and a similar reaction le&iilts with extracts 
from the bodies of the adult trernatodes 

when the serum of an artificially- infected ^ 


horse is employed (Suezasu, 1917). Accord- 
ing to Faust and Meleney, the aldehyde or 
serum -globulin test is strongly positive in 
many cases. 

It is said that ferments are given off 
by the body of the trernatode, one of 
which is allied to trypsin, and digests 
albumin in an alkaline medium. 

The disease in its ttTininal stage 
has to b(i differentiated from Banti’s 
disc^ase and froin kala-azar. Campbell 
states that most cases of Banti’s disease 
in the Far h^ast are in fact bilharziasis 
japonica. Louchs has suggested that a 
safe method of making a positive diag- 
nosis is by biopsy of the liver during 
the operation of splenectomy and the 
demonstration of the eggs, when they 
are not apparent in the heces. Tlu* 
differtaitial diagnosis has to be made 
also from dacksonian epilepsy and 
tumours of the brain, since d(*})osition 
of the eggs in the cerebral cortex may 
give rise to granulomata of considerable 
size. 

Treatment. — Antimony tartrate, 
given in the same doses and in the same 
manner as for B. Jmmatohia, appears to 
be equally efficacious in killing off the 
adult trernatodes. A total amount of 



Fig. 126. — Asiatic bilharziasis. 

{Photo : Dr. J. A. 

Thomson ; courtcsi/ of WelT 
come Bur. Sci. Res.) 


24 gr. or more is necessary. In two 

cases under the care of the Editor, Jacksonian fits disappeared after 
treatment. According to Faust and Meleney, 22-30 gr. of intra- 
venous tartar emetic over a period of eighteen to twenty days is 
usually curative. Kastein and others have reported that intra- 
muscular injections of fouadin as in B. liwviatohia infections up to 5 
c.c. doses are effective. 


Unfortunately, in China and Japan patients only apply for treat- 
ment when in the ^advanced stages of the disease; in these the 
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intestinal ulceration and the hepatic cirrhosis are generally so pro- 
nounced that this treatment is of little avail. 

As in Egyptiaji splenomegaly (p. 787) splent'ctojiiy has been eiii- 
pIoy(H], but so far with little success, the hepatic cirrhosis being usually 
too far advanced. It has b(‘en advocated by (’anipb(41 that, if th(^ 
blood-platelet count rises aft(‘r the delivery of the spleen during th(‘ 
operation, the splenic artery should be tied, and the spleen ndurned 
into the al)doniinal cavity. 



rig. 127. Eggs of B. jaitomca 
in faeces, x 25(1. (rfioloinirn) 
Dr. J. Bell.) 


Ejneline . — Probably injections of emetine 
hydrochloride are as efficacious as in th(‘ 
other bilharzia infections ; but it is necessary 
to remember that, as has been shown ex]K‘ri-, 
mentally in goats infected with Bilharzia 
.sfnmlali^ fatal verminous thrombosis of the 
pancreatic and portal veins, as the result of 
the j)resenee of dead parasites, may occur. 

Prophylaxis ~^\'ater reported to 
cause the disease should be boiled, or 
avoided, for drinking or bathing pur- 
poses. Sportsmen, if they must wa(h* 
in such waters, should wear long boots 
or waders. According to Narabayashi, 
linu^ in a solution of 1 : 1000 is the most 


(‘Conomical reagent for the extermination of the intermediary host 
(Onchoffielania), and kills the cercariie in thirty minutes. It is espi'cially 
recommended because of its value as a fertilizer. It is said that the eggs 


remain viable for ten days outside the body in a solid m()ti(m, and this 
factor should be recognized in formulating sanitary measur(‘s. Sjiecitic 
treatment in out-})atient clinics will help to eliminate carriers of the 
disease, whilst educational propaganda, especially in China, is all- 
important. The prophylaxis of this form of bilharziasis j)resents many 
difficulties, for the disease attacks domestic animals, especially dogs, as 
well as man. The snail vectors, moreover, live in almost inaccessible 


situations, but it has been shown by Rose that heavily inf('c(ed snails 
do not propagate as infection with cercaria* destroys tlu' gtaiital 


process(»s. 


CHAPTER XLII 


PARASITES OF THE LYMPHATIC SYSTEM AND CONNECTIVE 
TISSUES: FILARIASIS 

Definition. — Morbid conditions produced by certain nematode 
woniis, or lilaria% the adults of which, of both sexe>s, live in the 
lyniiihatics, connective tissues, or mesentery, producing live embryos 
or niicrotilaria% which find their way into the blood-stream, where 
they are capable of living for a considerable time without developing 
further. 

History. — In 1863 Demarquay found what is now known as the em- 
bryonic form-— microfilaria bancrofti (Fig. 128, 7) in hydrocele fluid, and 
in 1866 Wucherer discovered the same organism in chylous urine. In 1872 
li<3wis established the fact that the organism lives principally in the blood 
of man, and consecpiently named it Filaria sanguiim hominis. The adult 
was found in 1876 by Bancroft in Brisbane, and named Filaria bancrofti 
by Cobbolcl. 

Manson in 1878 made the important observation that the mosquito sub- 
served the parasite as intermediary host, and in 1880 described the remarkable 
phenomenon of filarial periodicity. 

Originally Manson pro]) 08 ed to call the embryonic form of Wucherer la 
bancrofti, in order to emphasize its nocturnal periodicity, Filaria nocturna, but, 
in accordance with th(; rul(;s governing zoological nomenclature, precedence 
must be given to Cobbold’s name for the adult form ; the embryonic form 
is therefore referred to in this manual as microfilaria bancrofti ; the other 
filaria) of the blood are named microfilaria loa (or mf. diurna) (Fig. 128, 2), 
microfilaria malayi (Fig. 128, J), microfilaria volvulus (Fig. 128, 4) micro- 
filaria ozznrdi (mf. demanjuayi) (Fig. 128, 6) and microfilaria perstans, the 
embryo of Acanthochcilonemu perstans (Fig. 128 5). Recently, Filaria 
bancrofti has, on zoological grounds, been renamed by systematists Wuchereria 
bancrofti. 

Pathological importance. — Only one of these parasites, so far 
as we know at present — appears to have important pathological bearings, 
viz. IP. bancrofti, which, in its adult stage, inhabits the lymphatics of 
man. There is abundajit reason to believe that IP. bancrofti is the 
cause of endemic chyluria, of various forms of lymphatic varix, and 
of other obscure tropical diseases, including tropical elephantiasis. 

The filarim less important from a pathological standpoint are 
dealt with in the Appendix (pp. 960-963). 
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I. FILARIASIS DUE TO WUCHERERIA BANCEOPTl 
(FILARIA BANCROFTI) 

Geographical distribution and prevalence. — Wurhereriu 
bancroJH occurs iiidif'cnoiisly in almost ovory tropical and subtropical 



y*. //. Mfinsun-Bahi 

Fig. 128. — Human microfilaria ; 1, Mf. bancrofli ; 2, Mf. loa; 3, Mf. malayi 
4, Mf. volvulus ; 5 , Mf, perstans ; 6, Mf. ozzardi. {Drmon to scale.) 


country, iroiu Chailoston in tlio United States and {Southern {Spain in 
Europe to Brisbane in Australia. It is extremely common in India 
and {South China, Samoa, an 1 many of tile Pacific islands, where fully 
60 per cent, of the inhabitants are affected. 
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If the individuals who exhibit the microfilaria in their blood be 
reckoned in addition to those who exhibit the pathological effects 
of filarial disease, but in whose blood the microfilaria is no longer to 
be found, the incidence of filarial disease in some of the Pacific islands 
is a very high one — as high as 80 per cent. The parasite is common 
in South America, the West Indies, West and Central Africa. (Map VI.) 

iEtiology. Parental forms. — The* ])arent tilariie {Wucliereria 
bancrofh) have bec'ii loiind many times. They are long, hair-like, 
transparent nematodes, 2-3 in. in length (Figs. 129, 130). The sexes 



Ffi;. 129.- Wuchereria bancrofti {enlarged), left, male; right, female. 
{Dr. M. Ot^tcrlein.) 


Fig. 130.— Wuchereria bancrofti {natural size), left, male ; right, female. 

liv’e togetlu'r, often inextricably coiled about each other. Sometimes 
they are enclosc'd, coiled up several in a bunch and tightly packed, in 
little cyst-like dilatations of the distal lymphatics (Maitland) ; some- 
times th(‘y lie more loosely in lymphatic varices ; sometimes they 
inhabit th(^ larger lymphatic trunks between the glands, the lymphatic 
glands th(‘ms(dv(\s, and, probably not infrequently, the thoracic duct. 

Tlio female worui is almost twice the length of the male, and considerably 
broad(T. The fully -mature and fecundated female filaria giv^es birth during 
her lifc^tinu? to an unending stream of living embryos, or microfilaria', which 
emerge from tla* vaginal orifice. (For further details see Appendix p. 949.) 

The life-spans of W . bancrofti and its microfilaria have not been deter- 
mined. From the fact that the microfilarise have been found in the blood 
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lotm lifter the ()/>;K.rlniiity o( ilii'ccficli ija« /msned. it in to /«■ , 

the adults iwiy lire for iimiiy yean*. The emhrro lilaritv HoiiietimeH 
completely from the eirciilation within a few iiours of thv death of the fmivnt 
worms during an attack of lymphangitis. 

As shown by Wise and the Editor, the mature worm is eretified after its 
death, and may be found in this condition in the lymphatic! vessels and glands, 
sometimes in large numbers (Fig. 131), and it has been found by the Editor 
originally later by O’Connor and Elsbaeh, that th(‘ adult filariie, whetheu’ 
alive or dead, cause occlusion of the lym])h vc'sst'ls and tluTcby contribute' 
towards the gcuieral lymf)h stasis. 

According to O’C'Onnor the microfilaria' are dc'stroycd in the substance' 
of the lymphatic glands and are responsible to some extent for the pathological 
changes found in these structures. He has shown that they are broken up 
in the lymph-node sinuses, and that this is the common method of destruction 
of foreign substances in lymph-glands has been demonstrated by Indian-ink 
injection methods by Hrinker, Wislieki and Field. ^ 

The microfilaria}. — When present in large numbers in the blood -stream, 
microfilariae may be recognized in w^et film jireparations ; but, when the 
parasites are scanty, for the examination of a large number of persons it is 
often necessary to examine a considerable cpiantity of blood (20 c.mm.) in 
thick-drop prejiarations, dried and then dehsemoglobinized. When seen 
in fresh .blood the embr^^o filaria is a snake-like organism which, without 
materially changing its position, wriggles about very actively. 

When dead and stained, the embryo is seen to hi* enclosi'd in a 
sheath (Fig. 132). On measurement, it is found to he a little under 
0-3 mm. in length, in breadth about the diami'tor of a red blood - 
corpuscle. At the anterior extremity of the hying microhlaria can 
be seen a minute spicule, which is shot out and as rapidly r(‘tract 0 d, 
and it is thought by some that the head is sheathed by a serrated 
“ prepuce.” In a fresh blood preparation the spicule can lie seen 
disturbing cells at some distance away. (Fig. 133.) The utility of 
this mechanism is not known. ^lanson, who obsiTved a similar 
mechanism in other microfilariae, including those of liirds, suggested 
that they subserved a necessary function in periodicity — the micro- 
filariae being enabled to affix themselv(‘S to the Avails of file capillariis 
by these means, thus laiabling them to maintain their station in tlu* 
blood-stream during the hours of daylight. 

Brug and Eodenwaldt have described in the Dutch Fast Indies 
a new microfilaria {Filaria malayi) Avhich has a wide rangi* in Malaya, 
Ceylon, India, Dutch East Indies, Indo-China^ and South China 
(Fig. 128, j). Development takes place in a number of jiiosquitoes of 
the genera M ansonioides and Anoyheles. 

Filarial periodicity . — A singular feature in the life of the micro- 
filaria is what is known as ” filarial periodicity.” 

If, under normal conditions of health and habif, the blood be 


’ McMullen (1937) ha.s clc.scribed a cane in an Indian, infee.ted with IV. bancrofti, in whom 
the inicrofilarite were d(‘tected by means of the slit lamp, in the anterior cdiamlx'r of the eye. 
No visible eye lesions were present. [See p. 787.) 
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Tijr. I3I. Calcified ]V ncheri^rid hancrojti lying in and 
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examined during the day, the microlilaria is rarel}^ seen, or, if it bo 
seen, only one or two specimens at most are eiicoimtered in a slide. 
But towards evening they begin to appear in gradually increasing 
numbers. The swarm goes on increasing until about midnight, at 
which time it is no unusual thing to tind as many as three hundrt'd, 
or even six hundred in every drop of blood : so that it has l)e(‘n 



Fig. 133.- -Structure of head end of microfilaria perstans (a, h) and 
of microfilaria bancrofti (c, rf). 

calculated that as many as forty or fifty millions are simultaneously 
circulating in the blood-vessels. After midnight the numbers begin 
gradually to decrease ; by eight or nine o’clock in the morning the 
microfilariaB have disappeared from the peripheral blood for the day. 
This nocturnal periodicity, under normal conditions, is maintained 
with the utmost regularity for years. Should, however, as IMackenzie 

-V -ft 30 



Chart 27.— Filariasis {W. hai crofti, microfilaria nocturna), showing 
nocturnal peiiodicify. (Orig.) 

has shown, a filarial subject be made to sleep during the day and 
remain awake at night, after a period of three to four days the perio- 
dicity is reversed ; that is to say, the parasites come into the blood 
during the day and disappear from it during the night. It cannot 
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1)0 the sleeping state, as some have conjectured, that brings about 
this periodicity ; for the ingres*^ of the microfilariae into the peripheral 
blood commences three or four hours before the usual time for sleep, 
and the egress several hours before sleep is concluded, and this egress 
is not complete until several hours after the usual time of waking. 
Tliis night swarming of the embryos of W. bancrojii in the peripheral 
circulation is apparently an adaptation correlated to the life-habits of 
its liberating agent, the mosquito Culex jatigans, its usual inter- 
mediary host. (Chart 27.) 

Many years ago Manson had an opportunity of ascertaining that 



Fig. 134. Section of lung showing inicrofilarife in blood-vessels. 

( Ph otom icro : Ur. S /> Uta . ) 

(luring their diurnal temporary absence from the perijiheral circulation 
the microtilari® rthire principally to the larger arteries and to the 
lungs, where, during the day, they may be found in enormous numbers. 

Ill lung sections (Fig. 134) the microfilarise lie outstretched or variously 
coiled in the vessels, large and small. In the heart-muscle they are found in 
the capillaries between the fibres ; in the kidneys they seem especially to 
affect the Malpighian tufts ; a very few are also found in the capillaries of 
the brain ; vast numbers are present in smears from the inner surface of the 
carotid arteries. Preparations afford no explanation as to how the micro- 
filariae contrive to maintain their position in the blood-current, or as to the 
forces determining their peculiar distribution. 

Subsequent observations have shown that, though microfiJariaB can b(^ 
demonstrated in the capillaries of the liver and spleen in small numbers, 
the capillaries of the lung and kidney (Anderson) appi'ar to bo the favourite 
liabitat of the embryos of IF. hnneroftiy and of other species which do not 
exhibit this extraordinary nocturnal periodieit 3 ^ Thus, the non-j)eriodic 
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PaciSc mioroSlaria (see below) has a/so been found in fireiitest Hbunditnt e in 
these situations. 

Low, together with the Editor and Walters, has siiown tiiat, though 
the })criodicitv eiirvc' is absolvitA‘Iy iiocturnal, yet embryos may be present in 
small numbers in the peripheral blood in the daytime. The evening rise 
of the embryo filariie is much more gradual than the matutinal fall, and th(‘ 
maximum migration of embryos occurs at 2 a.m. A fall occurs, however, 
immediately the waking state is entered upon. The numlx^r of microfilariie 
in an infected patient remains remarkably constant : Low and t}u‘ fklitor 
observed the }>eriodicity curve in one case for a jieriod of twelve years. 

Various theories liave been advanced by Fiilleborn and others to account 
for this singular phenomenon, though none are (‘ntiridy satisfa/dory. Yorki* 
and Blacklock think that obstruction to the jiassage of microhlari/e through 
the cutaneous vessels is at a minimum at the end of the period of bodil\' 
activity, and that the periodicity is primarily d(‘pendent u])on the variations 
in the actual supply of microfilariie to the cutaneous vessels. But how 
account for the diurnal periodicity of microfilaria loa in eircaimstances w hich 
are exactly the reverse, or for the non -periodicity of tlie Pacific' form of 
IT. hancrofti ? 

Clayton Lane believes that periodicity (ran best be* explained by a process 
of periodic cyclical parturition on the part of the female filaria, with a dail\ 
destruction of all the embryos, and this hypothesis has r(*ceived some support 
from the observation of O’Connor. He has found that the uterus of the 
female adult filaria removed at operation empties its (ronUmts of microfilaria' 
so that they should be present in the blood during the hours of night. The 
life-span of the individual microfilaria in the blood-stream has not be(‘n 
accrurately ascertaiiu'd but it is c('rtainly longer than 24 hours ; on a slich' 
at 4 C. they have been kept alive for six weeks by the Editor in Ifild, and 
later by Bao. Jvubo has actually shown that in J)irojU<u'i(i innnitis tlierc' is 
also a seasonal variation, and that in ('hina the maximal mmib(*rs of micro- 
filariae an* found in the circulation during the hot w(‘ath(*r at tlie end of August 
and bt'ginning of Septi'inber : the mininud numbers in Xovemlx'r and 
December. 

.Joyeux and 8autet have found that this microfilaria actually grows in 
length on favourable artificial media outside the body. 

In the case of the dog heart- worm, Dirofllarm hrrnufi.s, strong evidence 
has been now adduced by Hinman, Faust and dc Bakey (1934) that the 
periodicity phenomenon cannot be exjilained on the basis of cylical })arturition. 
By transfusing heavy parasitized blood into an unaffected dog, using 140 c.c. 
of blood, containing 27,475 microfilaria), after jirevious removal of an equal 
amount of blood, it w^as estimated that 9,0(X) microfilaria) ptr c.c. would 
appear in the circulation of the recipient, but actually only S per cent, did so. 
The microfilaria count of the donor w'as remarkably reduced for six days, 
but returned to its original level in two weeks. Active microfilaria) were 
found in the recipient’s blood for ten weeks. Definite nocturnal [leriodic 
variations has been observed in the microfilariai of Dirofibtrid hrmiitis, and 
also in the analogous species in the American crow' (p. 95(M- 

Non-periodic microfilaria hancrofti . — Formerly it was thought that noc- 
turnal periodicity was uniformly observed by the microfilaria of IT. hancrofti 
at all times and in every country. Many years ago 'J’liorpe remarked that 
in 4’ongo and Fiji the mi/ rofilaria could be found oftf'u in great abundance 
in th(‘ blood during the daytiiiK*, but, strang# to say, it has been ascertained 
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I lull t ill- miurotilMria’ of nuighboiiriti^ jslaials in the narnuly, t ho 

Solomons, some parts of Kvw (ininra and of the I^ismarck ArchijMda^^o — arc 
lor thu most part, tlmuLdi not ontircly, periodic. 

d'hu Julitor dmnonstTafod tlial tho mirrotilaria* of Indian immiLpants who 
have acfjuirud t}j(‘ir tilarial infoutions in India rotain their [leruxlie habits 
during at liaist tliree yiaus of n‘sidenee in Fiji, but that if an Indian or a 
Solomon Islandi'r aiajuins the infeetion in kiji the microfilaricX* are non- 
[leriodie in habit. 

As an explanation of tliis strikint; anomaly, it lias been sug^^ested that 
tb(^ non-periodic; microfilaria is the progeny of a parent worm specifically 
distinct from IT. haverofti ; but Leiper failed to find any anatomi(*al diffcu’ence 
b(‘tween the; Fijian worm and the IF. ba?i- 
nojti of India, ('hina, and Soutli Am<*rica, 
but it may yet be jiroved that the non- 
pcTiodic variety is a sejiarate biolo;^ical 
species which jiroduces certain distinct 
pathological ])eculiarities. Fiilkdiorn and 
the Editor, after minute study and corn- 
])arison of the histology of the miciofilaria* 
from thos(‘ countric^s, find that the\’ are 
identical in every resjiect. It may bt‘, as 
the Editor suggest(‘d, that the non-periodic 
habit of the Eacific microfilaria is a partial 
adajitation to the day -ha bit of the usual 
interm(‘diary of the ])arasite in Fiji and 
othcT Pacific islands - Ao/cs rarir(f<ttu,s {Sfrtf- 
ornyin ysvuduHrutvlhtris) (Plate VII 1,‘ 1). 

'Fhese obscu’vations have; been abundantly 
confirmed by O’C'onnor, who has estab- 
lished the signilicant fact that the range of 
th(‘ non-})eriodic filaria is ccK'xUmsive with 
that of its intermediary host, A/v/c.s' nin’r- 
(jatus, in the Pacific. 

The tnosquito (he. Infenncdiary host of IF. 

(jftncrofd.— vShould the females of certain 
species of moscpiiUA {Culex faiigans- t'jjr. 

A'dies variegatiis) which have fed on the 
blood of a filaria-infected person be 
examined immediately after feeding, the blood contained in the stomach 
will be found to harbour large numbers of living microfilaria3, while a few’ 
hours afterwards it will be seen that many of them are actively engaged 
in endeavouring to escape from their sheaths. The change in the viscosity 
of the blood seems to prompt them to endeavour to effect their escape. 
After a time the majority succeed in effecting a breach and in wriggling 
themsidves free from the sheaths which had hitherto enclosed them (Fig. 
135 ). This process can be induced by chilling wet blood preparations on 
ice and then allowing them to thaw at room- tempera ture. The micro- 
filaria? now, having become free, move about from place to place. At a 
somewhat later period it w ill be observed that after discarding their sheaths, 
they have quitted the stomach and entered the thoracic muscles of the 

* P’or a coiaplete list of npeoiea which may serve as intermediary Iiosta, see Appendix, p. 95d. 

-In (’hina, f’e/ex pipiens {see p. 9r).*i). 



135. Microfilaria^ casting 
their sheaths. 
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mosquito, where they may be seen moving languidly. To detect this, one 
should dissect the insects in normal saline solution, for if distilled water is 
used, the larval worms break up by osmosis. In the thorax of the insect 
the parasite enters on a metamorphosis which takes from ten to twenty 
days (according to atmospheric temperature) to complete, eventuating in 
the formation of a mouth, of an alimentary canal, and of a peculiar trilobed 
caudal end, as well as in a relatively enormous increase in size (to ^ in.) 
and activity. During this period the larva sheds its cuticle (eedysis) twice. 
The larval lilaria; now leave tlie thorax, and the majority pass forwards by 
the prothorax and neck, and, entering the head, coil themselves up close to 



Fig. 136. — W. bancrnjii in head and proboscis of mosquito. {0. C. Low.) 

a, o, a, Kilaria' ; 6, labium ; f, labruni : rf, base of liypophai^’iix ; p, duct of veiieiio-salivurv 
f^land ; /, /, cepluilic {jaui'lia; f/, 7, eye ; //, lesophatju.s ; /, liharyuyoul muscle. 

the base of the proboscis beneath the pharynx and cephalic ganglia, though 
a few find their way into the abdomen, and even into the legs. Low first 
showed that the filaria, in its future jfrogress, enters the ju’oboscis, where, 
as pointed out by Grassi, its exact position is the interior of the ])roboS' 
cis-sheath (labium) (Fig. 136). 

The parasites remain in the proboscis, awaiting an opportunity to enter 
a warm-blooded vertebrate host, when the mosquito next proceeds to feed. 
This they appear to do by penetrating the thin membrane that unites the 
labella to the tip of the proboscis -sheath, and so pass on to the surface of 
the skin, which they jjcnetrate in the neighbourhood of the pun(;turc made 
by the mosquito. As pointed out by Annctt and Dutton, there is a weak 
point in the chitinous skeleton of the labium just where the labella are joined 
on, and it is at this spot that the parasites escape. Sometimes the larval 
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tilaria, in its progress through the thorax, becomes arrested and dies ; 
the d<duiK:t worm then appears to become enclosed, like a mummy, in 
a case of chitiri inside the mosquito’s body, resulting in the curious 
structure represented in Fig. 137. For further zoological stmlies, see 
Aj)pendix p. 951. 

Mechanism of blood suction in mosquitoes. —FiiWeborn concluded that 
blood-sucking in mosquitoes is a reflex action. The fluid is aspirated by 
the initiatory gulp-like working of the inscict’s sucking pump, and when 
the mouth cavity is full of fluid, the spasmodic action of the pump becomes 
converted into a more or less con- 
tinuous flow until the abdomen is 
fully distended. This has been 
confirmed by Macgregor. 

These observations prove that, 
like the malaria parasite, the filaria 
is introduced into its human host 137. ChitinUed filaria in thorax 

through the agency of a mosquito- mosquito, 

bite. Once introduced into the 

human body, the filaria finds its way into the lymphatics and glands. 
Arrived in one of these, it attains sexual maturity ; possibly, though no 
exact data are available, after a xicriod of six months or more fecundation 
is effected, and in due course new generations of embryo filariae (micro- 
filari.'c) are jioured into the lymph. These, x)assing through the gland — 
if such should intervene — by way of the thoracic duct and left subclavian 
vt‘in, or by the lymjihaties of the uf)j>er jmrt of the body, finally enter 
the circulation. 

Epidemiology and endemiology. — Li most countries in which 
filariasis is common it appears to be tlie rule that the incidence of 
inflection is greatest in the male sex, though, in Britisli Guiana, Daniels 
and Conyers re})orted twice as many females infected as males. This 
exception to the general rule x>rt>bably finds an explanation in the 
habits of the natives. The Editor’s statistics from Fiji show that of 
1,820 peo})le of Fijian blood, 30*4 per cent, of males and 23-9 j^er cent, 
of females were filariated. The incidence is greatest in both sexes 
after the twentieth year ; comparatively more females than males 
are infected below the age of ten. The youngest infected subject is 
one recorded by Anderson and his colleagues in British Guiana — a child 
of 14 months. The rate of filariation varies considerably in different 
islands of the Pacific, and even in different districts of the same island, 
and is in direct proportion to the incidence of elephantiasis and other 
filarial diseases. In an investigation conducted in 1912 in Ceylon the 
Editor found that, whereas 26 per cent, of the adults of some of the 
villages were infected, in neighbouring ones the inhabitants were quite 
free from the parasite and its associated diseases. 

Pathology. The filaria not generally pathogenic . — In most cases 
of filarial infection the parasite exercises no manifest injurious influence 
whatever. In a certain proportion of instances, however, there can 
be no doubt that it does have a very prejudicial effect, and this mainly 
by obstructing lymphatics. The healthy, fully-formed inicrofilarieB — 
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that 18 to say, the embryonic tilariaB which, by means of the microscope, 
we see in the blood — are, so far as we can telJ, particularly harmless. 

Filarial disease originatmg in injury of lymplialic systems. — lloughl}' 
speaking, the tilaria causes two types of disease : one characterized 
by varicosity of lymphatics, the other by more or loss solid oedema. 
The exact way in which the parasite operates has not been definitely 
and absolutely ascertained for all types of lilarial disease. Ai)j)arently, 
in some instances a single worm, or a bunch of worms, may plug the 
thoracic duct, and act as an embolus or originate a thrombus ; or, 
the worm may give rise to inflammatory tliickening of the walls of 



Fijj. 138. -Section of a fibrosed lymphatic ^land. {(Jraj.) 

A, J’ortioiu? of a calcified IT. haucrofti ; U, parlially occluded lymphat it; ve>;,scl. 


this vessel, and so lead to obstruction from the e()nse(juent stenosis or 
thrombosis. In other instances the minor lynijibatic trunks and the 
glands may be similarly occluded, (higs. 138, 139.) 

The Editor’s work in Fiji has shown that the fiffereni lymphatic 
glands situated at some considerable distance from tlie actual seat 
of the filaria worms, for instance, the lumliar glands, undergo 
considerable changes, such as fibrosis, focal necrosis, and giant-cell 
formation. These changes may be due partly to tlie destruction of 
microfilariaB within the gland substance, or to toxins actually excreted 
by the adult worms. It is known from the work of O'Connor that 
some of the rnicrofilariai undergo calcification in this situation, and that, 
moreover, they cause endothelial proliferative outgrowths in th(^ luiiKm 
of the lymphatic channels. 
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Serological and intradermal tests in filariasis. -These tests 
have been introduced by Fairley and indejxindontly by Taliaferro and 
Hoffman. Thf^ antigen is made from DirofiUiria inunitis of the dog, which 
is washed and dried, it Ixdng estimated that 1 grin, of this substance contains 
2/)(l-3(H) worms. Alcoholic is more jiotcnt tlian is saline extract of the 
antigmi. .\ positive comyilcmfmt-deviatifm test is given with most cases of 



luR. 139. Section of a thickened brachial lymphatic containing portions of dead 
/llarhe undergoing disintegration and blocking the lumen of the vessel. Note 
the large amount of fibrosis. 


11. hancrofti filariasis ; but the reaction is a group one and appears to be 
more reliable in L. loa infections than in IF. Ixincrofti and is also positive in 
Onchonrea volvulus. Lloyd and Chandra have obtained the most reliable 
results w ith ;in antigim diu ived from tlu* aectone-irisoluble lipoids of /). invmitis 
in tlie j)ro(!ess us(‘d l)y llonlet and Huelons for syphilitic antigen. 

'rh(‘ intradermal tc'st is based on the same immunological principles as 
ai(' oth('r tests of this naturi'. Fairley uses 0-25 c.c. of a 01-p<’‘r cent, extract 
as antigen. An immediaie (30 min.) and delayed reaction are obtained ; the 
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latter may become indirect after a period of forty-eight hours. A wheal over 
2 cm. in diameter is regarded as positive. 

Technique. Preparation of antigen for complement-devuition test , — 
A technique similar to that described for bilharzia cercarial antigen is em- 
ployed, 0-5 grin, of the dried powdered Dirofdaria immitis being extracted 
with 50 c.c. of 98-per-cent, alcohol for 24 hours at *^1"^ C. Well shaken by 
hand several times during this period, it is filtered througli Whatman No. 1 
and a Buchner filter. The filtrate is subseipiently concentrated by bubbling 
air through the solution kept at a temperature of 40 C. by immersion in a 
water-bath till turbid ; this turbidity is then removed by adding 8 c.c. of 

fresh alcohol, making the total volume 
25 c.c. The resulting extract is then 
stored in the ice-chest in dark ampoules 
of 1 c.c. capacity. The technique of put- 
ting up the test is similar to the standard 
advocated for the serological diagnosis 
of bilharziasis. 

Preparation of antigen for intraderwal 
test . — Fifty c.c. of a l-|X‘r-cent .saline 
extract of dried jiowdered antigen is in- 
cubated for tv o hours at 37 ' C., being 
well shaken by hand from time to time. 
Subsequently it is pa.ss(‘d through a 
Whatman No. 1 filter paficr and then a 
Buchner filter, and is then sterilized by 
passage through a sterile St*itz asbestos 
iilbT. '^fhe filtrate is ])ut up in dark 
glass ampoules and stored on ice. 

Pathology of lymphatic varix.- -In 

consequence of the rich anastomosis exist- 
ing between the contiguous lymphatic 
areas, on filarial obstruction occurring 
in one of them a compensatory lymphatic 
circulation is sooner or later established. 
Bub before this can be thoroughly effected 
a rise of lymph-firessure and a dilatation 
of the lymphatics in the implicated area 
must take; place. This leads to lymphatic 
varix of different kinds, degrees, and 
situations. When the seat of filarial obstru(;tion is the thoracic duct, the 
chyle poured into that vessel can reach the circulation only by a retrograde 
movement ; this fluid may therefore be forced to traverse in a retrograde 
way the abdominal and pelvic lymphatics, the lymphatics of the groin, 
scrotum, and abdominal wall. As a consequence, these vessels, together 
with the thoracic duct up to the seat of obstruction, become enormou8l\- 
dilated. In dissections of such cases (Fig. 140) the thoracic duct has been 
found distended to the size of a finger, the abdominal and polvic l 3 miphatics 
forming an enormous varix, perhaps a foot in diamek^r and some inches in 
thickness, concealing kidneys, bladder, and spermatic cords. In such casi'.s 
when one of the vessels of the varix is pricked or ruptures, the contents 
are found to be white or pinkish. They are not limpid like ordinary lymph. 
They are chyle, therefore — chyle on its vay to enter the circulation 



Fig. 140. -Dissection of the lym- 
phatics in a case of chyluria, 
showing the dilated right and 
left renal lymphatics and the 
thoracic duct. {Mac.henzie, 
7'rans. Path. Soc. Loud.") 
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by a retrograde compensatory track. When the varix involves the 
integuments of the scrotum, the result is “ lymph scrotum ” ; when most 
prominent in the groin, then a condition of glands is produced which 
Manson called “ varicose groin-glands ” ; when the lymi)hatic8 of the bladder 
or kidneys are affected and rupture from over-distension, then chyluria is the 
result ; when those of the tunica vaginalis rupture, then there is chylous 
dropsy of that sac — “ chylocele ” ; the same may happen in the peritoneum 
— chylous ascites. Occasionally varicose lymphatic glands, resembling those 
frequently encountered in the groins, are found in the axilla. Occasionally, 
also, limited portions of the lymphatic trunks of the limbs are similarly and 
temporarily, or more permanently, distended. This, doubtless, is the 
pathology of all those forms of filarial disease characterized by visible 
varicosity of lym})hatic8, with or without lymphorrhagia. Jt may happen 
that the obstruction is in some lymphatic tract on the distal side of the 
entrance of the chyle-b(‘aring vessels into the reeeptaculum chyli. In this 
case a rupture of the eonsetiuent lymphatic varix will give issue to a limpid 
lymph unmixed Mith chyle. 

In filarial disease, associated with lymphatic varix, microfilariae are 
generally present in the blood, as well as in the contents of the dilated vessels. 
Sometimes, it is true, the microfilariae are not found. Such cases are jirobably 
of long standing ; had the microfilariae been looked for at an earlier stage 
of the disr^ase, they would presumably have been discovered. 

I’he microfilariie have been seen to vanish from the blood -stream by 
various observcTS ; doubtless this is due to the death of the parent parasite, 
and is generally associated with an attack of lymphangitis. 

Pathology of elephantiasis. Kca.soths for regarding eltjdinntiasis as 
a fdarinl disease . — (1) Th(^ geographical distribution of If. hancrufli and that 
of ek'phantiasis correspond ; where elephantiasis abounds there the filaria 
abounds, and rice versa. (2) Filarial lymphatic varix and elephantiasis occur 
in the same districts, and frequently concur in the same individual. (3) Lymph 
scrotum, uncpK'Stionably a filarial disease, often terminates in elephantiasis 
of the scrotum. (4) FIej)hantiasis of the leg sometimes superv’enes on the 
surgical nunoval of a lymph scrotum. (5) Klephantiasis and lymphatic 
varix are essentially disc'ases of the lymphatics. (6) Filarial lymphatic 
varix and tru(' el(q)hantiasis are both accompanied by the same type of 
recurring lymphangitis. (7) As filarial lymphatic varix is practically proved 
to b(‘ caused by the filaria, the inf(‘rence appears to be ^^'arranted that, with 
rare exce})tiona, the ele[>hantiasis of warm climates — the disease with which 
lymphatic varix is so cdteui associated and has so many affinities — is attribut- 
able to the same cause. 

11 the filaria be the cause of tropical elephantiasis, how account for the 
absence of the embryos from the blood, as is the case in the majority t>f 
instances of this disease ? The answer is : Either the disease-producing 
filaria" have died ; or the lymphatics draining the affected area are so 
effectually obstructed by the filaria, its products, or its effects, that any 
microfilaria* they ma}^ contain, or may have conteined, cannot pass along 
these vessels to enter the circulation. Adult filariac of both sexes in large 
numbers may be found in enlarged fibrosed lymphatic glands — epitrochlcar, 
for exam])le — without the presence of the con'esponding microfdariai in the 
blood -Bl ream. 

W^e have already seen that in filarial l^nnphatic varix the parasites which 
produced the disease may die, particularly during attacks of lymphangitis ; 
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we have also seen that they may become cretified and may bo found ui larg* 
numbers in this condition or alive in the glands and lymphatic trunks, when-, 
as the Editor has shown, they givi^ rise to giant cell formation and fibrotic. 
(‘hanges of an obstructive nature (Fig. 139). 

Furthermore, in filariated subjects a proe(‘ss ol proliteration oi the endo- 
thelium of the l^nnphatic vessels takes plac'c -a sj)ccies of lymphangitis, 
first described by the Editor and lat(‘r confirmed by O'f’onnor; it is due 
to the action of the microfilarite wliieh h(‘eome imprisonc'd in the endothelial 
lining of the vessel (Fig. 141). 

Then' is qniti* (Miough to show flint pathological )f 



Fig. 141. Occlusion of lymphatic vessels by proliferation of the 
endothelium in filariasias. 


elephantiasis lies in the destruction and blockage of the lyinjiliatie filters 
in the lynijiliatic glands. 

For the true understanding of elephantiasis it is necessai-y to give a few 
facts about the known jihysiology of the Iym])hatie syskmn Lymph is a 
transudation from the veins and its production is maintained jind regularizi'd 
by intravenous pressure. It ajqiears that, in order to produce tria* elepliantoid 
tissue, a transudation of lvm])h must take j)lace, and that this transucUal 
lymph must contain an ex(!ess of protein ; this forms an id(‘al culture medium 
for proliferating cells, thereby producing lymphous hyperplasia. 

Superficial lymphatic capillaries are specially abundant and contain 
actively circulating lymph. The lymi)h stream tlows in a series of directions 
from dififerent areas of skin, with sharj) lines of demarcation between each ; 
therefore the former conception of a generaOx'd lym})hatic anastomosis is 
incorrect. Forming, as they do, the most important and extensive part of 
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the lymphatic system, the superficial lymphatics show the most pronounced 
changes in the integument and subcutaneous tissues. Woollard and Gray 
have demonstrated that the lymphatic supply of the skin is particularly 
rich, and that the vessels lie mainly in the superficial part of the dermis at a 
slightly deeper j)lane than the arterioles, wliich give off loops to the dermal 
papilla^. There is also a wide-mesli plexus of fairly straight vessels lying 
])arall(‘l to the skin surfac(‘, and these ])articular vessels contain no valves. 
In the dee[>er layers the lymphatics from a series of collecting radicles rather 
than a true ]jlexus ; they are joined to the superficial plexus by more or less 
v(‘rtically j)Iaced vessels, and the collecting trunks contain valves situated 
about 1 mm. apart. The dee]) fascia is devoid of lymphatics. There is, 
therefore, a clear separation of the sufw'rficial or exUu’nal lymphatic system 
from the d(‘ep or internal system. 

I’ho anatomical situation of I'lephant iasis de|)ends, therefore^ upon 
the anatomical distribution of the afferent lympliatic vessels. It must 
not be tbongbt. bowevtT. that lymphatic elephantiasis is solely the 
product of filarial infection. The following classification of elephantiasis 
is sugg(*st(‘(] by the Ivlitor : 

ill) ('ong(‘nital or familial ele])liantiasis (^lilroy’s or Meige’s 
dis(‘ase) ; stenosis of main lymphatic trunks. 

(h) Parasitic el(‘])hantiasis : ]yuchereria hancrojti, or Onchocerca 
roll' u I Its. 

(fj Se})tic (icphantiasis [Elejthanlutsis nostras — lymphatic in- 
fection by strc‘])tococ(‘i). 

((/) Toxic elt^piiantiasis by absor])tion of irritating toxins, 
sucli as chrysarohin. 

(f’) Obstructive (dephant iasis, due to tu])erculous glands, 
cari'inoinatous growths, sy])hilis, or yaws, or to surgical 
removal of main chains of glands. 

(/) Venous ek‘plia!itiasis secondary to venous thrombosis, 
such as yhleymasia alba dolens, or white leg, in parturient 
women. 

Tt‘sch, Jhaig and others have shown that elephantiasis is also 
])roduced by Filaria nialaifi. The diffenaica^ b(*tw(*('n the two forms of 
lymphatic obstruction s^hmus to lie in the predih'ction of this form for 
tho legs rather than for the gcaiitalia and the scrotum as in Wiichereria 
hancrojti infections. 

In most cases the? real origin of the obstruction lies in the librotic 
changes induced by the })arasite in the lymphatic vessels and glands, 
leading to elej)hantiasis. Lymph stasis in the lymphatic vessels 
alone does not produce elephantiasis ; this has been proved by ligature 
of the lymphatic trunk, which results in oedema but not in true elephan- 
toid hypertrophy. 

Anderson l)elieved tliat the adult hlaria‘ living in the lymphatic 
system, by the damage they produce in the intinia of the vessels, 
so prepare the way that a streptococcal or staphylococcal in- 
fection, however mild, is al)le to obtain a footliold and that by 
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the changes thus produced the lymph-channels become further 
occluded. 

O’Connor has now shown that in cases of filarial lymphangitis 
focal spots can be distinguished from which the inflammatory pnx^ess 
appears to commence, and that this phenomenon indicates the site 
of a dead filaria worm ; furthermore that an attack of lymphangitis 
may be cut short by the injection of sulpharsphenamine (0-2 grm. 
dissolved in 2 c.c. sterile 1-per-cent, novocain). This ol>sorver, to- 
gether with Golden and Auchincloss, has also shown iliat in filarijited 
subjects, especially in elephantiasis, calcifie<l filariie may 1)(‘ demon- 
strated by means of X-rays. The shadows range from 1 mm. in 
width to 2-3 mrn. in length. These studies seem to indicate that the 
infection may be quite extensive. Fifteen shadows, or groups of 
shadows, were detected in one elephantoid leg. 

In these ways one can explain the production of ele})hantiasis 
by the filaria, and the absence from the blood of the embryos of tlu^ 
parasite which started the disease. The latter cainnot })ass the occluded 
glands. Very likely the parent worm, or worms, di(^ at an early stage 
of the disease, killed by the subsequent lymphangitis, or some other 
indetermined cause. 


The subjects of elepJmntiasis le.ss liable than others to hare ruirrofifariw in 
their blood , — Why should elephantiasis (iases have ])r()|)ortionat<'lv fevv(*r 
microfilariae than the non-ele})hantiasis cases ? The answer imiy be that 
in the former the existence of elephantiasis implied that a large area of th(;ir 
lymphatic systems was blocked, and the blood could be stocked with mi(To- 
filariae carried by the lymph from only a ndativf'ly small lymphatic area ; 
and that there was therefore a proportionaUily leH.ser likelihocxi of the ])arent 
filariaj having for their young an unobstrucU^d passage to the blood. 

This apparent anomaly is found in other conditions produced by IP. 
bancrofii. In Fiji, for instance, the Editor observed that 38-2 per Cent, 
of the cases of elephantiasis he saw harboured micTofilariau while? the inicro- 
filariae-rate in cases of glandular enlargement, also of filarial origin, was 
34-6 per cent. On examining all those with clinical manifestations of filarial 
disease, it was found that 19-7 per cent, thus affected had microfilaria* in 
the blood, but that no less than 44-8 jx?r cent, of those with numerous micro- 
filariae showed no obvious sign of disease? whatever. As in the case of Filuria 
rnalayiy it is possible that the non-j)eriodic W. bancrofti in the I/ac jfi(* ])r()duc(‘s 
its own pathological picture. This latter filaria lives mostly in tlu lymphatic 
glands and produces phenomena which are coniieeted with fht^se structures. 
It has a special preference for the epitrochlear glands, and is therefore liable 
to produce elephantiasis of the arms. It does not })r()duce either chylurla 
or lymphuria as does the periodic form of W. bancrofti. 

Symptoms, Diagnosis, and Treatment of Filarial J)iseases 

Enumeration of filarial diseases. — The diseases known to be 
produced by or associated with W, bancrofti are— absc(?ss ; lymphan- 
gitis ; arthritis ; synovitis ; abscess of hip-joint ; varicose groin 
glands ; varicose axillary glands ; lymph scrotum ; cutaneous and 
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deop lymphatic varix ; orchitis ; funiculitis ; chyluria ; elephantiasis 
of the leg, scrotum, vulva, arm, mamma, and other parts ; chylous 
dropsy of the tunica vaginalis ; chylous ascites ; chylous diarrhoea, 
and probably other forms of disease depending on obstruction or 
varicosity of the lymphatics, or on the death or injury of the parent 
tilari® in a lymphatic abscess — including fatal peritonitis and secondary 
infections by pyogenic micro-organisms. 

Abscess. — Occasionally, as already mentioned, whether in con- 
sequence of blows or other injuries, of lymphangitis, or of unknown 
causes, the ])arent filarias die. Generally the dead body is absorbed, 
just as a })iece of aseptic catgut would be, or becomes cretified.^ Some- 
times th(‘ (l(‘a(i worm acts as an irritant and causes abscess, in the 
cont(‘nts of which fragments of the filaria may be found. Such 
abscesses, occurring in the limbs or scrotum will discharge in due 
cours(‘, or may be opened ; if properly treated surgically, they may 
lead to no further trouble. Should they form in the thorax or abdomen, 
serious consequences and even death may ensue. 

The starting-point of these abscesses is, possibly, a small haemor- 
rhage produced by the filaria worm itself which has become secondarily 
infected, hut when no such occurrence takes place the defunct filaria 
becomes cretified. This condition must not be confused with a 
generalized pya*mic abscess, commonly found in the tropics and known 
as tropical pyomyositis. (See p. 705.) 

Lymphangitis and elephantoid fever. — Lymphangitis is a 
common occurrence in all forms of hlarial disease, particularly in 
(‘lephantiasis, varicose glands, and lymph scrotum. When occurring 
in the limbs the characteristic painful cord-like swelling of the 
lymphatic trunks and associated glands, and the red congested streak 
in the superjacent skin, are usually apparent at the commencement 
of the attack. The attack may continue for several days, and be 
accompanied by severe headache, anorexia, often vomiting, and some- 
times delirium. After a time the tension of the inflamed integuments 
may relieve itself by a lymphous discharge from the surface. Usually 
the attack ends in })rofuse general diaphoresis. Lymphangitis may 
be confined to groin glands, testis, spermatic cord (endemic funiculitis), 
or abdominal lymphatics. When it affects an extensive abdominal 
varix, symptoms of peritonitis are rapidly developed, and may prove 
fatal. 

Observations by Anderson and others would indicate that a 
streptococcus is the initial cause of lymphangitis, but some at present 
regard it as a manifestation of an allergic reaction to the toxins of 
W. hancrojti. JMorales-Otero and Pornales-Lebrdn have shown that 
streptococci probably j)lay some part in recurring lymphangitis, for 
soon after the first attack a high degree of antistreptococcal potency is 

‘ Wise and Minett have found fdariaB, living or cretified, in the following situations, viz. : 
pelvis of kidney (31 times), epididymis (18 times), retroperitoneum (12 times), the ilio-psoas 
musole (4 times), Glisson's capsule (twice), inguinal glands (26 times), lymphatic vessels 
(8 times). Similar observations have been made by the Editor in Fiji. 
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developed in the blood. From this they conclude that attacks 
of lymphangitis are preceded by an infection with Sireptococcvs 
hcemohjticics. 

In tlie Pacific islands a form of filarial fever is commonly met 
with in lieavilydnfected districts imassociated with signs of lymph- 
angitis : in tins form there is probably an inHammation of the 
deep-seated lumbar ]ym])hatics or glands, which are not visible. 

Diagnosis . — This fever, usually termed “ (‘leplianfoid fevcT,” 
occurs at varying inti'rvals of weeks and monlbs, or years, in nearly 
all forms of elephantoid disease. Its tendency to recur, the severe 
rigor, and the terminal diaphoresis, cause it to be mistaken for malariji. 
In Barbados, wdiere there was until reetaiily no malaria, it is habitually 
called “ ague.” In Samoa it is known as “ mumu fever ” ; in Fiji as 
“ wanganga.” In the absema' of tlu* malaria ])arasite, tlau’e should 
be no difficulty in arriving at a diagnosis. At one time in India the* 
recurrent fever was believed to depend upon myst erious lunar inthiences. 

TreaUneyii. — '.Flie treatment should consist in removing any cause 
of irritation, in rest, elevation of the affect i‘d j)art, cooling lotions or 
warm fomentations, mild apiaaeiits. o})ium or morj)bia to relieve pain, 
and, if tension is great, pricking or scarifying the swollen area under 
suitable aseptic conditions. Subsequently the parts, if their position 
permits, should Ixi elevated and firmly bandaged. Following upon 
the work of tlie Editor, Wis<% and Bose, suggesting tliat many of the 
symptoms of fdariasis are of septic origin, Anderson obtained definite 
amelioration in his cases in British Guiana, and, in some instances, 
freedom from symptoms for a considerable ])eriod, by the injection of 
staphylococcal or streptococcal vaccines. J)etoxicated vaccines gave 
slightly better results, thougli in each case the offending organism 
should, if possible, be determined. The initial dose should be ten million 
organisms ; three or more injections should be given every third 
day till the maximuni of tifty million is namhed. Pons estiniat(‘s that 
40 per cent, of |)atients tn‘ated with streptococcal vaccines or with 
tiltrates from cultures of these organisms (which apj)ear to be nion‘ 
efficacious) are benetited to a marked degrtu*. 

8ulphanilamid(*s an* now being enijiloyed in treatment , and recently, 
good results have been recorded by tlu' exliibition of pros<‘ptaciiK‘ in 
0*5 grrn. doses given every four hours. 

Varicose groin-glands (Fig. 142j. - Varicose groin-glands an* 
frequently associated with lynqih scrotum, with chylous dropsy of tlu* 
tunica vaginalis, or with cliyluria. Occasionally all four conditions 
coexist in the same individual. 

As a rule, the patient is not aware of the existence of these varicose 
glands until tliey have attained consideralile dimensions. Then, a 
sense of tension, or an attack of lymphangitis, calls attention to tin; 
state of the groins, where certain soft swellings are discovered. These 
swellings may be of insignificant dimensions or they may attain the 
size of a fist. They may involve both groins, or oidy one groin ; they 
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may aftect. thu inguinal glands alone, or the femoral glands alone, 
ur (and this is generally tla* rase) heth sets together. 

I )Vf(in()S}s. It IS important to hr a)>l(‘ to diagnost* tlu^sc tumours 
from hernia, for which they am often mistaken. This can be done 
by observing that tli(\v aia* not t.ympanitie on })ei(mssion ; that though 
pressure causes tlaun to diminish, th(‘y do so slo\vly ; that there is 
no sudden disjKU'siori accompanied by gurgling, as in lieniia, on taxis 
being ein])loyed ; that they coiney a nTitively slight or no impulse 
on cougliing ; that tliey slowly subside on tin' j)ali('nt lying down, 
and slowly )-eturn, c\ cn if pressun^ la* apjdicd over the saphenous or 



Fag. 142. Varicose groin-glands and chylocele. 


inguinal openings, on tlu‘ (*re(*t. posture being rt'SunuHl. The cautious 
use of the hypod(‘rmic m*edl(‘ will (‘ontirin diagnosis, which may reveal 
tiny microtiiarijc, or ;u*tually tilarial eggs, and the diagnosis Avould he 
further stn'ngtlu'iK'd by tlie coexistence of lymph scrotmn, chyluria, 
or chylous hydro(‘el(‘, and tie* pii'sence of microfilaria* in tlu* blood. 
Chronic sivcllinys (ihouf ihe <jrouK cord, icstis, ond scrofiDu in judicnts 
Jroni fhc tropics should ahvaifs he recorded os possibJu JdonoL 

Treatment. Unless they give rise to an incapacitating amount 
of discomfort, and are tli(» seat of frequtmt attacks of lymphangitis, 
varicose groin-glands are Ix'st left alone, hlxcision is not always 
satisfactory, as it may he followed by lympliorrhagia at Ihe seat of 
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the wound, by excessive dilatation o\ some other part of the implicated 
lymphatic area, by chyluria, or by elephantiasis in one or both legs. 

Similar varicose dilatation of the axillary glands is sometimes, 
though much more rarely, found. Bancroft designated these varicose 
axillary and groin glands “ hel min thorn a elastica.” 

Cutaneous and deeper lymphatic varices. — Occasionally 
cutaneous lymphatic varices are seen on the surface of the abdomen, on 
the legs, arms, and probably elsewhere. Filarial lynijihangiectasis of the 
spermatic cord is not uncommon. The cont(uits may be milky and 
chylous, or straw-coloured and lymphous, according to situation and 
connections. 

Thickened lymphatic trunks. — In cases of lymphangitis, 
after the initial swelling and inflammation have subsided, a line of 
thickening remains. On excising this thickened tissue and carefully 
dissecting it, minute cyst-like dilatations of the lymphatic involved 
have been found by Maitland, Daniels, and the Editor, and in these 
cysts coiled-up adult filaria?, sometimes dead, sometimes alive. 

Filarial glandular enlargement. — In tlie Pacific islands griat 
enlargement of the lymphatic glands with fibrotic changes is by far the 
most frequent symptom of filarial disease. The epitrochlear gland, for 
instance, is often affected — in Fiji in 22 per cent, of the total j)opulation. 

The groin-glands are often very much enlarged, sonadimes to 2 or 
3 in. across, and may form permanent tumours in the groin. On section 
they have the appearance of an unripe pear, the central portion being 
fibrotic, and the peripheral glandular. The deep-seated glands — tlie 
iliac, lumbar, mesenteric, and mediastinal — may also be (Uilarged. 

On careful dissection, live lilarite or their calcified remains may 
be demonstrated in the glandular substance. (Fig. 148.) 

Treatment . — Usually it is inadvisable to remove these glands, 
seeing that, as in the case of varicose groin-glands, an incurable 
lymphocele might result. 

Lymph scrotum (Fig. 144). — In this disease the scrotum is more 
or less enlarged. Though usually silky to the touch, on inspection 
the skin presents a few, or a large number of smaller or larger lymphatic 
varices which, when pricked or when they rupture spontaneously, 
discharge large quantities of milky, or sanguineous-looking, or straw- 
coloured, rapidly-coagulating lymph or chyle. In some cases 8 or 
10 oz. of this substance will escape from a puncture in the course of 
an hour or two ; it may go on running for many hours on end, soiling 
the clothes of the patient and exliausting him. Usually microfilaria? 
can be discovered in the lymph so obtained, as well as in the blood of 
the patient. In a large proportion of cases of lymph scrotum the 
inguinal and femoral glands, either on one or on both sides, are varicose. 

Treatment . — Unless inflammation be a frequent occurrence, or there be 
frequent and debilitating lymphorrhagia, or unless the disease tends to pass 
into true elephantiasis, lymph scrotum — kept F?rupulou8ly clean, powdered 
with boracic acid, suspended, and protected — had better be left alone. 
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Should it, however, be deemed expedient, for these or other reasons, to 
remove the diseased tissues, this can be effected easily. The scrotum should 
be well drag^;;ed down by an assistant while the testes are pushed up out 
of the way of injury. A finger knife is then passed through the scrotum, 
and in sound tissues, just clear of the testes, the mass is excised by cutting 
backwards and forwards. No diseased tissues, and hardly any flap, should 
be left. Sufficient covering for the testes can be got by dragging on and, if 
necessary, dissecting up the skin of the thighs, which readily yields and 



Fig. 143. — Pedunculated groin-glands in a Fijian with double 
hydrocele. (Orig.) 

These phuids, containing adult S and ? filariir, were removed at operation. 

No niicrofilariiP werc found in the blood. There were also masses of 
enlarged glands in right groin. 

affords ample covering. It is a very common but a very great mistake to 
remove too little. As a rule, the wound, if carefully stitched and dressed 
antiseptically, heals rapidly. 

In consequence of this violent interference with a large varix, of which 
that in the scrotum is but a part, chyluria, or elephantiasis of a leg may 
8Uf)ervene. The patient should bo warned of this possibility. 


Chyluria. — When a lymphatic varix in the walls of the bladder, 
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or elsewhere in the urinary tract, the coiisequeiico of tilarial obstruction 
in the thoracic duct or in the lymphatics of the urinary system, rup- 
tures, there is an escape of the contents of the lymphatics into the 
urine. Chyluria is the result. If, as often is the case, it contains 
blood, tlie condition is known as hcpinatochyluria. 

A curious fact about this form of tilarial disease is that in the 


Pacific islands it is practically unknown, thou*]^!! it is frequently met 

with in til aria ted subjects in 



Tig. U4. Lymph scrotum and varicose 
groin-glands. 

I Dr. Rett me., F(H)rl/i)ir.) 


India, Cliina, and North 
Africa. 

This disease frequently 
appears witliout warning ; 
usually, however, pain in the 
back and aching sensations 
about th(^ pelvis and groins — 
probably caused ])y great 
distension of the y)re-existing 
lymphatic varix — prectMh' it. 
Ketention of urine, from tht^ 
presence of chylous or lym- 
phous coagula, is sometimes 
the first indication of serious 
troubI(‘. \Miether pn'ceded 
by aching, or by ret(‘ntion, 
or by otlier symptoms, the 
patient becomes suddenly 
aware that he is passing 
milky urine. Sometimes, in- 
stead of being white, the 
urine is pinkish, or even red ; 
sometimes white in the morn- 
ing, it is reddish in the even- 
ing, or vice versa. Sometimes, 
wdiilo chylous at one y)art of 
the day, it is ptTfectly limpid 
at another. (Ireat variety in 
this res])e(*t (‘xists in different 
cases, and eveii in the same 


case from time to time, de- 


pending on tenq)orary chjsure of the rupture in the lymphatic, and also 
on the nature of the food.^ Chyluria is very likely to occur, either 
for the first tinu* or as a relapse, in pr(‘g?jancy or affer ehild birth. 


* The sangiiincouH iipj)curau{;e ho fretjUfiitly Hoeu in cliyloun nriiio auU in other f’oniiH of 
lilarial lyraphorrhagia possibly depends in some instances on liic formation of blood-corpuscles 
in lymph long retained in the \ arico.se vessels, and as a result of the normal evolution of the 
formed elements in that fluid. In other instances it is probably caused by rupture of small 
blood-vessels into the dilated lymphatirs ; in these eases the ndcroniaria) appear in the urine 
passed during the night-time only. 
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Physical chamctcrs oj chylous urine. U cbylouH urine be j)a8W‘d into h 
urine-glass and allowed to stand, within a very short time, as a rule, thi* 
whole of the uriiu* IxH-onies eoagulated. Gradually the coagulum contracts 
until, at the (uid of some hours, a small, more or less globular clot, usually 
bright red or pinkish in colour, is lloating about in a milky fluid, the milky 
appi'aranee of wliich is entirely due to suspended fat particles. Later, the 
fluid 8(‘parates into three layers. On the top there is formed a cream-liki* 
pellicle ; at tlu‘ bottom, a scanty reddisli sediment, sometimes including 
minute red clots ; in th(^ centre the mass of the urine forms a thick, inttjr- 
iiK'diate stratum, milky white or reddish white in colour, in which floats 
tlK! contracted coagulum. If a little of the sediment be taken up with a 
pipette and (‘xamined with the micro8coj)e, it is found to (;ontain red blood- 
corj)uscles, lymphocytes, granular fatty matter, epithelium, and urinary 
salts, and mix(‘d w ith these in a large proportion of cases, though not in all, 
microfilarite. The middle layer contains much granular fatty matter ; 
while the upj)er, cream-like layer consists of the same fatty mat<‘rial in 
great(‘r abundance, the granules tending to aggregate into larger oil globules. 
If a little of the coagulum be teased out, pressed between two slides, and 
examined with the microscoj)e, microfilariie, more or less active, may be 
found entangled in the meshes of the fibrin. According to Yorke and Black- 
lock, the number of microfilarhe in chylous urine varies greatly within the 
twenty-four hours in (pnt(‘ an irregular manner. If ether or xylol be shaken 
uf) with the milkv urine, the fat particles are dissolved out and the urine 
becomes ckair ; the fat may be recovered by decanting and (evaporating the 
ether w Inch floats on the urine. Jknling the urine throws dow n a considerable 
precipitate of albumin. When the urine contains only lymph, fatty elements 
are absent, or are present in but very small amount. According to Yoimg, 
a twenty -four-hour sample of chylous urine contains l-8-2 () X)er cent, of fat. 
'The amount of this substance excreted is generally, though i>erhap8 not 
invariably, d(*])en(k‘nt on the amount ingesUai with the diet. 

iiy cystoscopy the Iklitor has s(‘en in the bladder chylous vc'sicles which 
burst when fully distiauhal, and Komiti showed by cystosco})y and ureteric 
catheterization that lymphatic obstruction of a limited portion of th(‘ urinary 
system is t'nough t<» caust* chyluria. 

Although chyluria is not directly dangerous to life, yet l)eing 
prolonged, it gives rise to pronounced anaunia, with depression of 
spirits and feelings of weakness and debility, and tends to incapacitate 
the patient for active, vigorous life. 

Lymphuria . — It would be more correct to describe a certain 
proportion of filarial cases passing cloudy urine as “ filarial lyrnph- 
uria,” as Low and Wise have suggested. In these cases the abnormal 
element is lymph, and contains no trace of fat. Albumin is present 
in considerable quantity, and blood may be present as w^ell. The 
chief cellular constituent is the lymphocyte. Low% who W'us able to 
investigate one of these cases shortly after d(‘ath, found the lymphatic 
obstruction located in the kidney lymphatics, which was due to calci- 
fication of defunct filarial. 

Treatment . — The treatnuait of chyluria should be conducted on 
the same lines as that of inaccessible varix elsewhere ; that is to 
hy resting and elevating the affected part, and thereby 
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diminishing as far as possible the hydrostatic pressure in the dis- 
tended vessels. 

The best results are obtained by putting the patient to bed on 
an inclined plane with feet elevated, by restricting the amount of food 
and fluid, and by gentle purgation and absolute rest. Washing out 
the bladder with some bland substance, such as boric acid, appears 
to be the best form of treatment ; if there is an admixture of blood, 
styptics may be added, as follows: 

B Liq. adrenal. (I* 1000) . . 5i (28*42 c.c.) 

Zinc, sulph. .... gr.v (0*324 grrn.) 

Lot. acid. bor. ad . . . (284*17 c.c.) 

To be used with an equal quantity of hot water. 

Golden and O’Connor have found improvement after X-ray treat- 
ment to the kidney regions. Seven cases in all have been successfully 
treated. 

Chylous dropsy of the tunica vaginalis, and of the 
peritoneum ; chylous diarrhoea. — Chylous dropsy of the tunica 
vaginalis is not an unusual occurrence in the tropics. A fluctuating 
swelling of the tunica vaginalis, which does not transmit light, and 
which is associated possibly with lymph scrotum, with varicose groin- 
glands, with chyluria, or with microfilariae in the blood, would suggest 
a diagnosis of this condition. 

Treatment , — These chyloceles may be treated as ordinary hydroceles, 
either by aseptic incision or by injection. As a rule, the chylous 
fluid rapidly coagulates when withdrawn, but occasionally this does 
not occur, or it may be prevented by drawing the fluid off into a solution 
of citrate of potash. 

If a minute portion of absorbent cotton is dipped into the receptacle, 
it will slowly fall to the bottom of the fluid. If the cotton is now 
picked up and placed under a low-power microscope, it will be found 
that every fibre is beset with multitudes of wriggling microfilariae 
entangled by their redundant sheaths, the preparation suggesting the 
snake-beset Gorgon head. 

Filarial orchitis with effusion into the tunica vaginalis, according 
to Maitland, is best treated by incision of the tunica vaginalis, turning 
out any clot that may be found in the sac, and stuffing the letter with 
iodoform gauze. 

Chylous dropsy of the peritoneum and chylous diarrhoea of filarial 
origin are very rare. 

Filarial orchitis, endemic funiculi tis, and hydrocele. — The 

fever attending filarial orchitis — which is usually associated with lym- 
phangitis of the spermatic cord — has been described as a separate 
disease (“ endemic funiculitis ”), but it is undoubtedly of filarial 
origin. It may be attended with inflammation of the scrotum, and, 
hke ordinary elephantoid fever, resemble very closely a malarial 
attack, for which it may be mistaken. In cases of recurring orchitis 
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of filarial origin witii pyroxia, ;i.(l«‘iiif is and rigors, fho Lditor lias 
<l<anonstrated largo nuinbora of microfilariae in thf3 tunica vaginalis 
at the commonc«>nicjjf of (‘ach attack, 'Fhfe aspirated fluid is cloudy, 
contains a niunbor of polymorph cells, occasionally (‘rythrocytos 
with sheathed microlilariag as w(‘ll as oIIkts which ha\(^ cast them. 
In these cas(‘s tlu' e])ididyniis is (‘idarged and Jiodular. In sections 
it is possible to demonstrate (h*ad and calciticd lilariie blocking the 
\ asa efl’erentia and causing exteiisive tihrotic clianges, and it is 
possible that slorility is a. din‘ct n‘sulf- of the invasion of tie* gonital 
organs by tilaria‘, 

Itecurrent attacks of filarial orchitis lead sooiht or later to hydrocele. 
'riiis condition is textreniely common in association with elephantiasis 
of the scrotum, espt'cially among the Polynesians. The walls of the 
sac are thickened and contain calcified remains of adult filariie ; the 
tluid is clear, straw-coloured, and usually contains microfilaria or 
their nanains ; though, owing to the rapidity with which these embryos 
die in hydrocele tluid, it does not seem to Ix^ a medium particularly 
favourable to their prolonged existence. Th(‘S(^ hydrocades should 
be treated on tlui ordinary lines. 

Makar finds that endemic filarial funiculilis, hydrocek*, and e])ididy- 
mitis ar(3 not uncommon in lower Egypt. Altliough Wuchereria 
hdNcrofti is the primary caus(.^ of these lesions, st rej)tococcal infections 
become frecpuaitly suj)erimposed, hauling to acut(* sup])urative 
funiculitis which may be septicicmic or ])yamiic. 

The naked-eye a})pearances of filarial infiltrations of the cords vary 
as regards siz(% form, and number. There may be one single nodule 
as small as a pea, or a number of them may bt\ strung to thickened 
lym})hatic vessels. Sometimes lymphatic obstruction afiects tlu* 
vessels so as to cause lym})hangiectasis and lymphatic varicocades ; it 
may, however, cause cystic dilatation, or “ lymphocele.'’ The 
sp(‘rmatie veins are often the seat of chronic throjubo-plilebitis. 
Filarial hydrocele is asso(*iati‘d with the formation of filarial nodides in 
tlu‘ tunica vaginalis. 

ddiese conditions can only' be treat cal by surgical means. 

Tlu‘ differential diagnosis has to be made from encysttal hydrocele, 
lipoma, spermatoceh% vaginal liydrocele, syphilitic orchitis, gonorrlueal 
(^i)ididymitis, etc. 

Septiccernia . — An acute fatal septicaunia due to Streptococcus 
lonfiHs is not an infrequent occurrence in subjects infected with IP. 
bancrojti. It is suggested that the parent worm living in the lymphatic 
system damages the lining of the vessels, and thus prepares the ground 
for any pyogiuiic organisms which invade the lymph-stream. In 
damaged lymphatic tissiu' the streptococcus finds a favourable medium, 
and enters the blood-stream, with the result that septicaunia is produced. 

Filarial synovitis. — Acute svmovitis of the knee-joint is one of 
the filarial diseases. The concurrence of synovitis with filarial invasion 
is too common to be accidental ; librotic ankylosis often results. 

49 
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In cases where the hip-joint is affected, removal of the inflamed iliac 
glands draining the area appears to relieve the condition. 

In severe cases the synovitis may even proceed to pus-formation, 
and a fatal result ensue. Surgical intervention is often indicated. 


Elephantiasis 


In certain districts in Cochin about 5 })er cent, of the po})ulation, 
in Samoa about every second individual, in Huahine seven-tenths of 

the adult male population, 
are affected by this disease. 
In the Ellice Islands, out of 
a total population of 8,434, 
90 are affected. In many 
other tropical and subtropical 
countries elephantiasis, if not 
so common as in those 
mentioned, is, nevertheless, 
very prevalent. 

The pathology of the 
disease has already been con- 
sidered (p. 757). 

Parts affected. — In 95 
per cent, of the cases the lower 
extremities — either one or 
both — alone, or in combina- 
tion with the scrotum or arms, 
are the seat of the disease. 
The foot and ankle only, or 
the foot and leg, or the foot, 
leg, and thigh, may each, or 



Fig. 145. — Elephantiasis of legs ; scrotum 
and fight arm also affected. {Photo : Dr. 
TurutVy Samoa.) 


all, be involved. The scrotum 
is also a common situation 
for elephantiasis. The arms 


are more rarely attacked. 


though in Fiji elephantiasis of the arm is comparatively common : 


out of 47 cases the arms alone were affected in 10, both arms and 


legs in 6 cases. Still more rarely are the mammae, vulva, and cir- 
cumscribed portions of the integuments of the limbs, trunk, neck, or 
scalp involved. 

The disease in any of these situations commences with a rapidly 
evolved lymphangitis, dermatitis, and cellulitis, accompanied by 
elephantoid fever. As already noticed (p. 760), O’Connor has been 
able to demonstrate that these attacks initiate from painful areas, 
known as “ focal spots,” and in a largo proportion of cases it has 
been possible to demonstrate, by X-ray examination, the presence of 
dead and calcifying filarisB. 
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Golden and O’Connor (1934) reported upon irradiation by X-rays of 
lymphangitis and adenitis. At first merely focal spots were so treated, 
but later the entire leg. Out of fifteen cases four had no further 
attacks. 

The lymphatic glands draining the affected area are generally 
enlarged. 

There is no distinct line of demarcation betweeii healthy and diseased 
skin. The implicated integuments are hard, dense, pit but slightly, 
if at all, on pressure, and cannot be ])inch(Hi up or freely glided over 
the deeper parts. 

On cutting into the swelling, the d(*rma is found to be dense, fibrous 



Fijj. 146. A, Plain web-eiaslic stocking, with foot-piece, for slight 
degrees of elephantiasis of leg. B, Laced form of elastic stocking, 
with suspenders, adjustable so as to avoid pinching. {A, James 
Woolley db Sons, Manchester ; B, Hospitals <C- General Contract Co.) 

and enormously hypertrophied. The subjacent connective tissue is 
increased in bulk, having, especially in the case of the scrotum, a 
yellowish, blubbery appearance from lymphous infiltration. A large 
quantity of fluid wells out on division of such tissues. 

Elephantiasis of the legs (Fig. 145). — Elephantiasis of the 
lower extrtunities is usually, though by no means always, confined 
to below the knee. The swelling may attain enormous dimensions 
and involve the entire extremity, the leg or legs attaining a circum- 
ference, in aggravated cases, of several feet. 

Treatment . — In the treatment of elephantiasis of the leg, the patient should 
be encc/uraged to persevere with elastic bandaging, massage, and elevation of 
Mu? limb. Swcdlings in the early stages may to some extent l)e controlled 
by elastic bandages or stockings. The latter, which should be made to fit 
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the legs accurately, slioukl be of some jiorous elastic and washable maku ial, 
such as stockinette. Such a stocking (Fig. 146 a) should embrace the dorsum 
of the foot and should accurately fit the leg to reach above the knee. Difficulty 
is generally experienced with the upper margin, which extends to the thigh, 
as it is apt to constrict or nip tlie limb at this ])oint. To obviate the pressure 
and discomfort of tight-fitting stockings, and to accommodate the fluctuations 
in the siz(‘ of tlie limb which ni'cessarily taki* place, these stockings may be 
made to lace u}) at tlu' sides (Fig. 146. n). A sjiiral (‘lastic stocking mad(‘ 
by Down Bros., on Dickson Wright ’s inodtd, which (‘an be accurately titt(‘d 
to the leg and whi(‘h is condbrtabk*, airy and cllective. can be recommended. 
Sometimes, in (‘xtreme cases, good r(‘sults arc* got fiom excision of redundant 
masses of skin, a longitudinal strip of three or lour inches in breadth by a 
foot or more in length being dissected off. During the acut(‘ attacks, tension 
may be relieved by asejitie punctures with a shar]) lanc(‘t. -\t all times the 
limb must b(* carefully guarded from injury, and sIkh's and tronsms worn. 
Slight injuries provoke inllammatory i-ecurnmees. 

Knott is an advocate of prolonged and firm bandaging, which effects a 
gradual removal of the lymphoHlmna. during which tim(‘ th(‘ patimit obtains 
s^^mptomatic r(‘li(‘f and avoids further iT‘current attai'ks of lymphangitis ; 
the bandages should not b(‘ removed when an attack of lymphangitis is 
imminent, hut the foot of the bed should be (‘Icvati'd. A " bandage boot 
is us<*d, consisting of a ti-inch bandag(* of hea\y 'fnrkish towt'lling, which 
covers the limh from Ixdiind th(‘ heads of the metatarsals to th(‘ heads oi 
the tibia and hhnla, (-(‘mented to a cov(‘ring civp<‘ bandage by (hextrin-syrn jt 
applied along the tihia, the whole b<‘ing snpport(‘d h\ narrow lateral strips. 
An extremely etiiiaent stocking can be fitted on to tin* leg with washing 
canvas : it is tighten(‘d hy a zi])'ffist<‘ncr (‘Xtending for on(‘ fo(»t latinally 
downwards from the knee and upwards from tla* ankle, thus maintaining an 
(‘ven and readily .idjustable pressure. 

Various ojnrddvf- measures hav(‘ heen jiroposcd, though none is (‘iitirely 
satisfactory. Laiiz's opemtioti aims at de(‘}) lymphatic drainage. .\ longi- 
tudinal incision is made through the fascia lata down to the femur, the 
|>erio8teum of whicli is stripped and th(‘ hone trephined in s(‘V(‘ral places ; 
strips of fascia are tlien inserted into the openings thus niacie. 

Kondoleon^ s operation consists also in free incision of the fascia lata and 
removal of large sections of the aponeurosis ; the removal of this tissia? 
assists in the anastomosis of lymph channels and veins. 

Auc}iinclo8s\^ operation is intended to lighten elephantoid lt‘gs, and also 
to remove those tender focal spots wdience the inflammatory lesions of filarial 
fever arise and to remove calcified worms. It consists of two incisions 
marking out a vertical strij) of skin. From its ends V-shaped incisions an* 
made diverging upwards at the upper end and downwards at the lower. 
An almost dangerously wide amount of skin is undermined, w ith considerable 
care, just deep to the corium. 

Elephantiasis of the scrotum. -Elcjffiaiitiasis of the scrotuiri 
or “ scrotal tniiiour ” as it is sonudinios called, may attain an enormous 
size : 10, 15, 20 ])). are common weights for thes(' tumours, and 40 or 
50 lb. is by no nu'Uns uneommon. Ilu' Inrgesf record(*d wanght is 
224 11). 

Analotnirat eharaeters. 41iese tumours eonsist of two jiortions (Fig. 147) : 
first, a dense rind of hypertrophied skin (A, c), thickest towards the low't‘r 
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purl and gradually thinning <)ut ms it nirrges abovt^ into tht; 8ound nkin of 
tlj(; pub(,‘s, perineum, and thighs ; second, enclosed in this rind, a mass 
of lax, blubberv, dropsical, areolar tissue in which testes, cords, and penis 
a re emlxidded. I'he shape of the tumour is more or less pjTiform. The upper 
part, or neck, on transverse section (H) is triangular, the base (B, k) of the 
triangle being in front, the apex (Ik.y) —usually somewhat bifid from dragging 
on the glub'al folds — towards the anus, the sidc's (B, h) tovv'ards the thighs. 
In the latter situation the skin, though usually more or less diseased, is, 
from jiressure, softer and thinner than elsewhere, tempting the surgeon 
to utilize it for the formation of fla])s — not always a wise proceeding. The 
penis (A, u, lb /) always lies in the u]>{)er and fore part of the neck of 
the mass ; it is firmly attached to the pulM‘H by the suspensory ligament. The 
sheath of the penis is sometimes esp(‘eially hvfK'rtrophied, in some eases 
standing out as a sort of twisted ram’s-horn-like 
projection on the anterior surface of the tumour ; 
this, howt^ver, is unusual. Generally the sheath 
of the jKinis is ineor[>orated in the scrotal mass, 
the prepuce being dragged on and inverted so 
as to form a long channel leading to the glans 
[>enis and opening (A, /) half-way down, or even 
lower, on the face of the tumour. The testes 
(A, r), liuried in the ccuitral blubberv tissue, 
usually lie towards the back of the tumour, one 
on each side — in large tumours generally nearer 
the lower than the upi)er part. They are more 
or less firmly attached to the under-part of the 
scrotum by the hypertrophied remains of the 
gulKirnaculurn testis (A, d) -a feature to be 
specially borne in mind by the surgeon. As a 
rule both t-t‘stes carry large* hydroceles with 
thickened tunica* vaginales. The spermatic cords 
also (A, ; B, r/) are thie^kened and greatly 

(‘longated. 

I'lie arteries which supply these enormous 
growths are of considerable size ; the veins, too, 
are very large, and, as they permit regurgita- 
tion of blood from the trunk, are apt to bleed freely. 

Trmtmeiit preliviimuif to operation. -If the tumour is of considerable 
size the patient should keep his bed for at least a we(‘k before operation, 
the mass being su8})ended so as to drain it of fluid and blood. It is thus 
rendered lax, and the opi'iator is enabled to ascertain by palpation the 
position of the testes and, if such chance to be pres<.*nt, of hernia — a not very 
unusual comj)lication. 'rhe po.ssibilitv of undesc’cnded test<*s should not 
be overlooked. The choict* of ana*sth(‘tic is important : it should be spinal 
when possible, n'inforced with gas and oxygen. The patient should not be 
kept long in Ik'd prior to the operation, for when the mass is .sujiported, tin* 
fluid drains upwards and invadc's the tissiu's to be used for flaps, and the 
palpable edge of the ele[)hantoi(l skin is obscured. 

Operation. The patient should be placed in the lithotomy p(»sition. 
The scrotum should be drawui down as far as possible, and elastic webbing 
applied over the mass so as to expel the blood ; a stout rubber cord is w'ound 
round th(^ neck of the tumour, over the pelvis, and firmly s('cured. A vertical 


A 



riK. 147. — Diagram of 
anatomy of elephan- 
tiasis of scrotum. (Fnl 

I‘rfc!’<*nC('S, srr text.) 
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incision is made commencing in the middle of the sympliysis pubis, and 
extending as far as the aperture leading to the jienis. The penis is exposed, 
separated and the penal artery ligatured. It should be borne in mind that 
the prepuce and skin of the sheath of the penis have been pulled down over 
the glans and form a skin -lined tube from the gland to an o}>ening on the 
front of the tumour, and while the skin of the prepuce and the sheath and 
even the frajnum may be elephantoid, the skin of the glans is normal. At 
tliis point, a sound is passed, and left in to prevent subsequent injury to 
the urethra. The vertical incision is now continued round the scrotum 
right round to the back of the perineum, and the scrotum is thus divided 
into two halves. The testicles and cords are now separated from the blubbery 
mass, the hypertrophied gubernacula being divided, surrounded with gauze 
and placed on one side. At the base of each half of the scrotum clamps 
are fixed, care being taken that these clamps are well to the proximal side 
of all diseased tissue. Each half of the scrotum is then cut away, distal 
to the clamps, and through healthy tissue. Every visible blood-vessel is 
secured and tied and the clamps very gradually loosimed. The skin in the 
upper and inner aspects of the thigh is undermined as much as necessary 
and brought together over the testicles. Thiersch skin -grafts may be apfilied 
to the penis, and give good cosmetic and functional results, and if done at 
the time of the operation will take on in 1(X) per cent, of cases. It is a good 
procedure to tie in a catheter till healing has taken j)lace. 

Compheations which may ensue are severe haemorrhage, and injury to 
spermatic cords, urethra or rectum. Postoperative retention of urine is 
often very troublesome. Stricture of the urethra and the supervention of 
elephantiasis of a previously unaffected leg have also been recorded. 

The mortality from these fonnidable-looking o|x*rations, if they are 
carefully done, is small, and need not exceed 5 jier cent. 

Ediott insists that the most important factor is the })osition of the patient 
on the operating table. If the patient is placed on a horizontal table with 
his legs over the sides supported by chairs, the mass can be rolled to the 
opposite side, and this does away wdth the need of a rubber tourniquet. 

Early cases of elejihantiasis of the scrotum who are still subject to attacks 
of fever with lymphangitis and cellulitis which involves the skin of the penis 
and scrotum, require to be handled in a different manner. In these cases 
enough skin should be saved to cover the test<;s, and one should remember 
that the more skin taken, the less likelihood there is of a recurrence. 

Elephantiasis of the arms. — This is coniparatively rare. 
Allowing for the differences between the upper and lower extremities 
as regards gravitation of fluids, the symptoms and pathology of ele- 
phantiasis of the arms are the same as those of elejdiantiasis of the 
legs. Beyond the judicious employment of massage and elastic 
bandaging, little can be done in the way of treatment. (Fig, 148.) 

Elephantiasis of the vulva and mammae. — Elephantiasis of 
the vulva (Fig. 149) and mammae (Fig. 150) is still rar(‘r. Where 
growth has become inconveniently large, the diseased tissues should 
be removed. Instances are on record in which the integuments of 
the mammae have beconie so thickened, heavy, and elongated that 
the organ has descended to the pubes, and even to the knee. One 
such tumour weighed 21 lb. after removal. Tumours of the labia or 
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of the clitoris, similarly, may attain a great size — 8 or 10 lb., or 
even more. 

Elephantiasis of limited skin areas. — Corney stated that 
pedunculated elephantoid tumours, springing from the groin or from 
the anterior surface of the thigh, were not uncommon in Fiji. One 
such tumour which he removed weighed 20 lb. Daniels saw, both in 
Fiji and in Domerara, several cases of this description. 



Fig. 148.— Blephantiasis of right arm and hand in a Fijian. {Grig.) 

Filariasis and elephantiasis due to Filaria malayi. — It is 

claimed that the disease produced by this species differs in some respects 
from that produced by Wucliercria bancrofli, a fact that has recently 
been rtH"ognized from the work of Poynton and Hodgkin. F. malayi 
is endcanic in Malaya in the low-lying riverine areas, where the rivers 
run into the sea. The microfilaria-rate in the natives living in the 
vicinity of swamps is 9-8 per cent., which is about the same as the 
elephantiasis rate : as in tb«' case of IT. bancrofii, Die liability to infection 
incr(iases with age. 
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Adenitis is the earliest detectable lesion and takes the form of 
enlarged glands ; inflammation of the groin-glands is frequently seen 
in children. Lymphangitis is also a familiar phenomenon and has a 



Fig. 149. — Elephantiasis of vulva. Fig. ISO.— Elephantiasis of mammae ; 

{Photo : Dr. Walter //. B. left leg and foot also affected. [Photo: 

Macdonald.) Dr. Davie.i, Samoa.) 


definite periodic character which is regarded (possibly correctly) as 
negativing its streptococcal origin, but whicdi is more probably 
correlated with periodic parturition of the female worm. Elephantiasis 
due to Filnria malayi is of a low-grade character, is invariably confined 
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to the legs, and is usually unilateral. There appears to be great 
variability in the rate at which elephantoid lesions are produced. In 
highly infected areas it is seen in comparatively young people, especially 
in males, though it is typically a disease of adult life. Microfilariae are, 
as a rul(‘, found only in 5 jXT cent, of cases. 

Medicinal treatment of filariasis.— It jmist be confessed 
that, at pr(‘S(“!)t. tluTe is no drug known to be specitic for \V. hancrofti, 

Andcu'son in liritish (hiiana found that certain antimony ('omj>ouiids, 
such as the ((jlloidal ])reparation known as Oscol stibium” (Oo-l c.c.), 
yiven intraniuscularlv (‘very other day, definiUdy inhibit the number of 
eirculatim.': microfilariiC, and so doc.s sodiuni*antimony tartrate*, if given 
intravenously in therapeutic doses ; but the effect is not permanent. In 
septic (conditions, vaccines are of distinct benefit, while sulphanilamides, 
(‘speeially prontosil luhrum and proseptacine, are specially indicated under 
nuKlern conditions. 

Prophylaxis of filarial disease. — The prevention of filarial 
diseas(* r(*solv(‘S its(*lf into antimosquito measures and protection 
from m()S(iuito-lute. Unprotected wells, tanks, or stagnant pools 
must not be pc'rmittod in the neighbourhood of dwelling-houses. All 
vessels used for storing water .should be emptied at least once a week. 
The mosquito-net is indispensable in filarial as well as in malarial 
counirit's. In tin* Vaeilic Islands, esp(H*ially in tin* (iilbert and Ellice 
group, a very consicU'rable nnluction of filarial incidence has taken 
place* following upon O'Ccmiior's recomniendaticm. He advised cutting 
down the thick undergrowth, thus giving passage to the Trade Winds 
which blow away the* spe*cial niosqnitoe‘S {Aeries variegatus), and destroy- 
ing their l)re*e(i*ng-plaee‘s. Hurning empty coconut shells and tilling up 
holes and cavities in the trunks of the coconut trees has been beneficial. 

Sweet juid Pillai ri'cord a successful campaign waged against the 
intermediary mosquito of Filaria maJagi — Mnnsonioides an 7 iulifera, and 
the plant IHstia siraholes ; this latter they succeeded in clearing from 
North Travancore, with the* consequent elimination of filariasis from 
that area. 

The sul)j(H*ts of filariasis should be n'garcbnl as dangers to 
themselvi>s and to the community, and bo compelled to sleep un(h*r 
mosquito-nets. 


II. FILARIASIS DUE TO LOA LOA 

History and geographical distribution. — The embryonic form 
(microfilaria diurna), which closely resembles microfilaria hancrofti, 
was described by Manson in 1891 ; the patient from whom the specimen 
of blood was derived had formerly had an adult Loa loa in his eye. 
Later, association was established between L. loa and the disease 
known as C'alabar sw(*llings, and also between that disease and inicro- 
lilaria diurna. 



778 PARASITES OF THE LYMPHATIC SYSTEM 


Loa loa is widely distributed in West Africa from Sierra 
Leone to Bengiiella, and is especially common in the Cameroons 
and on the Ogowe River ; its distribution is, however, mainly 
confined to the coastal plains and follows the course of the 
Congo and its tributaries to a point about 1,500 miles from its 
mouth (Map VI). 


/Etiology. — A minute description of the adult loa is given in the 
Appendix, p. 957. Here it suffices to say that it is 30 mm. or more in huigth, 
the female being, as a rule, considerably longiT than 
her jmrtner (Fig. 151.). The cuticle is embossed 
with nunu'rous characU'ristic j)rotuberances. 

Structure of the embryonic form. — xMicro- 
filaria loa (= diurna) is vc^ry similar in size (298 fi 
by 7-5 /x) and structure to microfilaria bancrofti. 
Ijikc the latter, it is enclosed within a “ sheath,” 
its tail is ])ointed, and it has the same V- and tail- 
spots. (Fig. 128, 2, p. 744.) 

The periodicity is the exact reverse of that of 
microfilaria bancrofti, for the embryos ap{)ear in 
large numbers in the jMTipheral blood during the 
daytime and disappear at night. The j>eri(Kiicity is, in fact, diurnal (Chart 28). 

The respective periodicities are very characb'ristic more so, apparently, 
in the case of microfilaria loa than in that of microfilaria baiK'rofti ; for 
whereas by inverting the sleeping habits of a subject of F. bancrofti infection 
it is easy to invert or disturb the |)eriodicity of the microfilaria*, this has 
not been done easily in the case of microfilaria loa, although several exjxiri- 
ments have been made. Probably it takes j)lace gradually as for instance*, 
when th(^ patient travels round tlu* world. 


Pig. 151. - Loa loa. 
Nat. size. 



Chart 28. — Diurnal periodicity of microfilaria loa (mf. diurna). (Orig.) 

The numbers in the first column are those of the microfilariae jicr 16 c.mm. of blood. 


Life-history . — In early editions of this work Manson called attention 
to the mangrove fly, Chrysops dimidiaUi (Fig. 328, p. 1002), as a possible 
intermediary, on account of its diurnal and bl x)d -sucking habits and local 
distribution. This conjecture I.<eiper, and later Kleino and Connal, have 
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asiiertained to bu well founded. Development takes place in the thoracic 
muscles and fat- body of C. diinidiata and C. silacea. 

It would appear that after the larva lias entered the human body, develop- 
ment is very slow, and that probably full maturity is not attained until after 
several years. In many eases the parasite does not show itself until three, 
four, or four and a half years after the patient has left the endemic area. In 
one easf3 the parasite was extracted from the eye thirteen years after the patient 
had left Afri(!a ; in another the worm or worms appeared at irregular intervals 
during fifUien years. Manifestly it is long-lived. An interesting and 
suggestive evidence of slow development is that, while the immature active 
worm is often seen in children, the embryonic form in the blood is found as a 
rule only in adults, it may be as long as seven years from the time of the 
original inf<M‘tion. 

This slow development of L. Ixxi would seem to account for the v^ery 
frequent failure to find the mierofilarite in th(‘ blood in cases from which mature 
parasite*s hav(‘ been extracted, a circumstanc^e which has Im'cu brought forward 
as an argument against the theory that the diurnal microfilaria is really the 
offspring of L. Im. 

As yet it is impossible to estimate accurately the nuinl>er of adult loas 
present in any given infection, although in adv'aneed cases some idea of this 
might be got f rom the number of microfilaria? in the peripheral blood. As a 
rul(\ it is safe to (conclude that the particular loa that may show itself about 
the eye or elsewliere is only one of many. Thus, in llt()3, Brumpt, at the 
})ost- mortem of a negro whose blood contained microfilaria?, found in the 

tissues of tlie heart five adult worms. 
Four of these were cretified, but the 
fifth was alive and contained embryos 
similar to those in the blood. 

Pathology. — As already 
stated, L. ha, during the period 
of its growth and development 
in man, makes frequent excursions 
through the subdernial connective 
tissues. It lias lieen noticed very 
often beneath the skin of the 
lingers, and it has been excised 
from under the skin of the back, 
from above the sternum, from 
tlu! left iireast, the lingual fnenuin, the loose skin of the penis, the 
eyelids, the conjunctiva, the anteiior chamber of the eye, and also 
tile scalp. The parts most freipiently numtioned are the eyes, and, 
although the worm may attract more attention when in this situation, 
it d()(‘s seem as though it had a decided ])redilection for the eye and 
its nt‘ighbourhood (Fig. 15*2). A pathait of Manson’s once stated that 
the avtTage ratt‘ at which a loa travelled was about an inch in two 
minutes. Doth he and others havt^ observed that warmth, such as 
when sitting ladore a tire, seems to attract them to the surface of 
the b^'dy. Chesterman on tlie Congo reports finding live adult, worms 
in 10 per cent, of all cases operated upon for hernia, (dephantiasis, 
etc. Cretitied worms, too, are frequently encountered. Whether alive 



fijc. 152. — l.oa loa in the eye. 

(. 1 ftrr Fiillt horn . ) 
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or dead this parasite evokes a high eosiiiopliile response, and an increases 
of these cells to 80, 40 and eveh higher percentages is commonly met 
with hi Europeans who have resided in tin* endemic districts in Southern 
Nigeria. 

Symptoms. — As a rule, the migrations of the parasite give rise 
to no serious inconvenience, but they may cause prickings, itcliing, 
creeping sensations, and, occasionall 3 % transient oedematous swellings 
(Calabar swellings) in various parts of the body. When the parasite 
appears under the conjunctiva it inay^ cause a considerable amount 
of irritation and congestion ; there may be a(*tual pain even, associated 
with swelling and inability to use the e^^e and, perhaps, tunudaction 
of the eyelids (Fig. I a8). Sliould a loa wander into the vicinit y of such 

a situation as the rima glottidis, or 
the urethra, the consequ(*nces might 
be serious. (Ireat pain is sometimes 
caused bv the wanderings of this 
parasite in that region as w(‘ll 
as in the n<M*k ot the bladd<*r. 
Occasuinally, t(»o, as (da'sterman has 
record(‘(l, the deatli of the ])arent 
worm mav cause a localized abscess 
to form in the groin or axilla, and 
the Editor has seen two of th(‘sr 


Ca la h a 11 S w L 1 . 1 N a s 
Under this name Thornpstone 
originally described certain fugiti\e 
swellings which are of frequent oc- 
currence in natives and Europeans 
rig. 153 . -Calabar swelling of right ahke in parts of tropical West Africa. 

eye. (Orn/.) The swellings are about the size of 

halt a goose I'gg, painless, though 
somewhat hot both objectively and subjectively, not pitting on prt'S- 
sure, and usually disappearing in about three days. They come 
suddenly and disappear gradually, and occur in any ])art of the bod}^ 
One swelling occurs at a time, but recurs at irregular iiderv ils and, 
it may be, for many years after the patient has returned to Europe. 
In some instances the swellings seem to be induced by the rubbing 
provoked by the irritation accompanying the presence of a loa just 
under the skin ; in other instances they develop spontaneously^ Wlu*n 
occurring in the hand, or about the forearm, they may give rise to 
a sensation of powerlessness and soreness, as if tlu^ ])art had r(*ceiv(Hl 
a blow. They never suppurate. (Fig. 154.) 

Although in a largo proportion of cases L, loa (‘mbryos cannot 
be found, in a number of others (dther thc^ parent worm has shown 
itself in the eye or its microfilariae have been detected in the blood. 
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The latter circunistance, together with the g(‘ugraphieal feature of 
the endemicity of these swellings and their clinical characters, makes 
it practically certain that they an^ produced by L. loa. ^lanson 
believed that the swelling iniglit l>e caus(?d by th(‘ einission of her 
larvje by a partait loa into tlu^ conneclive tissue, but it was nicognized 
by Fulleboni that tlies{‘ sw»‘llings r(‘[)res(*nt an all(U’gic r(‘a(*tion on the 
j)art of the tissiK‘S iji respcjnse to tin* filarial toxins. 

The rt'ciirrence of ('alabar swellings on the arm or leg appears to 
give ris(^ to induration of the fascia and connective tissue in the vicinity 
of the tendon-sheatlis. In two cases the Editor has observed per- 
niaiKMit circular cyst-lik(‘ swellings wiiich may cause pain on muscular 
mov(‘ment. Apparently these swellings are attach(‘d to tlie tendon- 



PIr. 154. Calabar swelling on dorsum of hand in a European lady from 
the Congo. [Or'nj.) 


sheaths ai»(l iimscular a jaaieuroses. Solid o-dema of one leg |>ersisting 
lur six wei'ks has Ix'eii observed in a European from Wi'st Africa wlio 
bad been infect ( mI for a number of yi‘ars ; hvdroceb^s also liave been 
nottxl l)y till* tElitor (Fig. 155.) 

UrticAirla and denuatiiis of a particularly irritating form are some- 
tinu's found in hlaria cases. The dermatitis, which can be controlled 
by heli(jbrom (see jn 787), is analogous to that found in onch(H*erciasis. 
As in infection with W. hancrojti, multiple intramuscular abscesses, 
due to staphylococci or streptococci, and even purulent infections of 
the hip-joint may la' found in association with l.oa loa. 

Treatment. -Falabar swellings are notoriously ditiicult to treat 
('ffectiv(‘ly. Th(‘ irritation can best be allayed lyy evaporating lead 
lotion, or by heliobrom in alcohol. Fairley has recently employed a 
desensitization method with increasing strengths of Dirofilaria antigen, 
connmaicing witli 0*5 c.c. of llie extract in normal salini', and gradually 
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increasing the amount to 5 c.c. or more, with some apparent measure 
of success. Do Choisy and others have assorted that the infection 
may to some extent be controlled by injections of antimony, (^g., 
tartar emetic ; and it is claimed that in some cases Calabar swellings 
can be successfully treated by employing anthiomaline intravenous 
injections every other day, employing 3 c.c. of a G-per-cent. solution. 

III. HUMAN ONCHOCEHCJA8IS 

History and geographical distribution. — Onchocerca volvulus 
was originally discovered by a German medical juissionary in negroes 

(if the Gold Coast. The con- 
lahuMl parasit(‘ was named 
Filaria volvulus by ]jeu(*kart in 
1898. Ulanchard, in 1899, d(‘- 
inonstrat(‘d th<i parasite lyiiig in 
a lyni})hatic sjijiet' in a tumour. 
It occiii-s sporadit’iilly through- 
out the wlioli* of the Congo 
basin, but (‘Specially on tht^ 
Oelle, Kibali, and Itimbiri rivt'rs. 
It has b(‘(‘n ()bs(‘r\«nl in Nig(‘ria 
(Hest and Parsons), in tbo Cana*- 
rooiiS ( Piilleliornj, in Senegal 
and French (iuinoa (('lapier), 
in I ganda ((’ook), m Kenya 
( Kakaniega — Harley- Mason), in 
'ranganyika, in Nyasaland, and 
in the southern Sudan (Pahr-(‘l- 
Ghazal. — Pryant) (Ma]» ^'l). 

In 191 r> ilol)l(‘s d(‘scrib(‘d (). 
volvulus as ])(‘ing of common 
occurr(*nce in Guatemala. Cal- 
deron (1920) has defined the 
endemic zones as being in the 
departments of Sacatap6quez, 
J‘^scuii]thla, and Solola, at an 
altitude of 2, 800-3, GOO ft. It is suggested that the parasitic was 
imported by negro slaves from Jamaica, though Brumpt regards 
it as a distinct species — 0. ccpcutiens, “ the blinding tilaria ” — mainly 
on account of its association with a curicms piinctate keratitis, minor 
distinctions in the morphology of the male [)arasite, the pr(‘dilection 
of the tumours for the head, and the endemic zone of the disease 
at an altitude of 600-1,200 metres. De la Torre has dfjscribed oncho- 
cerciasis as being common in ^Mexico, ovor 15,000 cases in the Stat(' 
of Chiapas and 5,000 in Oaxaca being kr )wn. Now Strong, Sand- 
ground, and Bequaert (1984) in their monograph on onchocerciasis in 



Fig. 1 55. — Hydrocele and solid (edema of 
right leg in L. loa infection from West 
Africa. {Kditorfi cn.sc.) 
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Central America, have confirmed the morphological identity of 0. 
volvulus and 0. ccecutiens. In riuatemala onchocerciasis occurs en- 
deniically in those districts in whicli coffee* is grown, from ‘2,800-3,000 ft., 
especially in the Indian population. 

^Etiology. — The worms are white in colour and filiform, tapering at both 
ends. They vary cronsiderably in length, the femak*, as in all the filariai, 
being mu(3h the longer (3o-40 cm.). At least four males and two females 
are prestmt in every 
tumour. The unsheathed 
embryos measure about 
300 /X in length.' 

Life-hiMorij. — Embryos, 
presumably those of O. 
volvulus, have been found 
in the jx^ripheral circula- 
tion by Fulleborn, Simon, 

Ouzilleau, and Koden- 
waldt. The microfilariae 
occur round the j)erij)herv 
of the tumours, and are 
ingested by the jinja-lly 
{Simulimn (hnnnosuju), in 
the thoracic muscles of 
which they undergo a 
development similar to 
that of ir. Ixm croft {{hhick- 
lock). In South America 
the definitive hosts an* 

E u s i in u I i u in o rid ji in 

( inetalliru in ),E. ochraccu in , 
and E. rnooseri. 

Cibf)ina and Lcewen- 
thal luive now shown that 
in VicU)ria Nyanza district 
of Uganda the distribution 
of cutaneous onchocer- 
ciasis coincides with that 
of Simulium dainnosum. 

Pathology and 
symptoms. — 0. rolrulus is found in peculiar subcutaneous fibrous 
tumours, the size of a pea to that of a pigeon's egg. 8'be same 
patient may present one or several of these tumours (Fig. loth. The 
regions of the body most frequently affected ar(‘ those in which the 
peripheral lymphatics converge. Thus the tumours are usuall}' found 
in the axilla, in tlie popliteal space, about the elbow, in the sul) 0 ccipital 
region, aiid in the intercostal spaces. In their incipient stages they 

* Ma' fio and C'orson report that in the Gold Coast natives niivrotilaria? arc commonly 
encounU'rod in sections of the skin. The embiyos. they believe, are referable to a new species, 
Agamofilaria sfrtptocerca {aee p. 9^5), distin^juishable from those of 0. volvulus. The presence 
of this filaria is associated in some with a lichenoid condition of the skin. 



FiR. 156. Onchocerciasis from the Congo. 

{I)r. (\ C. Clit<dcnn(i n .) 
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are the seat of very considerable pain. Periodic recurrences of symp- 
toms are attributable, accordiii'jj to native belief, to the lunar cycle, 
occurring almost every fifteen days. Ifi the South American form 
the occipito-frontal and temporal n^gions worr not(‘d to be most 
usually affected. Strong found in Ste. i^hnilia, (Jua((*niala, 54 per 
cent, of the inhabitants infected with 0. ccecutiens. 

The tumours are situated on the lu‘ad usually tlie scalp measuring 
6-20 mm. rarely as much as 30 mm. In tliis situation tlic tumours may 
cap the skull and from them the adult \Aa)rms may he obtaiiu'd entire by 
digesting the tissues with papaya juice or papaine in 0-2-j)er cent. H(d. 
The tumours are never adherent to the surrounding structures and can be 
easily enucleated. They are formed of a densf? mass of connective tissue, 
which enwraps the parasites and encloses small cyst-like spaces filled with a 
greyish viscous substance consisting almost entirely of microfilariae The 
position of the adult worms within these tumours is very remarkable. The* 
greater length of the coiled-up bodies of the females is emb(‘dded in the con- 
nective stroma ; consecpiently they cannot be extracted unk^ss in fragments. 

Though most commonly found in adults of mature years, Strong 
has seen volvulus tumours in a child of two months, and he has found 
that they often give rise to neoplasms. Sometimes, however, (‘Sjx'cially 
in Europeans, the embryos nuyy exist in ]argt‘ numbers in tb(‘ skin 
without any ascertainable nodules. 

Robles reports tliat tumours of the scalp may j)roduce epileptiform 
attacks in Colombia, due to perforation of the cranium ])y tumours 
of the periosteum. Erysipelatoid skin-rashes (known as “ l^jrisepela 
de la costa,’') are common in the South American f(3rm. 

Lymphatic enlargement of the scrotum, hydroceles and enlarged 
testes have been noted by Dyce Sharp in ])atients infected with O. 
volvulus, while the embryos can be demonstrated in hydrocele fluid, 
as well as in a^dematous lymphatic tissue. On the Congo, Ouzilleau 
has described elephantiasis of the scrotum and the legs in association 
with this parasite, and Chesterman has confirnicd these observations 
on the Congo. As in IV. hancrqfii infections, localizi'd al)scess formation 
also occurs in 0. volvulus, and several dead female worms have been 
removed from a number of abscesses. The elephantoid scrotum due 
to 0. volvulus is convoluted like a brain, with the subcutaneous tissue 
more solid and less oedematous than that commonly attributed to 
W. hancrofti, and the embryos of 0. volvulus are found in the skin. 

Dejou (1939) has descril)ed acute arthritis in onchocerciasis in 
French West Africa. Microfilariae can be demonstrated in the synovial 
fluid obtained by joint puncture, and it should be examined soon aftt?r 
withdrawal. In these cases filarial nodules can be found in the cruro- 
inguinal region, in the popliteal spaces, and on the costal margins. 

Skin symptoms . — It is a very interesting point that a dermatitis 
(xeroderma) or lizard skin (Rodhaiii and Dubois) is commonly asso- 
ciated with 0. volvulus infections, especially in Europeans. The skin 
affection is described by some as lichenoid and is more easily visible 
on the back (Fig. 1 57). It is usually seen m Houth American cases, but 
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siiow's up ujucli hetttU' ill EurupeaiiH thau in dark-skinned natives. The 
skin is tbiekened as well as wrinkled. Fulleborn has described these 
cases in (ieniian colonisbs from ]\I(‘xic<>. d'his is the condition termed 
hrJien by Ma(die and (’orson in csf Africa, and firh’rodevDKt by Ouzilleau. 



Fig. 157. -Lichenoid eruptions of onchocerciasis. {After Fiilhhorn.) 


H(‘current inllainmatiuns of the skin, wIumi on the face, often result 
in enlar^enuuit of the }unna of the ear. 

in thes(‘ tlu^re is a dehniti' dermatitis witli discoloured patches 
of skin on the neck and back, with xeroderma, especially of the elbows. 
Associated with these skin changes the patient experiences terrible 
pruritis, especially at night-time. 

Usually several onchocerca nodules can be found in the deep sub- 
cutaneous fascia, and when excised, the adult worms can be 
50 
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demonstrated, as can the living embryos, by teasing a snippet from 
the surrounding skin (Fig. 158). Quite commonly the patients suffer 
from pliotoph()l)ia and some aberrations of vision. Tlu're is usually 
an eosinophilia of about 85 per c(‘nt. 

Eye lesions . — In 1918 Pacheco Luna sugg(‘sted that 0. volvulus, 
ill its migrations tlirough the body, was resjionsible for a ])eculiar 
form of keratitis punctata gommonly found in (luatemala. Calderon 
suggested that it produces lesions of th<‘ iris and corm'a as well. 
Similar eye lesions have been describ(‘d amongst tli(‘ Congo negroids by 
Hissette. Photophobia, xerosis, and imiiaired vision r(‘sult, or th(.‘ 



Fig. 158. — Pholomicro. of microfilaria of O. volvulu^s in subcutaneou.c 
tissue. Note absence of tissue reaction. 

{Dr. P. H. Martin, Editor's case.) 

pupil may become obliterated and conipkde ldindnc‘ss ensu(\ Inter- 
stitial keratitis, keratitis punctata, and uveitis associated witli pannus 
are other lesions whicli hav(‘ been described. It is to be noted that 
keratitis punctata is not regarded as specitically characi-eristi**, but as 
an epiphenomenon (Fig. 159). In the acute stage eye h^sions are 
associated with erysijxias of the face and ear, neuralgia, and pyrexia. 
The chronic form is characterized by oedema of th(.‘ fac(‘ and a gri^yish 
pigmentation of the skin. Tho skin sym[)toms have j)j‘riods of 
exacerbation every fifteen days. Further studies have now been 
made by Strong and Sandground in Guatemala (1934), 

Silva has found microtilariaB in th(‘ choroid and the posterior 
two-thirds of the cornea in sections of tlie eyes, and thi^se findings 
could be confirmed by seeing microfilaria actually creeping on the 
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corneal surface, and they can be found in the anterior chamber and in 
the iris, as they are })hototropic and are visible by the corneal micro- 
scope, as r(*cord(?d ])y I^oase (1985) and ^lexican oplithalmologists. 
Entropic vision of f lie eml)ryos crossing tie? visual hf'lds is by no means 
uncommon. ^Jdie j)amius of onchocenuasis ultimately causes blindness, 
and also pigment ( h 1 choriodo-rfdinitis, as described by Hisette. Un- 
fortunately, rianoving the operabh; tumours does not eradicate the 
diseases because^ n(‘W ones torm. In Mexic() City, wluTe the disease 
cannot spn'ad, microfilaria* can still l>e found in tin* skin yt^ars after the 
])rimary ojx'ration. Th<* (‘y(‘ l(‘sioiis are late manifestations of 
onchoc(‘rciasis, and are rarely seen in children. 

It is also ap})arently triu* that the greater the distance la'tween the 
eyes and the localization of tin j^lult })arent lilaria*. the longer will 
be th(^ delay in th(‘ d(‘\ elopniei]t 
of ey(3 lesions. ji 

Diagnosis. -The diagnosis U 

is made by snipping oil a pieci* 
of skin with forceps nt*ar an , / 
onchocerca nodule, placing it in 
saline solution for 15 minutes 
at 37° C., centrifuging and thcii 
pipetting off the bottom layt'r 
with the microfilaria* which have 
(‘scaped from th(* tissiu'S. The 
embryos art* definitely thermo- 
tactic, and ai’t* attractvd by heat 
to the surfac(* of flu* skin : thus 



demonstration of th<* embryos 
is b(‘st efft*ctt*d by placing hot 
fomentations on tie* skin, and 
tht‘n taking off shavings by 
means of a Thiersch razor. 


Fij*. 159. Ocular onchocerciasis from the 
Congo, showing punctate keratitis and 
lateral formation of pannus. (//iWeWe.) 


\Mi(*n th(‘S(* are plact*d in warm ])hysiological salim* solution, the 
embryos can be easily dt*ttHded. The only practical measure to 
alleviate pruritis is heliobrom (Dibromotannic ur('a) 10 per cent, in 
spirit — vini reefifirati (T. Teichgrad)er, Berlin), ap})lied to the skin 
at night. 

Infradermal tests . — These tests have been carried out by Flilleborn 
and by Eodhain and Dubois with dirofilaria antigeii {see p. 755). The 
results have not been as satisfactory as in other filarial infections. 


Serological leacticm in onchocerciasis. -Van Hoot has employed a com- 
plement-deviation test for onchoceriasis, based upon the same principles as 
other similar tests in tilariasis and ht* considers that it has done much to 
nmiove uncertainties regarding the pathogenic action ot this parasite. 

In the preparation of the antigen, the tightly-j>acked mass of adult 
parasites is retained when dissected out of tlu* <*yst. 'flK* tilaria* are then 
cut into thin slices and [)laced in a desiccator over sulphuric acid, and when 



788 PARASITES OF THE LYMPHATIC SYSTEM 


dry they are extracted with ether at 25^ C. — a process which occupies several 
days — and are subsequently dried and extracted with alcoliol for ttui days. 
The best extracts have an antigenic titre of 1 : 25. It is claimed that the 
test when put up by the Calmette-Massol techniqiu^ is so spedfic that neither 
]joa loa, A. perstanny nor intestinal helminths are able to vitiate it. Th(‘ 
antibodies thus demonstrated are present in serum, cerebro-spinal fluid, 
synovial fluid and o'dematous exudates. 

The observations so far made on the jio.sitive reactions in this test are 
in favour of the view that certain forms of elepliantiasis in th(‘ Congo are 
manifestations of onchocerciasis. 

Treatment. — In the African form the funiours appear fo be 
painless, and may be removed by excision. In tlu^ Sonlli Anu'rican 
form, removal of the tumours under cocaine anesthesia is said to 
bo followed by an improvement in tlie ocular (*onditions witliin a 
week or thereabouts. Adams (lildS) stattal that in th<- case of a 
European from tlie Katanga jirovince of tie* Congo intravenous 
injections of neostibosan arrested prognss of the corm'al opacities, 
but in a comparable case observed by tin* Editor, no improxaMiuait was 
noted, so that antimony thera]>y had to l)e discontinmMl. HotTmann 
states that atebrin in large doses lias achiev(‘d a rej)utati()n in Mexico 
as a valuable therapeutic agent. 


IV. DEACONTIAHLS 

Synonym . — ( i uinea- wor 1 1 1 . 

Geographical distribution. This important parasite, Uracun- 
rnltis niedinensis, is found in certain parts of Africa and India, and 
appears to have been imported into America. In Africa it occurs in 
the Valley of the Nile, Lake Chad, Bornu, and \\'t‘st Africa ; it has 
been observed in Uganda, but not in tin* Congo basin. It is also 
found in Persia, Turkestan, Arabia, and in a very limited })art of 
Brazil (Feira de Santa Anna). Formerly it was su])})os('d to be endemic 
in (aira^ao, Demerara, and Surinam. Dracunculus is not (equally 
diffused throughout this extensive area ; it tends to special prevalenct* 
in limited districts, in some of which it is excessively common. In 
jiarts of the Deccan, for example, at c(*rtain seasons of the y ^ar nearly 
iialf the population is affected; and in plac(‘s on the Wb^sf CoiiA. of 
Africa nearly every negro has one or more specinums about him. In 
Europe, guinea-worm is seen only in natives of, or in n‘Cent visitors 
from, the endemic areas. In North America, according to Chitwood, 
it has been found in the silver fox {Vulpes fuJva), the racoon (I^roci/ov 
lotor), and the mink {Putorius vison), but never in man. In Asia 
and Africa the parasite^ is widespread amongst th(' carnivora. 

iEtiology. The pfdutiite. — d'he male weim has only laiely been found 
(see p. 967). The female measures about 22-5 era. to 1 m. 2U cm. in length by 
1-5 mm. in diameter. The embryos are somewhat llaltened, with a tajicring 
tail, and moasun^ 0-5-t)-75 mm. in length b 3 ^ 0 01 7 mm. in breadth. 
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LtJe-huionj.—The embryoK of JJ. niedincnsis are shed iid/o water and, 
swimming about actively, enter the body-cavity of a fresh-water crustacean, 
(\i/cl()}hs fjuadrirorni.s, or an allied species, in which it develo])s until a length 
ol 1 mm. is attained. (For cUdails, ,sre Ajipendi.x, p. 968.) 

Mode, of itifertion. — ^The metamorpho.sis of D. medinensis in oy clops was 
discovered by Fedchenko in Turkestan and .sub.se quently confirmed by 
Manson in England ; but, owing to the colder climate of this country, the 
metamorphosis tak(‘s longer to complete— eight or nine weeks, instead of 
five w(‘eks as in d’nrk(*stan. Fcalchenko supposed that the f*yclops, con- 
taining the larva' of the guira-a-worm, on being swallowed by man in drinking- 
N'vaU'r, was dig(‘sted, and that th(‘ ]>arasit(*, btdng then set free, worked its 
way into the tissiH's of its lu'w and definitive host. 

Later, l.,ei})er showed that when an infected cyclops is transferred to a 
0-2-per-cent, solution of hydrochloric acid it is immt:‘diatelv killed, but the 
larv;e, so far from b(fng destroyial, are arou.sed to great activity, and even- 
tually csrapi' into the fluid, in which they swim freely. From this he con- 
j(‘ctiire<l that under natural coialitions man Ix'comes infected through the 
ingestion of cycloj)s containing these worms, the gastric juice acting on 
cyclops and larva in the same way as the hydrochloric; acid in his exj^rirnent. 
In order to prove this he fed a monkey on bananas concc'aling cyclops which 
laid Ik'c'h inh'ctcd tor five* weeks, and which contaiiu'd fully-developed 
larva*. Six iionths latc'r, when the monkey died five worms were found 
in its connective lissu(*s, all pos.se.s.sing the anatomical characteristics of 
/>. nodnH nsis. 

Tin* evidence is now fairly complete tluit tin; life-.s])an of the female 
dracuiu’ulus before sIk* app(‘ars on the surface of the body, extends to 
about oin* y(‘ar. it is not to be su))posed that ever}' specie's of cyclops 
is an (*fb*ctive int(*rnn*diary : if this were the case, guittea-worm infection 
would have* a much wi(h*r geographical range. 

Pathology and symptoms. — The parasite, on attaining maturity, 
inak(*s for tin* legs and feet ; tliese are the parts of the human body 
most likely, in tro])ical countrit's, to come in contact witli puddles of 
water, the mc'diuni in which cyclops — the intermediary host — lives. 
Tin* water-carrii'i’s in India are very subject to guinea-worm, which, in 
tln*ir case, is prom* to appear on the back— that is, the part of the body 
agijinst which tin* wat(*r-skin lies when being carried. One might 
int(*r[)r(‘t this by sugg('sting (hat tin* matun* guinea-worm, conformably 
to h(*r instinct, sei'ks out that part of the body most in contact with 
water, which, in tin* case of the Indian water-carrier, is his back. 

Occasionally the guinea-worm fails to pierce the integument of 
her host ; sojiietimes she dies before arriving at maturity. In either 
(;ase she may gi\ t‘ rise to abset'ss ; or she may become cretitied, and 
in this condition may be felt, years afterwards, as a hard convoluted 
cord under the skin, or be discovered on dissection. 

The haunt of the female guinea -worm is the connective tissue 
of the limbs and trunk. When mature, and prompted by instinct, 
she proceeds to bore her way through this tissue, travelling down- 
wards. In 85 per cent, of cases she presents in some part of the lower 
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extremities. Occasionally she presents in the scrotum or on the sole of 
the foot (Fig. 160) ; rarely in the arms ; exoeptiunally in other parts of 
the body, or even in the head. In a pro])ortion of eases the appeai’ane(‘ 

of tlii‘ worm at tla^ surface of 



Fig. 160. -“Guinea-worm emerging from 
sole of foot. {Editor s case.) 


1ln‘ l)()dy is preeedi'd ])y slight 
f(‘V(‘r and urticaria : tli(‘ oiisi't 
of the skin eruption is gem*- 
rally at night, before the* 
blisttT or otlu'r locali/ing signs 
an* not.(‘(I. Arriv(‘d at her 
d(‘stination, the* female W(jrm 
pierct*s the derma. In con- 
sequ(*nc(* of S(un(? irritating 
seen'tion, a small blister, con- 
taining, as a rul(*, numerous 
embryos, now forms and 
elevates the ('j)idermis ov(‘r 
the site of the hole in the 
derma. Fla* irritation dm; to 
this act causes a burning s(‘n- 
sation and induct*s the patient 
to imm(*rse his foot in water. 
By and by the blister rup- 
tun*s, disclosing a small su})er- 
hcial ('rosioii i in. in dia- 
meter. At tin* cauitre of the 
erosion, which sometimes 
quickly heals s])ont{meously, 
a minute hok*, large (*nough 
to admit an ordinary jirobe, 
is visible. Occasionally, when 
the blister ruptur(‘S, the head 
of the worm is st*en protruding 
from this hole ; as a rule, 
however, at first tla^ worm 
does not show. if now we 
doucla* the neighbourhood of 
th(' ulc(‘r with a stream of 
cold water ex])r(;sst;d from a 
s])onge and, as tlu* water falls, 
watch the little hole in the 
centre of the erosion, we shall 


see in a few S(;conds a drojdet 
of fluid — at first clear, later milky — well up through the hole and 
flow over the surface;. Bometimes, instead of this fluid, a small, 
beautifully pellucid tube, the uterus, about 1 nim. in diameter, is 
projected through the hole in response to tne stimulus of the cold 
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water. Apparently in this act the tissues of the head are exploded in 
order that the uterus iriav escape (Fig. 161). 

When the tube has been extruded an inch or thereabouts, it suddenly 
fills with an opaque whitish material, niptures, and collapses, the fluid spread- 
ing over the 8urfa(‘e of the erosion. If a little of the fluid, either that which 
has welled up through the hole, or that which has escaped from the ruptured 
tulx‘, be placed muh'r the mi(Tosf‘ojw‘, it is st*en to contain m 5 ’^riads of dracun- 
(ailus embryos lying coiled up, almost motionless, with th(fir tails projecting 
in a very characteristic manner (Fig. I (>2). If now a drop of water be 
instilled Ixdow' thf* (‘ovcu’-glass, the embryos may be observed to unroll them- 
a(*lv(?H, and, in a very sliort time, to swim about, more mo, w ith great activity. 
If the douching be nq)eated after an hour or longer, a further supply of 
embryos can be obtain(*d ; and this can be continued from time to time 
until the worm has emptied herstdf. Apparently the cold applied to the 
skin of the host stimulak'S the worm to contract, and thereby force out her 



Fig. 161. — Diagram of vesicle caused by guinea-worm, 
showing prolapse of the uterus in the act of dis- 
charging embryos into the biister cavity. 

(After Fuirlen and (den Liston.) 

uterus, inch by inch, until it is comifletely extruded. The repeated birth 
of a limited number of progeny each time the skin of the host comes into 
contact with water is therefore a wonderful f)rovision of nature. Aberrant 
forms of embryos have' been described by ^loorthy and Swet't (]). 967). 

The first symy)toms a]q>(\ar usually simultaneously with the beginning 
of the bliskr-formation and consist of urticaria, nausea, vomiting, diarrhoia, 
a.sthma giddiness and fainting and it is believed that they are due to ab- 
sorption of the toxin (‘initted by the w'orm to form ihe initial skin blister. 
The nature of the symptoms Htn>ngly suggest an anaphylactic reaction, and 
goats injeckd witli giiiiK'a-worm t'xtracts show' similar symptoms, while 
injections of adrenalin bring about ra])id improvement. Lakr symptoms 
result from the invasion of the ulcer by bacteria. 

Should the worm become injured or lacerated while lying in the sub- 
cutaneous tissues, severe local reaction may develop. The part becomes 
extremely painful, inflamed, and o^dematous, and celhditis, due tn secondary 
bacterial infection, may result, caused by the downw ard growth of staphylo- 
cocci and streptococci from the skin. Arthritis, synovitis, epididymitis, 
contractions of tendons, and ankylosis of joints have even been known to 
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ensue. In some patients, generalised systematic symptoms accompany the 
premonitory urticaria, such as pyrexia, giddiness, dyspiuea, and vomiting: 
and gastro-intestinal symptoms have been notetl during tlie early stages of 
guinea-worm infection, associated with an increase of eosinophile cells in the 
blood ; this is due to the absorption of a speeilie toxin, and alarming symp- 
toms may be produced in laboratory animals by intravenous injection of 
extracts of the adult draeiineulus and tlu' (‘inbiyos. 

That the cellulitis associated with guinea -worm is due to th(‘ excretion 
of toxins by the mature ])arasite lias Ikhmi sliown by KairU'V and ( JU'U Liston, 
who fiiiled to ])roduce any local or general reaction by subcutaneous inj(‘etion 
of the embryos themselves. Botreau-Lousstd and Huanl liave descnbi^d a 



Fig. 162. Embryos of l>. tnedi nen.'iis. (Pholonncro. Mr. //. !L lindou .) 


sjxjcific non- bacterial arthritis, especially of the knie- joint, associated with 
the presence of a guinea -worm in the vicdnity. 

Lester from l)ar-es-Salaam reports the (liscovery of an (‘utire guinea- 
worm found coiled in a hernial sac ; it was kept alive in the laboratory for 
twelve days aftcu’ removal. According to Trewn, guinea-worms may prescmt 
themselves after as long an interval as fifteen yc'ars from the time* of infec tion. 
Massive infectiems are also reported, and this authority has scam as many as 
o6 adult worms in one peoson at the same time;. 

Diagnosis. — This is, as a rule, sulfioic'ntly obvious. Tii cry})tie 
infections there is geiuTally an eosincjpliilia. Jf the worms cannot he 
seen they can lie felt undenic'ath the skin, in thos(^ cases in which 
both these methods fail, screcining wiUi the X-rays lias been found of 
use ; the injection of 2 c.c. of 10-per-cent, collargol into the; \vorni 
renders it opaque (Hiidellet, 1919). Effet< and calcilical worms are 
easily demonstrated by skiagraphy. (Plate XXVLI.) 
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An intradermal lest for diagnostic purposes has been introduced by Ramsay. 
The antigen is obtained by adding to 100 c.c. of ether 0-25 grin, of dried 
powdered guinea-worm, with frequent shakings at room temperature for 
two hours to remove the lipoids. The dried, ether-free residue is extracted 
with shaking for foin- hours, in I(X) c.c. of 0- S5-per-cent. solution of sodium 
chloride at \M V. SubstHjuent to centrifugation, it is passed through No. 0 
Seitz filter, and 0-25 c.c. of this is us(‘d for injection. A positive wheal is 
2-3 cm. in diameter, with outrunners. 

Sequelae of guinea -worm infection. — Subacute sterile abscesses 
are occasionally met with, due to premature death of the female 
1). inediucnsis, with the liberation of embryos into th(‘ subcutaneous 
tissue. The condition is diagnosed by the presence of a deeply situated 
fluctuating swelling, no communicating with the exterior. In synovitis 
and arthritis, tlu^ exudate may be serous or purulent. Generally 
there is an associated cellulitis, the synovial membrane being involved 
by direct spread through the adjaccuit tissu(*s. Permammt deformities 
are invariably associated with sepsis and a history of prolonged illness 
in the recumlxuit position. Bony ankylosis is rare. The joints 
mainly involved are the knee and the ankle, while the tendo Achillis 
and ham-strings are not infrequently contracted. Calcified worms 
may b(‘ sym])t()mk^ss but they have been found entering the knee- 
joint. Howev(*r, Connor (1922) has drawn attention to cases in which 
previously tlu^ diagnosis of chronic rheumatism, traumatic synovitis, 
periostitis, and sciatica hav(‘ l)een made, when^ X-ray examination 
n‘veak‘d calcified worms. 

Treatment. Formerly it was the custom, so soon as a guinea- 
worm s}iowt‘d luTself, to attach the protruding part to a piece of wood 
and end(‘a\()ur to wind her out by making a turn or two of this daily. 
Sonu‘tini(‘s th(\s(‘ attiunpts succ(‘eded ; just as often the worm snapped 
und(‘r th(‘ strain. The consequences of this accident were often 
disastrous. Myriads of young escaped from the ruptured ends into 
the tissiK'S, and violent intlamination and fever, followed by abscess 
and sloughing, ensued ; weeks, or months perhaps, elapsed before 
the unhaj)py victims of this rough surgery were able to get about. 
Too often s(*rious contractions and ankylosis from loss of tissue and 
intlamination, and even death from septic trouble, resulted. 

If a guinea-worm be protected from injury, and the part she occupies 
fn‘(iuently douched with water, her uterus will be gradually and 
naturally forced out inch by inch and emptied of embryos. Until 
this process is com})leted she resists extraction ; possibly the hook 
at the end of Iht tail assists her to maintain her hold. When, in from 
fifteen to twcuity days, parturition is completed, which can easily be 
ascertained by tlu^ doucliing experiment already described, the worm 
is absorb(‘d or tends to emerge spontaneously. A little traction, 
if praciised then, may aid extrusion. Traction, howeyer, must not 
be employed so long as embryos are being emitted. When located by 
X-rays and collargol, the worm may be dissected out (Hudellet). 
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The parasite may be killed by injecting her, by means of a syringe, with 
solution of bichloride of mercury, 1 : KXX) ; after twenty-four hours, ex- 
traction is usually easily effected. If the worm has not shown herself 
externally, but can be felt coiled up under the skin, the coils should be 
injected, through several punctures, with a few drops of the same solution. 
Fairley and Glen Liston advocate aspiration of the blister-fluid previous 
to extraction, followed by precautions to avoid sepsis. The surface should 
first be painted with tincture of iodine. After a j)eriod of forty -eight hours, 
they advise actual excision of the worm if lying convoluU^d in a limited sy)acti ; 
failing this, intermittent traction on the w^orm should be combined with 
massage. 'J'he subcuitaneous injection of 9-10 min. of 1 : KMX) adrenalin 
hydrochlorides immediately relieves the distressing prodromal symptoms from 
absorption of toxins such as urticaria and asthma. 



Fig. 163. — Diagram of removal of guinea<worm. {After Fairlci/.) 

To completes extraction of the w^orm, the ojxsrative procedure is dcscrilK*d 
in detail as follows : It is applicable whether a blister has formed or not, or 
whether a sinus is present. The skin overlying the worm at some distance 
from the guinea-worm ulcer is infiltratcsd with cocaine and adn^nalin (2 c.c. 
of 1 -per-cent, cocaine and 1 e.c. of 1 : 2(XX) adrenalin). An incision is made 
at right angles to the line of the worm through the ana'sthetized tissues. 
The whitish fibrous sheath of the worm being exposed, the sujx^rior surface 
is incised longitudinally and a small strabismus hook is inserKnl inside its 
interior. By those means the female D. medinenfiis is hooked out. The 
loop of the worm is held lightly in the fingers while intermittent traction and 
massage arc again employed. Should it be impossible to liberate th(‘ distal 
end of the parasite, a second incision is made over another palpable seg- 
jnent of the worm, and both ends of th(j central loop are now cut across and 
the intermediary portion removed. It is most important that tlu* proximal 
head portion of the worm should be removed through the sifuis, not drawn 
through the sheath in the subcutaneous tissues in the revers(i direction, or 
otherwise there will be pollution with organisms from the mouth of the 
sinus (Fig. 163.) 
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IntraveDOUs injectionB of tartar emetic appear to exert little or 
no influence upon the guinea-worm. 

It is advantagiuius to mention a native treatment which is practised on 
the (iold Coast, and has achieved a local reputation. The part of the leg 
or arm ])r(*senting the guinea-worm is rubbed first with olive oil and sub- 
sequently with m(‘rcurial ointment, daily and vigorously for a week or longer. 
This is said to kill the underlying worm, which can then be easily extracted. 

Prophylaxis. — From what has been stated with regard to the 
role of Cyclops, it is evident that prevention is merely a question 
of prot(‘cting drinking-water from pollution by guinea-worm patients. 
lj(‘iper has shown tliat, by raising by a few degn*es the temperature 
of the wat(‘r in which cyclops are living, these crustaceans are killed. 
He sugg(‘sts heating l)y a portable steam generator the water in wells 
and wat(T-hol(‘s known to be sources of guinea-worm infection. Alcock 
found that tht* addition of a trace of potash to the water is equally 
effective. In ^lysorc*, Moorthy finds that step-wells are the greatest 
sour(‘e of infection, esp(‘cially in the high-caste Hindus. When bar))el 
fish i]]ar})us JL iicfo, liashora donicnrnicus), which feed 

A oraciously on cyclops and also on guinea-worm larva.*, are introduced, 
the guinea-worm disa])pears. Otluuwvise the wells must be treated 
every fourteen days witli jwrrhloron (bleaching-powder substitute). 
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PARASITES OF THE LUNG AND LIVER 

1. PARAGONIMIASIS (ENDEMIC H.RMOPTYSIS) 

History. — This disease and the eharacteristie ap|>earing in the sputum 
of its subjects were described by Baelz and Manson in ISSO. Ringer, in 
1881, was the first to find the mature parasit(‘, which was aftc^rwards des(Tibed 
by (\)bbold under the name of Disiomum ringeri ; subse(piently it was recog- 
nized to be closely related to the previously descrd)ed Paragon hn us urster- 
ynaiiii of the tiger. The main features of its life-history and pathological 
bearings have been worked out since by Japanese observers, (’losely allied 
species are found in the j)ig, dog, cat, otbu’, and ichncumf)n ( svc A[)})endix, 
p. 901). 

Geographical distribution. -Paragoiiiiniasis occurs in (Jiina, 
Japan, Korea, Forniosa, and the Philippines. In many of the (‘ndeinic 
districts a notable percentage of the population is affect(‘(]. The f)ara- 
site which gives rise to this peculiar form of blood-spitting has been 
found in the United States in the cat, in the dog, and in the domes- 
ticated hog, but, so far, no cases of the disease in man have la^en 
reported from America. 

iEtiology. -The fluke, Paragonimns ringeA {wesUrmanii), is reddish-brown 
in colour, thick and fleshy, oval in shape, and measures S-20 mm. in length hy 
5-9 mm. in breadth. Development of the parasim f)roct‘eds in th(‘ fresh- 
water snail Melania, and thereafter the larva encysts in s(‘V(‘ral species of 
fresh-water crabs and crayfish, es]K‘ciaIly the mitten crab {Priocheir), a 
species which first found its way into Europe Um years ago. It is now almost 
universally distributed in the Rlbe and the Weser in North (iermany. 

The young parasites hatch in the ileum and in 24-42 hours they penetrate 
the intestinal wall near the j(‘junum, reach the })erit(>ncal cavity, and make 
their way to the diaphragm by penetrating the tendinous j)ortion. Pene- 
trating beneath the ])leura the larv® rea(;h and ])ierce the parenchyma of 
the lungs, where cysts are formed. In other organs th(‘V do not rca(*h 
perfect growth {see Appendix, p. 903). Man is infected by eating raw 
or improperly -cooked crabs, of which the Koreans are very fond, while the 
raw juice of crayfish is takcui as a medicane for diarrhoea and also lor whoo])ing 
cough. 

Pathology. — Th(3 lungs do not at first ])resent any unusual 
appearances but, on looking closely, small brown spots are thickly 
distributed over the entire surface of the pleura and many tumour-like 
swellings of a deep red colour, in which the parasites are situated, 
can be seen. On making a section of the lungs in this disease, a larger 
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or smaller number of what are known as “ burrows ” are discovered 
scattered about the organ, particularly towards the peripherj^ These 
burrows consist of areas, somewhat larger than a filbert, of infiltrated 
lung tissue in which can be seen a number of tunnels filled with the 
same material that constitutes the characteristic sputum, and also 
containing on(‘, two, or more small trernatodes. The septa between 
the tunnels may break down and a considerable cavity be thus pro- 
duced ; and as this occurs in connection with one of the bronchi, with 
which the tunnels always communicate, it may give rise to the appear- 
ance of a dilated bronchus. One burrow may communicate with 
another. It is estimated that the nurnher of eggs coughed up in 
twenty-four hours is over 13,000. ^i’uhorcle-bacilli and paragonimns 
('ggs are fre(|uently found together. 

Wluai first discovered, it was supposed that P. ringeri was confined 
to th(‘ lungs. AVe now know that it may affect the liver, peritoneum, 
testes, intestine, skin, muscle, and brain. In the brain it forms a 
sort of tunnelled tumour similar to those in the lungs. 

Ahisgrave, in his study of the pathology, points out that the peculiar 
bluish, cyst-like burrows of tin; parasite occur in many organs and 
tissues. The infiltration of the tissues by the eggs produces, especially 
in th(* serous membranes, little brownish-red patches sometimes 
visible to tlu* naked eye. 'J’Ik* intestinal mucosa is a common seat 
of infiltration, which gives rise to inflammatory reaction, eiKling in 
ulctTatioii and the a])pearanc(‘ of eggs in th(‘ tVeces. The eggs may 
find tlaar way into the sj)inal cru’d. as r(‘port(^d ])y Tlobertson, and 
product* in lih* a. transvtu'st* my(*litis. Xo fewer than 100 mature 
parasites liavt* Ix'on found in a j)soas abscess. 

Symptoms.— The symptoms generally begin so insidiously that 
it is impossible to fix their onset with accuracy. The subjects of 
endemic luemoptysis have a chronic cough, and a vague feeling of 
distress in the chest, which is usually most urgent in the morning on 
rising. The fits of coughing eventuate in tlie expulsion of a peculiar 
rusty-brown, pneumonic-like sputum. This sputum can be produced 
at will almost at any time, and often in considerable quantity. In 
addition to the chronic cough and the tenacious rusty expectoration 
referred to, the patient is liable to irregular attacks of liaBinoptysis. 
Though usually induced by violent exertion, occasionally such attacks 
come on without apparent cause. The haemoptysis may be trifling ; 
on the other hand, it may be so profuse as to tlireaten life — at all 
events, to cause intense^ anjemia. Ogi states that an outstanding 
physical sign in chronic cases is clubbed fingers. The physical 
examination of the chest is mainly negative. The patient is well- 
nourished. Hesonance is usually normal with a tendency to hyper- 
resonance, while rales can 1)0 demonstrated only in a few' instances. 

The sputum , — On placing a minute portion of the viscid, pneumonic- 
like sputum under the microscope, its peculiar colour is found to be 
due partly to red blood-corpuscles, partly to a crowd of dark-browm. 
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ihick-shelled, operculated eggs (Fig. 164). Besides pus-corpuscles 
there are seen large numbers of eosinophile cells. Charcot-Leyden 
crystals are often present. The eggs vary a good deal in size and 
shape ; they are all distinctly oval, have a yellow, smooth, double- 
outlined shell, and measure from 80 to 100 [jl in length by 40 to 60 p. 
in breadth. If the sputum be shaken up in water, and the water 
be renewed from time to time, in the course of a month or six weeks — 
longer or shorter according to temperature — a ciliated miracidium is 
developed in each egg. When the egg is mature, on placing it on a 
slide and exercising slight pressure on the cover-glass, the operculum 
will be forced back, and the miracidium will immediately emerge and 
begin to swim about and gyrate in the water. 

Abdominal symptoms in some cases may also bo ])r(‘sent ; they 
consist of dull abdominal pains and occasional diarrhma. Tlio abdo- 
minal wall feels hard to the touch and is tender ; at the same time 

symptoms of liver cirrhosis, appendi- 
citis, tailargejiient of the prostate, 
epididymitis, and adenitis may be 
present. 

Cerebral , — When the disease affects 
the brain, especially in children, a 
peculiar form of Jacksonian epih^j)sy 
may be a feature for a con sid (Table 
period, and may evimtuate in hemi- 
plegia, aphasia, visual disturbances, 
pareses or mono})legias of various 
degrees. 

Generalued . — In what is knowrj 
as generalized paragonimiasis, in ad- 
Fig. 164.-- Eggs of Para^ommvs djtion to the symptoms noted abovt\ 
ruKjeri in Sputum. r i i i j .l- • n 

generalized lymphadenitis, especially 
affecting the axillary and inguinal groups, is present, associated with 
cutaneous ulcerations. 

Diagnosis. — Diagnosis of endemic haBinoptysis is at once estab- 
lished by the discovery of the characteristic eggs in the almost equally 
characteristic sputum. The sputum is sticky, not foamy, and resembles 
that of pneumonia. Charcot-Leyden crystals are usually present. 
Bales and other physical signs of lung consolidation are not usually 
discoverable. If the intestine or liver is implicated, eggs may appear 
in the stools. 

In the case of one-sided convulsions, or in hemiplegic affections 
occurring in a native of, or in a visitor from, the countries in which 
this trematode is endemic, the sputum should be examined on the 
chance of discovering evidence of the parasite. Should eggs be found, 
there is a strong presumption that the cc^rebral trouble aris(>ss from a 
trematode tumour in the brain. 

In the (Tidemic zones of paragonimiasis, even in the absence of 
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(jggB in the sputum, Musgrave recommended that this parasite should 
be suspected in cases of clironic epididymitis, enlargement of the 
lymph-glands or prostate, liver cirrhosis, and skin ulceration. As 
some of these conditions are also found in Bilharzia japonica infection, 
one should b(* careful to distinguish the operculated eggs of paragonimus 
from those of the other parasite. It is desirable that the sputum 

examined bacteriologically to exclude the tubercle bacillus. Blood 
examination usually discloses a moderate leucocytosis of about 15,000 
and, curiously, there is not usually any rise in the eosinophile cells. 

The cutaneous ulcerations have to be distinguished from those 
of oriental sore. 

Bercoviiz reports that X-ray examinations of the lungs are very 
disappointing, while lipiodol infiltration shows no cavities, probably 
because paragonimus infection is situated at the periphery of the lung. 
Wang and lisiidi, on th(‘ other hand, have described well-defined 
opacities and isolated infiltrations situatt*d in \'arious parts of the 
lung fi(‘ld. 

Ando lias described a Bord<*t-(lengou test, using an extract of 
tbc‘ body of the adult worm as antigen. This proVjably, when fully 
worked out, will constitute an efficient aid to diagnosis in obscure cases, 
brom the clinical aspect paragonimiasis has to be distinguished from 
bronchiectasis more than any other condition. 

Treatment.- Hitherto no means of expelling the parasite from 
the lungs has been discovered. In the case of cerebral paragoni- 
miasis, it might l>e possible by an operation to remove the parasite 
and associated tumour, and thus afford a chance of recovery in what 
has hith(‘rto ])roved a fatal condition. Kobayashi and Ando have 
reported encouraging results with emetine, which is said to lessen 
tb(^ sexual activity of the trematodes. The drug is injected intra- 
muscularly in doses of 1-25 c.c. of a 2-per-cent, solution four times 
daily for five days, but it must be used with great caution, especially 
in cases where there is any myocardial trouble. This has been contirmed 
by Bt‘rcovi(z, who gives (‘inetine in 1-gr. daily doses for periods of 
seven days. To and Ko have givtai carpain by subcutaneous 5-per-cent, 
injeclions in normal saline. The total quantities were 0*8 grm. over 
six days, 1 *1 grm. over 23 days. Bercovitz also reports that marked 
improvement follows lipiodol injections into the bronchi. 

Prophylaxis in this, as in so many other animal-parasite diseases, 
lies principally in the direction of securing a pure water supply for 
drinking and bathing purposes, and avoiding all uncooked articles 
of diet, especially crabs and crayfish, which might be supposed to 
contain the young parasites. The sputum should be destroyed. In 
Chosen, Korea, an enlightened Government has waged a campaign 
against crabs, and has rendered their sale unlawful, while the populace 
is beiTig educated about the dangers by means of posters and 
advertisements. 
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11. CLONORCHIASIS 

Geographical distribution. — Tlu^ treinaiodo responsible lor 
this disease has been found in many Eastern countries includinp^ 
India, Mauritius, Japan, Korea, Formosa, China, and Tonqnin. Tn 
South China, Faust and Khaw have determined that tli{‘ tisli-raisinj^^ 
industry is responsible for the high incidenct* in Kwantung Provinct'. 
In Central Japan, according to Katsurada, there an* certain districts in 
which it affects from 56 to 67 per cent, of the population, and Legt-r 
records finding the eggs in 50 per cent, of the natives of the East Coast 
of Indo-China. Recently an endemic area has bet*n discoxen'd on 
the Pacific Coast of California, the infection having been import (*d by 
Chinese immigrants. 


iEtiology. The parasite, ilouorrhi.s fiinensis, rneasuri's 10 to 20 inni. in 
length by 2 to 5 min. in br(‘adth ; it is oblong, narrow, flat, and somewhat 
pointed anteriorly, reddish in colour, and nearly transparent. i)evelof)ment 
outside the human body takes place in two dift’erent inUnanediary hosts - 
primary, a mollusc, Bithijnia ; and secondary, sev(‘ral s|H‘cies of fn'sh water 
fish of the carp family. For further details, sec Appendix, p. 80(). 

Pathology. — C. mnensis inhabits the biU‘-ducts. It thickens the walls 
of the biliary canals and expands them in places into cavities and diverticula 
as larg(‘ as filberts, the walls of which are thickinunl with fibrous tissm*. In 
these cavities vast numbers of parasites may be found. The divi*rticula 
communicate with the bile-ducts, along whi(di the (*ggs of tin* parasite's, and 
sometimes the* })arasitr*s themselves, escape into the intestine. The' afl’e*e‘teel 
fiver is e*nlarge;ei as a whole, although the tissue in the* imme'diate neighbour- 
hood of the diseased bile-due'ts is atrophie*d. The spleen, alse), may be hype'r- 
trophied and the intestine in a (condition of chronic e atarrh. Seune' instance's 
are recorded of the presence; of this trematode in the pancre'atie* ducts, in 
the duodenum, anel in the stomaedi, associated with ascites, anel eve'ii with 
anasarca. According to Hoeppli it may produe'c care;ine)mate)us changes, 
while Kown and his associates have found growths in the* live'r, aj)])arently 
connected with clonore*his infection. 

This parasite*, which fe>r long was suppejseel te) be* prae'tie;ally innocue)us, 
is now held to be the cause of a serums cirrhosis of the fiver, whie*h may 
terminaU; fatally ; inde'eel, there (;an be no doubt e)f this when e)ne* e‘e)nHiders 
that in se)me of the cases ree;e)rded siweral thousanel parasiU's we*re })re‘m'nt. 
Sambuc and Baujean counted 21,000 at one autopsy, and reckoneil the total 
weight of the parasites at 300 grm. 

Symptoms. -W' he* n the infection is severe^ the* live-r be(;umes 
enlarged, and chronic diarrheea, wfith recurri?ig attacks e)f jaundice*, 
sets in. Late anasarca appears, and gradually a caedu'xia, resembling 
that of sheep>rot, is established, which, in the course of several years, 
may prove fatal. In lighter infections there is indigestion, (‘pigastric 
distress and, curiously, night-blindness (B(*rcovitz). The IMitor has 
seen one case in which clonorchis appeared to la; the cause of acute 
cholecystitis (strawberry gall-bladder). 
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Diagnosis. — It would be well to bear in mind this and other 
parasites in approaching the diagnosis of obscure hepatic disease 
associated with diarrhcea and jaundice in patients from the East. 
The discovery of the eggs (Fig. 165) in the stools should guide to a 
correct diagnosis. Associat(‘d with this disease there is generally a 
considerably leucocytosis of over 30,000 and an eosinophilia of over 
40 p(‘r cent. Toiilhn* and Iliou recomnKaid the duodenal sound as a 
r^>ady method of diagnosis, b(;caus(* in tla^ asj)irated bile large niinilxTS 
of eggs may b(‘ demonstrated, even wlien tb(*y are not ])resent in tin* 
stools. 

Treatment. — So far, no specific treatiiHuit has been found. The 



Fig. 165. — Eggs of Clonorchis sif}eiwi8 in faeces. X 250. 

{Photomicro : Dr. John Bell.) 

patient should be removed to a non-infected area and given nourish- 
ing food. Kecently, salol has been reported as beneficial in the analogous 
liver-fluke disease of sheep. Neither emetine injections nor tartar- 
emetic treatment are of any avail. 

Faust has found that in experimental cats, gentian-violet adminis- 
tration per os, after ])reliminarv stimulation of ovulation, causes death 
of the duke for which this dye appearsT-o have a special affinity. About 
(SO mg. per kilo weight was found to be the correct dosage. Unfor- 
tunately this drug appears to be toxic to the host, but it opens up an 
important line of clinical research. 

Continuous non-surgical bile drainage has been extensively practised 
in Kon‘a by means of the duodenal tube. It is found necessary to 
cocainize the throat to prevent reflex vomiting. As a rule, it is possible 
to allow th(^ tube to remain in position continuously for several days 
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and observe the flow of bile. During the day the bile is collocled even 
two hours, following stimulation bj 50-per-cenf. magnesium sulphatr 
through the tube. The extracted bile is then (‘xamined microscoju'cally 
for clonorchis eggs, and the nuniher per ] cu.mm, is counted. It i.s. 
however, necessary to state that this procedure does not get rid of 
all the clonorchis eggs, but it is useful in getting rid of toxic material, 
and the results are most spectacular in cases when the liver is enlarg^nl 
and tense. Biliary drainage is not always a harmless procedure, and 
is sometimes followed by shock. 

Prophylaxis. — Manifestly, the Chinese habit of eating raw fish 
is to be deprecated. Animals and men harbouring the parasite should 
be prevented from fouling water, whether used for drinking or bathing, 
or for agricultural purposes. 



CHAPTER XLIV 


INTESTINAL PARASITES 

I. ASCARIASIS 

Definition. — Infection of the alimentary tract with the roundworm, 
A scans lumhricoides. This worm is of large size and familiar appear- 
ance ; it may give rise to no special symptoms save inconvenience ; 
hut on occasions may be the starting-point of complications of con- 
siderable severity. The worm itself and its life-history are described 
on j). 9*29. 

Symptoms. — The normal situation of ascaris in the bowel is the 
jejunum. There, as can be shown by skiagraphy, the worms lie 
Jiiot ionless, curled up in bundles, so that the bowel can be stuffed 
with worms like a well-filled sausage.^ The toxic symptoms produced 
by ascaris infection are probably attributablo to ascaron^ a mixture 
of all)umoses and peptones. Eulleborn and Kikuth have studied 
the allergic phenomena of ascaris infection. Certain anaphylactic 
symptoms are well known. Some individuals manifest a peculiar 
s(‘nsibility to ascaris emanations, and even entering a laboratory 
where ascaris worms are being dissected, is enough to cause con- 
junctivitis, urticaria, asthma, and even “ fever.” The skin of these 
j)eople is extraordinarily sensitive to minimal doses of ascaris substance, 
and ill a few minutes a red and extremely sensitive wheal is produced. 
The passage of a worm is attended by an intolerable itching of the 
anus and the vomiting of the same may occasion oedema of the glottis, 
in children, ascaris infection produces pallor of the face with blue rings 
under the eyes and sometimes interference with nutrition ; on the 
other hand, the infection may never be suspected until the eggs are 
found in the stools. Some clinicians attach some significance in 
diagnosis to Couillard’s sign, i.c., the prominence and redness of the 
fungiform jiapilhe on the tip and sides of the tongue. 

In many instances the ascaris gives rise to no very noticeable 
symptom : in others it is to be credited with a number of ill-defined 
gastric and perhaps nervous troubles — capricious appetite, foul breath, 
restless sleep, peevishness, vague abdominal pains, nausea, and 
so forth. It may cause urticaria of a most pronounced type. Some- 
times fh(^ worms get into the stomach and are vomited, their appear- 
ance giving rise to no inconsiderable alarm. They may even creep 

‘The wonns ingest the barium, and their situation in clearly shown in X-rays by the 
opaque outline of the intestinal tracts. 
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up the oesophagus and into the mouth, or out by the nostrils. Cases 
are on record in which they caused suffocation by wand(‘ring into 
the riina glottidis. When aggregated into masses i^i the intestines 
they may cause a volvulus, and even intestinal obstruction. They 
have been known to enter the pancreatic and the bile-ducts and give 
rise to jaundice and abscess of the liver : to cause acute lueinorrhagic 
pancreatitis by blockage of the bile-duct : to })en(‘tratt‘ the inti^stinal 
wall and escape into the peritoneum, causing peritonitis ; or to burrow 
into the abdominal walls and cause abscess. Ascaris eggs have been 
demonstrated in pearl-like nodules encysted in the peritoneum and 
mesentery. They may invade the lunun of the appendix and cause 
appendicitis, and their eggs may occur in profusion in tins situation. 
In women, they may invade the generativ e tract, and have l)een found 
encysted in the Fallopian tubes. 

Although “ ascaris pneumonia ” is not often diagnosed in man, its ])re8(‘n(‘e 
has been suspected in West Indian negroes. In experimental animals heavily 
infected with ascaris larva" death takes place from ])neumonia after four to 
five days. The larvae, in their wanderings through the lung capillaries, 
must give rise to considerable disturbances. In North America ])n(mmonia 
is much feared by some breeders, as the ascaris of the ])ig is very similar to, and 
has the same life-history as, .bsYY// /A’ hnnhriroifh.s. The ascaris of tlu' pig is a 
definite biological species, as it (*annot develop to maturity in man, nor can 
the reverse take place. 

The experiment of Koino, a Japanese investigator, must la* men- 
tioned. He swallowed ()()() ripe* human ascaris eggs. Six days 
later he w^as attacked by a definite ])neumonia with dyspinea, cyanosis, 
a pyrexia of 104° F. and a fever which lasted sevi‘n days. The sputum 
was profuse from the eleventh to sixteenth days, and contained ascaris 
larvae of which 202 were counted. 4Tie liver was (‘iilarged and th(*re 
was congestion of the conjunctiva, and there w(‘re sev(*re muscular 
spasms. After a period of fifty days from the time of infection, 607 
ascaris, varying in length from 8-8 cm.. w(*re voided. It is said that 
during their migrations in tlu* lung the larval worms may givt* rist* to 
haemoptysis. 

It is estimated tliat each f(‘male ascaris in the bowel produces 2,000 
eggs for every gramme of faeces. 

Diagnosis. — It is well, when puzzled over some obscure dyspeptic 
condition in tropical patients, to bear the ascaris in mind. If, for 
some reason, it is undesirable to give santonin or oil of chenopodium 
diagnostically, the stools ought first to be examined with the micro- 
scope. Various concentration methods may be employed for demon- 
strating the eggs [see p. 1031). If they are found, a, dose or two of 
santonin may clear up the diagnosis and cure the patient ; if no eggs 
are found, the drug may be withheld and the idea of ascarides abandoned. 

Ascaris infection is usually associated with an eosinophilia, but this 
is by no means so roUahia as was formerly coiisiflered, and the Edifoi’ 
has seen heavy infections with this parasite^ without any increase of 



ASCARIASIS : TREATMENT 


805 


the eosiiiophile cells at all. JJuririg the invasion stage, when the 
larvae are resident in the lungs, there is a very definite eosinophilia, 
but this diminishes as the worms (uiter the intestinal canal. In America, 
Jeller, Kasjuiri, and Leath(*s found in European children an average 
eosinophilia of 9 0 per C(*nt. and in negro children about 5-3 per cent. 

The cutane(jus reactions to Ascaris aniigens are of little ])ractical 
importaiKM* and Ei'dUTorn consid(*rs the “ scratch test ” with powdered 
ascaris mori^ reliable than tin* intrad(‘rmal inj(‘ction. In many infected 
individuals the t(‘st remains n(‘gative, and jnoreovc^r, a person who 
has once been irilected and cured, nanains in a sensitive condition for 
the rest of his life. 


Tun AT mi: NT 

Tla‘ most widely emphasiz(^d drug for the treatment of ascaris 
ird'ection is santonin, but it is by no means as (dYective as was formerly 
thought, and is a])})ar(‘ntly mon* lethal tf) tin* female than to the male 
worms, whilt* if has bet'ii ])ro\ed that after siAeral tr(‘atments many 
individual worms esca])e. It is a])])ar(aitly (‘tfectivc' to a limited 
exttait wIk'u gixcn in th(‘ form of suppositories. Tlu‘ dose by the 
mouth is J- 1 gr. (0 03*2 to 0 005 grin.) for a child, and 8-5 gr. (0-i94 tc 
0-324 grm.) for an adult. A good method of giving thi^ drug is to 
])rescribe three dos(‘s on successiv(‘ niglits, the first and the last dose 
to be follow(‘d by castor oil lh(‘ nt*xt morning. 


Santonin. tVj^iNt^e i^ crystalline lactone obtained from santonica, 
which consists of tlu- dried unexpanded eapitula of Ariernf^sia rina. Berg. 
(Fani. ( \)ntp(>.sif(( ), a small undershnib which grows plentifully in Turkestan 
and is known as “ Levant wonnstM'd.” It is almost insolubU' in water, but 
soluble in 90-p(‘rM-cnt . alcohol (1 : 44), chlort)form (I : 2-5) and castor oil 
(1 : W'licn (exposed to sunlight it turns y(*llo\v. It does not kill the 

worm, l)ut probabl\ affints its vitality, causing it to uiigrate to the lower 
bowel, 'the d(es(‘ is best ])rescrilMMl with sugar and 3-5 gr. of calonu 1. It is 
more activ(‘ in a mixtun' w ith castor oil such as : 


K Santonin 
01. ricin. 

Mu(‘il. acac. 
Syrup, simp. 
A(j. menth. t)ip. 


gr.iv (0-259 grm.) 
7)iii (10-65 c.c.) 
7)iv (14-21 c.c.) 
7)i (3-55 c.c.) 

5 iss (42-63 c.c.) 


This is taken aft(‘r fasting in the morning, but is liable to cause symptoms 
of santonin })oisoning. 

The symptoms of santonin intoxication are a green or yellow urine, if 
acM'd, j)urpli8h or red, if alkaline. It causes yellow vision, headache, vertigo, 
nausea, and even epik'ptiform convulsions, and it may produce irritation 
of the kidneys, with painful micturition and hiematuria. 

An alternative method consists of taking santonin, gr. 5, with calomel, 
gr. 2~3, on three successive nights followed by a saline j)urge, 5 ss of magnesium 
sulphate, six hours aft(>rwards. 
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Oil of chenopodium {see p. 815) is sometimes more effective 
than santonin. It may he given in a mixture with liquid paraffin (one 
ounce) or in capsul(‘s. The maximum dose is 24 minims (1*421 c.c.), 
and is usually given in two portions of 12 minims (‘ach within a quarter 
of an hour of each other. Capsules of oil of chenopodium contain 
three luinims each of the drug. Eight of these should Ix' given early 
in the morning in two portions of four capsules each. It has th(‘ added 
advantage, which it shares with carbon tetrachlorid(\ of Ixhig efficacious 
for the ancylostome and tapeworm as W(‘ll. 

Carbon tetrachloride (tetraform) is given in the same manner 
as for ancylostomiasis, Avith the same precautions {see p. 815). It is 
given alone, in capsules, in syrup, or with liquid paraffin in doses of 
one drachm for an adult and proportionately less for children. It 
should be followed by a dose of salts such as mag. sulph., half an ounce. 

The combined treatment of oil of chenopodium together with 
carbon tetrachloride is the most efficacious in the Editor's opinion. 
They may be given together in a mixture as in ancylostomiasis, but 
it is probably best to give the carbon tetrachloride on one day, and the 
oil of chenopodium on the following. The worms, Avben (‘Xpelled, 
are alw^ays dead and sometinn's disintegrated. It is important to warn 
the patient that they may not appear in the de'je^cta for two, or (*ven 
three days, after the completion of the treatment. Fatalities from 
carbon tetrachloride treatment have been reportixl. in the case of 
ascaris they may be dut^ to blockage of the bowed, or of tie* bilt‘-ducts, 
by masses of dead Avorms. 

Hexylresorcinol. — In America this drug has recently come into 
favour as a vermifuge, for ascaris. Crystals in gelatin ca]>sul(‘s eu' 
sugar-coated pills are givcm by the mouth in dos(*s varying from 0*1 to 
1 grm. three times daily, according to the age* of the* patient (0*1 grm. 
for each year up to ten). The drug should be* give*?) on an empty 
stomach and should be fe)lloAved by a saline purge. 


IL ANCYLOSTOMIASIS^ 

Synonyms. — Uncinariasis ; Hookworm Disease ; Egyptian 

Chlorosis. 

Definition. — A disease in its more pronounced fejrms character- 
ized by great anaemia, debility, and cardiac incompetence, due to 
the absorption of the toxins of Ancylosiovia duodenale and Necafor 
americanus, nematodes which inhabit the small intestine, and may 
be sometimes present in enormous numbers. The ancylostome, in 
many tropical countries, on account of the dangerous cachexia — 
ancylostomiasis — to which it gives rise, amounts to a positive curse. 

^ A complete bibliography on this disease has been published in a volume by the Rockefeller 
Foundation International Health Board. Publication No. 11. 
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History. — The worm, now known as Ancylostoma diiodenale, was first 
recognized by Dubini in 1838, and in 1843 he published a detailed account 
of it, but apparently did not recognize its pathogenic importance. Bilharz 
(1853) and Griesinger (1854) connected the parasite with the extremely 
severe chlorosis prevalent in P>gypt, but it was not until the very fatal epidemic 
of anaemia among the miners in the St. Gothard Tunnel (in 1880) had called 
the attention of European observers to the subject that the importance of 
this parasite as a pathogenic agent began to be properly apprehended. 

Geographical distribution. -The ancylostoine has been found 
so widely diffused that it may be said to occur in all tropical and 
subtropical countries. It occurs in Belgium, and was found by Haldane 
to be th(‘ cause of an ej)idemic of severe anaemia in a Cornish mine. 
In northern countries it is rare ; but it is abundantly present in the 
south of Europe, and in the tropical and subtropical regions of Asia 
and America. It is especially prevalent in Siam, in South China, and 
Malaya. In India, Ceylon, and the East Indies it is a source of grave 
disability in plantations, mines, etc. It occurs abundantly on most 
of the l^icitic islands, and exists in North and South Queensland and 
in Egy})t. 

iCtiology (Fig. 160). — The normal habitat of A. duodeiiale is the small 
iiitostine of man, and particularly the jejunum ; less so the duodenum, 
rarely the ileum or lower reaches of the alimentary canal ; very occasionally 
it is found in the stomach. In these situations it attaches itself by means 
of its powerful buccal armature to the mucous membrane, from the blood 
of which it obtains a plentiful supply of nourishment. It is supposed to 
shift its hold from time to time, the abandoned bite 
continuing U) ooze blood for a short ix'riod. It is said 
to be very 4 )rodigal of the blo(xl it imbibes, the red 
corpuscles passing through its alimentary canal un- 
changed, and the plasma alone being utilized. 

The male and female ancylostomes — present 
generally in the proportion of one of the former to 
three of the lattor — do not differ so much in size as 
is the case with many of the other nematodes. The 
male (Fig. 166, a) measures 8-11 mm. in length by 
0-4-() -5 mm. in breadth; the female (Fig. 166, b) 10-13 mm. in length by 
0*6 mm. in breadth. 

Necator amerimmus closely resembles A. duodenale^ but is shorter and 
more slender (see Appcuidix, p. 934). At first it was thought to be confined 
to the American continent, but it has been found by Looss and othere in 
pygmies from Central Africa, and by others again in Rhodesia, India, Ceylon, 
Fiji, the Philippines, and elsciwhere. Near Darjeeling in India it is found as 
a pure infection (Lane), whilst in Egypt A. duodenale occurs alone. 

Reproduction and mode of infection. — The female ancylostomes 
[)roduce a prodigious and never-ending stream of eggs, wliich pass 
out in the faeces. In the body of the host the development of the 
embryo does not advance very far ; but on leaving the human 
host it proceeds, in suitable circumstances, so rapidly in the egg that 
in one or two days a rhabditiform embryo is born. This minute 


\\ 

Fig. 166. — Ancylo- 
stoma duodenale. 

Nat. size. 

a, Male ; b, female. 
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organism is very active, voraciously devouring what organic inatlcr 
it can find and, for a week, grows rapidly and moults twice. After 
the second moulting it passes into a torpid condition, in which it 
to eat, and growth is suspended. In this stat(‘ is may live for wr^ks 
or months, moving about more or less languidly in muddy wat(‘r, in 
mud, or in damp earth, but it is rapidJy kill(‘d by drying. It is said 
that it may also encyst on blades of grass, (’ort and others have sliown 
that the larvte lose their sheaths whilt* living in th»‘ soil, and (‘ontiniK 
to exist in the unsheathed state. Arrived in its final lost, after moult in^r 
again at the end of five* W(‘eks, it ac(]uires st'xual chara(‘trrs and fhe 
permanent adult form. 

Looss has shown that tlu' parasites reach the intt'Stinal canal b\ 
a definite route, by boring tludr way tlirongh the skin, krom tic 
subcutajieous tissue they enter tin* blood-vessels and lyniphanVs. 
and by this channel are passively transferred to the lungs. Here 
they leave the ca])iilanes, (‘nt(*r the air-\a‘sicles, and tlaaice along the 
bronchi and tmclioa pass into the a'sophagiis, and so to the stomach. 
It has been conjectured that during this })assage tlu‘ larva ac(]uires 
the p()W(T of resisting the action of the* gastric juice. 

The duration of the lib' of H. duodetuiJe iii the intestine has not 
been determined ; some state it in montlis, otluTs in years (Sonsino)- - 
one to thr(‘e. On account of liability to reinfection, this })oint — an 
important one as afh^cting ])rognosis — is difficult to (fidt'rmine. 

The exact number of ancylostomes ntaa^ssary to j)roduce symptoms 
of disease has exercisial much attention. Some considiT that 100 
worms are necessary to })roduce })athogenic t'ffects and that bOO to 
1,000 worms must be present for at least six months to prgduce well- 
marked hookworm disease. Others believe that very few ancylo- 
stomes, such as ten or so, may afif(*ct th(‘ general health and working 
powers. 

According to Lane, the egg-laying capacity of a single ftanalc ancvlostoinc’- 
is about 30 eggs* per e.c. content of faeces per diem. Sweet, as the n'sult of 
his studies in Ceylon, concludes that the average Cingalese has an intensitv 
rate of hookworm infection of 2,200 eggs per grm. “ basis-lbrmi'd faces,” 
or as representing approximately one hundred arHylostornes. It is estimated 
that 53 per cent, of jK^ople have what is classified as “ hookwonn disc^asi',” 
the remainder being merely “ carriers of worms.” 

In four jK^rsons from whom the worms were recovered, the average egg- 
output per day for each female worm was 28,080. Kelativelv it apix^ars 
that the egg-count falls as the? worm-count rises. 

Pathology.- -The exact role of the ancyJostouie wor?n in the })roduction 
of anaemia is by no means as y(‘t settkid. 'Pbe following theories have Imhui 
put forward of tin; c.'iu.sation of anaunia : 

(a) Chronic loss of blood. 

(b) Anaemia due to absorption of specific toxin. 

(r) External conditions such as diet and general bygiime. 

(fl) '^riie damaged gut may play a role through n'jx'atedly I’cmewed 
bacterial infection. 
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On the whole the evidence points to the dietetic factor as playing the 
gn atest part in undermining the resistance on the part of the host (de Langen). 
As already mentioned, the bodies of the victims of ancylostomiasis are not 
w asted ; on the i*ontrary, there is plenty of fat in the usual situations. The 
app(‘araiK‘e of ])lumj)ness is further increased by a greater or lesser amount 
of g( lu'ial o‘(l(‘ma. There may be effusions in one or more of the stjrous 
cavities. All the orgjins are anaemic. The heart is dilated and flabby, its 
muscular tissue* being in a state of pronounced fatty degeneration. The liver 
also is fatty, and so are the kidneys. 

If the post-mort(*in (*\amination lx* made within an hour or two of death, 
th(‘ ancvlostouH's, in numbers ranging from a few dozens up to many hundreds, 
will be ff)und still attached by their mouths to the mucous surfaces of the 
lowe r part of the* duodenum, of the j«*junum, and jx^rhaps of the upper part 
of the ileum ; l)ut if tlic examination has been d(‘layed for some hours the 
parasites will have loosed tladr hf)ld, and are then to be tound lying in the 
mucus coating the* inner surface of the bowed. .Many small extravasations 
)f blood some* fresh, others of long standing “-are seen in the* mucous mem- 
biane*. a minute wound in the* e*entre of each extravasatiejii representing the 
point at w hie h a parasite* hael be*en attae-heel. Sometimes blood-filled cavities, 
as large* as filberts, are* found in the muce)sa ; each cavity ene-losing one or 
two woians and, ]>robabl\-, <*ommunicating by means of a small he>le with 
the* inte*rior of the* inte stine*. ( )lel e^xtrav’^asatienis are inelicated by [lunctifeirin 
pigmentatieen. The‘re* ma\’ be* (‘viele*ne*e, in the shape e)f vesiculations anel 
thie*ke*ning e)f the* mue-osa, ejf a gre'ater eer lesse'r ele'gree* of e*atarrh. Oce^asieinall y, 
sti'e*aks or large* e le)ts e)f bleuxl are founel in the lumen of the be)wel. 

Re*cent re‘se*are*he*s e^n the ble)od by Fikri anel < ihalioiingui have shown 
that in ane*yle)ste)miasis. the average* total blexiel- volume is 79*5 c.c. per kg. 
be)eiy-we‘ight ; the* average* plasma volume in ancylostome ana*mia is 62- f) 
pe*r kg., se) that the* diminution e)f the teital bloeiel-volume e;an be* accounted 
for entirely by the diminutiem of the* re*ei bleioel-ceirjiuscles. The bleiod- 
pie ture* is that e)f a se*coneiarv mie-rocytie* amemia. 

Mie re)sco[)ie*al e*xaminatie)n e)f the live*r anel kielne*ys shows the presene*e, 
w ithin the* ce*lls e)f the parenchyma, of grains e)f yelleew* pigment having the 
re*actions of hiemateeielin -indie*ating an intravascular blood elestruction such 
as e)(*curs in pernicious amemia anel other diseases of wdiich excessive haemolysis 
is a feature*. On this account, and alse) because he found granules of a ferrous 
nature in tlie liver-e*e*lls, l)anie*ls e*one*liideel that the an:eniia in ancylostomiasis 
is, in a me*asure*, the* re*sult eef blooel elestrue*tie)n w ithin the vessels by some 
toxic substance* proelue*ed by the parasite ami absorbexi from the bowel. 
These results have not be‘en eonfirmed by all other obsc^rvers. 

Symptoms.™ It is not in every instance in which the ancylostome 
is ])resent that ceinseu] nonce's so serious ensue. There may be dozens 
of ancylostomt's in the intt'stine without any appreciable aiuernia, 
or, index'd, symptoms of any descriptiem whatsoever. Grave symptoms 
are' the exception. One must be careful, therefore, to avoid con- 
cluding that tlie ancylostome is the cause of every pathological con- 
dition witli which it may chance to concur. 

On ilm other hand, many inhabitants of tropical and subtropical 
ce/untrie'S are in a state of chronic starvation. Living on coarse, 
bulky, innutritieius food, thew are prone to dilatation of the stomach 
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and dyspeptic troubles. In such, any additional cause of malnutrition, 
as a swarm of ancylos tomes, and a daily though perhaps small loss of 
blood, may be sufficient to turn the scale against them. In those 
countries, as elsewhere, there are many who live just on the borderland 
between health and disease ; to such the ancylostoine nii\y prove 
“ the last straw that breaks the camel’s back.” 

It may be that in some persons wdth special susceptibility a toxin 
developed by the parasite produces a special type of anaemia, as in 
certain cases of Diphylhhotlirium latum infection. 

According to Darling, a given number of A. diwdenale produces 
a greater degree of anaemia than an equal number of N. americanu^. 
It is estimated that twelve worms are required to cause a loss of 1 per 
cent, of haemoglobin. 

It is evident that as a complication of typhoid, of kidney disease, 
of dysentery, of malaria, in fact of any chronic or exhausting disease, 
the importance of this anaemia-producing parasite cannot be ignored. 

The practitioner in tlie tropics, therefore, must be constantly 
on the look-out, in all cases of anaemia, of dyspepsia, and of debili- 
tated conditions generally, for the ancylostoine. He must bear in 
mind that this parasite, as will be presently pointed out, if permitted 
to remain in the intestine for a length of time, may be the cause not 
only of remediable anaemia, but of irremediable ameinia-produced 
degenerations of various organs. On this account, also, its early 
recognition becomes a matter of the first importance. It has be(ni 
pointed out by many observers that ancylostomiasis is tlu; source of 
considerable surgical risk, not only in Unit it n^ndtTs the o])erativ(^ 
procedure more difficult, but also in that it retards convalescence. It 
is also said to increase* the risk of delayed amestlietic iioisoning. 
Whenever possibh*, anthedininthic treatment should lx* instituted prior 
to operation, especially when a laparotomy is contemplat(*d. 

Further, ancylostomiasis is an important disease from tht* stand- 
point of the employer of native labour. The invaliding and inefficiency 
which it causes among coolies, not to mention the deaths, are often 
financially a serious matter to the jilanter and the mineowner. To 
them any wisely directed expense or trouble undertaken for the tn*at- 
mdnt and control of this helminthiasis will be abundantly repaid by 
the increased efficiency of the labourer. 

The essential symptoms of ancylostomiasis are those of a pro- 
gressive anaemia — an anaemia which is generally associated with 
dyspeptic trouble, but which, in uncomplicated cases, is not associated 
with wasting. If the progress of a case be unchecked, serous effusions 
and fatty degeneration of the heart ensue, and death may occur from 
syncope or from intercurrent complication. 

One of the earliest symptoms of an extensive ancylostome invasion 
is pain or uneasiness in the epigastrium. This is generally increased 
by pressure, but for the time may be relieved by food. In some people 
it may produce an acute and ever-present epigastric pain, which closely 



ANCYLOSTOMIASIS : SYMPTOMS 


811 


resembleB duodenal ulcer and may often, in the Editor's experience, 
he mistaken for it. ^J’ho appetite, sometimes defective, i^ more often 
lavc'iious, tlmiif^li its [gratification is apt to give rise to dyspeptic 
trouble of various kinds- -to colic, to Ixuborygmus, and perhaps to 
diarrlnea of imperfectly digested food. Constipation may be present 
in some instances ; irregularity of the bowels in others. The taste may 
be })erv(Tt('d, some ])atients (‘xhibiting and persistently gratifying an 
unnatural craving for such things as earth, mud, or lime — what is 
called pirn or (feopliapif. Tin* stools som(Tim(‘S, though rarely, have a 
n‘(ldisli-brown tinge from admixture of half-digested blood. Some- 
times they may contain small Hakes of l)lood-tinged mucus. Pure 
blood is seldom pass(‘d : and an extensive haunorrhage, unless there 
be concurrent colitis, is ran‘, although, post mortem, considerable 
(juantities may be found in the small intestine. Fever of an irregular 
intermitting, or even a suheontinued type is common. On the other 
hand, the tem})erature ma}" be constantly subnormal, or these 
conditions may alternate. Aft(‘r a longer or shorter time, symptoms 
of profound amemia gradually disclose themselves. The mucous 
surfac(‘s and th(‘ skin hecona* pallid, the face is puffy, and the feet and 
ankl<‘s an; swollen. All tin* subj(‘ctiv(‘ symptoms of a definite anaemia 
now h(‘coni(‘ mon* and mon‘ apj)arent : th(*re are lassitude, breathless- 
iu‘ss, palpitations, tinnitus, vertigo, dimness of sight, mental 
apathy and d(‘pr(‘ssion, liability to syncope, etc. The circulation is 
irritable, and haunic bruits can he heard over the heart and larger 
hlood-v(‘ss(‘ls. ()j)hthjilmoscu])ic examination may reveal retinal 
luemorrhagts. 

From sonu; of thest* symptoms, were it not that with the advancing 
amemia there is no loss of weight, one might be led to suspect the 
possibility of tuberculous or cancerous disease, or of Bright’s disease. 
So far from losing weight, the patient may appear quite plump ; and 
though luemocytometric estimates testify to a slow and steady fall 
in the corpuscular riclmess of the blood until the lowest limit i*om- 
patible with life is r(‘ached, there is no true poikilocytosis as in idiopathic 
pernicious anaunia, no excessive leucocytosis as in leucocythsemia, 
and not necessarily any enlargement of lymphatic glands, liver, or 
spleen. There is generally a marked eosinophilia of about 7-14 per 
cent., though in rapidly fatal cases these cells tend to disappear. The 
depression in the haunoglobin value of the corpuscles is considerably 
greater than the fall in their number. 

The rate of progress is very different in different cases. In some 
a high degree of ana 3 mia may be attained, and even a fatal issue, within 
a f(nv wei;ks or months of the appearance of the Hrst symptoms. 
Such rapid cas(^s are rare ; more frequently the disease is exceedingly 
chronic, ebbing and flowing, or slowly progressing, through a long 
series oi years. Acute cases develop terminal diarrhoea with passage 
of much mucus and, occasionally, blood. These cases are apt to be 
mistaken for various forms of dysentery. 
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Should such serious ancylostomiasis occur before puberty, the 
growth and development are apt to be d(day<‘d and stunted (Fig. Itw). 

There appears to be some reason for the belief that after genera- 
tions of exposure to this infection a certain d(‘gre(‘ of tolerance is 
attained. 

It is not surprising that the severe nutritional t*haiiges associated 

with ancvlostouiiasis affect the mental 



Fig. 167. — Ancylostomiasis in a 
South American Indian boy, 
showing stunted growth, char- 
acteristic facies, and protuber- 


])owers (»f an afflicted population. 
Prolongod exposun* i?i tla* Ihiropean 
has led to tlie production of a race 
known as tlu> “ iu<‘au wbitt*.*' slunt(*d 
both in niontal and in physical caj)ac- 
ity. Jn Jamaica, in districts where the 
wliolt^ ]u>pulation suffers from ancylos- 
tomiasis, not only arc I lie jicoplc in- 
t(‘nsely indolent, but are als(» pr(‘- 
dis]ios('d, on this account it is said, to 
larceny and o1 lier (*rimes. 

The practitioner in the tro})ics 
should always be on the look-out for 
subacute infections in Furo|)eans on 
])iantations and in mines. This does 
not apjily solely to the naai, but to 
their wiv(‘s as well. The Editor has 
found that, in his e\)M‘rienc<*, minor 
degrees of aiaemia, an undue t(*nd- 
ency to fatigue, lassitude and digestive 
disturbances nro to la* ascrilaal to this 
infection. ( ven wliere, from the habits 
of th(; pati(*nts, it might not la* sus- 
pected. In Furo])eans undoubtedly 
the infection takes place r/a tla* mouth 
and alimentary tract. 

Ancylostomiasis and pregnancy. 
— Wickramasuriya finds that hook- 
worm diseases exerts a \ t*ry del(*terious 
intluenca* on pregnancy, and that in 
heavily inf(*ct{*d districtsit is th(* most 
common cause of rc})(‘at(*d abortions 
and miscarriage. Then* is, moreover, 
a very heavy maternal and hetal 


ant abdomen. (% 'permission mortality associated with it, and earlv 
of the Rockefeller Foundation.) interruptions of pn^gnancy and neo- 
natal deaths are also included among 
its effects ; the combined foetal and infantile mortality from this 
cause is almost 60 per cent. In the absence of skilled treatnH*nt, 
the chances of a successful pregnancy are remote if the hiomoglohin 
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lias fallen below 60 per cent, at the coraineiicenient of the 
pret^mancy. Those wonaai who are heav-ily infected show a predisposi- 
tion to d<na‘lop toxannias of pn^gnancy, such as pre-eclampsia, eclamp- 
sia, and ne])hritic toxaunia. 

Jnipair(‘d renal function is an outstanding featun; in the majority 
of expe{*tant niotlaTs siittering from ancylostomiasis. Th(*y must be 
n'gardcd as j)ersons with a lowered renal reserve and such cases may 
enter into the stage of “ decom])(‘nsat(‘d ini])airnHmt of nuial function ” 
with the onset of gestation. There exists great danger of death from 
post -|>arl uni shock if tlie lianiioglohin percentage htis fallen to 30 or 
under at th«‘ time of labour. 

Diagnosis. brovid(‘d its ])resence be suspected, ancylostomiasis 
is (*asily diagnosfal. In tTo])ical countries, in j)atients coming from 
tropical countries, and in miners wIkj work in very warm mint^s in 
cool<‘r climates, amemia with concurrfait eosinophilia should always 
stiggc'st a niicrosco[)ical examination of the fieces (see Appendix, }). 
1031 1. If the eggs of .1. (inodcufilc or ef .V. fVfierlcanus are discovered, 
and no oth(‘r reason for the amemia is made out, the [iresumption is 
that om* or tht* other of these* parasites is responsible ; at all events, 
no harm is likely to result from tn*atment based on this supfiosition. 
On the otheT hand, if no t*ggs are found it must not be concluded that 
the case is not om* of ancylostomiasis : for it sometimes happens that, 
in the* late'i* stage's eef tlie dise-ase*, symptoms will persist, although the 
parasites which caused tli(*ni in the* iirst instance have disappeared 
spontan(*ously, eu* have* been got rid of by treatnaait. 1'he usual 
met heal of diagnosis by microscopic examination of stools for eggs 
dot's ne)t convey a (puintitative idea of the sevt'rity of the infection. 
The* grade of inft'Ction runs from ont^ to a thteusand or more worms. 
Diagnosis by mt*ans of a vermifuge is much the most satisfactory 
mt'thod ; fe)r instanct*, according to Darling, where the microscopic 
e*xamination reveale*d a 75-per-cent, infection of those examined, 
diagnosis by v(*rmifuge revt'aled an incidence of 97 to 100 per cent. 
The diagnosis by means of eggs has been made much more accurate 
by the iiK'thod of (daydon Lane, known as the floatation concentration 
t('chni<jue (.see p. 1031). In the majority of cases of ancylostomiasis 
a ])ositi\e t(‘st of occult blood in the f<TCt*s is obtairu'd, and Charcot- 
laydeii crystals an* freipiently found. 

Treatment 

General statement. — Several forms of treatment have been 
introduct'd for the killing off and expulsion of the ancylostome worms. 
These drugs la'cessarily c(aitain a toxic principle and considerable 
care should be exi'rcised in tbeir administration. It is necessary that 
attention should la* paid to details. The treatments will be placed 
in their chronological order and stress will be laid upon those con- 
sidered most effective. 

I. Thymol (D,{H;,(DH.j) was introdiK'cd hy Bnzzolo in 1880 . 

It is a phenol obtained from the oils of Thymus ridytii is (and (an(*r plants). 
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It consists of large transparent crystals, slightly soluble in water, and freely 
soluble in fats, oils, and alcohol. The amount of thymol absorbed dej^ends 
upon the presence of these substances, and death from over-dosage is caused 
by progressive fall in blood -pressure. Some 30-40 per cent, of the absorbed 
thymol is excreted in the urine. 

Dosage. — An adult man, 60 gr. of thymol ; an adult woman, 45 gr. ; 
30 gr. in pregnancy. Not to be given more than once a week. In advanced 
ancylostomiasis, with great debility, it must be used with great caution. 

Proportionate dosage. — For children under five, 8 gr. (0-51 grru.) ; 5-10 
years, 15 gr. (0*97 grm.) ; 10-15 years, 30 gr. (1-943 gnu.); 15-20 years, 
45 gr. (2-915 gmif}. 

Thymol is best given in rice-paper cachets, in three doses of 20 gr. each 
at intervals of an hour ; the addition of an equal (juantity of sodium bi- 
carbonate or lactose aids the solution and absorption of the drug, which 
otherwise is apt to pass through unchanged. Before its administration the 
patient should be put on liquid diet for a day, and have tin? bowels well 
cleared out by a saline aj^erient. It should be given on an empty stomac.'h. 
If the bowels do not open spontaneously within four or five hours of the 
last dose, an ajxjrient should be given. Usually, by this treatment many 
ancylostomes are expelled and may be found in the motions. One such 
course of thymol may suffice ; but it is well, after a week has elapst'd, again 
to examine the stools microscopically, and, if it be found that eggs are still 
being passed, to re{)eat the course of thymol onc(‘, or ofterier. 

Certain precautions have to be observed in employing this drug. In 
some cases, after the exhibition of thymol, the urine on sUinding laaiomcs 
dusky, almost black, and reduces Fehling on prolonged boiling ; this is prob- 
ably due to hydroquinone. At times thymol gives rise to a very unpleastint 
form of intoxication — vertigo, excitement, etc. It is advisable, therefore, 
for the patient, while taking the drug, to keep his bed, and to lie down for 
several hours after the last dose. Thymol is very insoluble in waU;r, and 
is consequently, in ordinary circumstances, not readily absorlx'd in jx^isonous 
quantities ; should, however, the patient, while thymol is present in the 
stomach, partake of any alcoholic drink, there is considerabk^ risk of his 
being poisoned. Alcohol, ether, glycerin, turpentine, chloroform, and oils 
are all solvents of thymol, and must therefore be avoided when this drug 
is being exhibited. 

The treatment of thymol poisoning consists of washing out the stomach 
with warm water and of giving emollients to prevent or reduce corrosion. 
Stimulants such as atropine, strychnine, digitalis, or strong coffee are useful 
in overcoming the depression of the respiratory and circulator} symptoms. 
Artificial respiration may have to be resorted to. 

Without careful preparation by rest and judicious feeding thymol must 
on no account be used in advanced cases of ancylostomiasis, or where pros- 
tration is extreme. It is contraindicated in gastritis, dysentery, nephritis, 
and active heart disease. 

II. Beta-naphthol (CioH^OH), is given in much the same manner as 
thymol. The dose is 3-10 gr. (0- 2-0- 65 grm.). It is slightly soluble in cold 
water (1 : 1000), more soluble in boiling water in a dilution of 1 : 75 ; Kuidily 
soluble in alcohol, olive oil and ether. In ordinary anthelmintic doses it 
produces hardly any noticeable symptoms, but in bigger doses it exerts an 
irritative action on the kidneys and may give rise to acute inflammation. 
The maximum tolerated dose is 40 gr. (2-59 grm.). 
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III. Oil of chenopodium (Chenojwdium anihelmintwum — goose- 
foot, wormseed, “ Jerusalem Oak,’* Chenopodiaceae). — The active 
principle against ancylostoines or ascarides is ascaridole (45-70 per 
cent.), CjoHicOa, which is unstable, but which in 1 : 10,000 of oil 
kills living ascarides. It has a sharp, burning, nauseating taste, and 
is put up in hard gelatin capsules. The absorption of this substance 
is very rapid, and in toxic doses it causes depression of the respiratory 
centres. The excretion of ascaridole takes place mainly through the 
lungs. It is to be used with caution in cases with cardiac, hepatic, 
or visual disorders and is definitely contraindicated in pregnancy. 
1’he niaxinium dose of oil of chenopodium which can be given with 
safety is 3 c.c. in three gelatin capsules of 1 c.c. each at intervals of 
one hour. It is well tolerated by healthy individuals in hospital. For 
routine work the dose is 1*5 c.c. (24 rnin.) in capsules containing 
3 minims (01 77 c.c.) each. Eight of these capsules should be given — 
in two lots of four capsules at an interval of half an hour. For children 
the dose should be 1 min. for each year of age up to 16. The drug 
should be administered thr(‘e hours after a light meal. A quarter of 
an hour should elapse before a strong saline purge (sodi. sulph. ^ oz.) 
is given, with the object not only of washing the unabsorbed portion of 
the drug out of the intestine, but also of expelling the partially paralysed 
worms. Some })refer castor oil, but others consider that it tends to 
increase the absorjjtion and add to the toxicity. A repetition of 
oil-of-chenopodium treatment should not be undertaken in less than 
a week. 

Probably oil of chenopodium is more effective against Necator 
(DnericdriKS than against A. duodenaJe. Oil of chenopodium is contra- 
indicated in n(‘])hritis, organic heart disease, hepatic dysfunction or 
intestinal ukaTation. 

IV. Carbon tetrachloride (C Cl 4 (ietrajorm) ), a drug closely 
allied to chloroform, was originally introduced by Hall as a vermifuge 
and has been found suital>le for the mass treatnauit of ancylostomiasis. 

Carbon t^'tracliloriile gretraforin) is a colourless, volatile, chloroform -like 
liquid with a pleasant qiiinee-like odour and of a sjx^cific gravity of 1*6. It 
is slightly soluble in water, and freely miscible in alcohol, oils, and other 
substances. When manufactured by diix'ct chlorination of carbon bisulphide, 
it may contain traces of the latU'r drug. It exerts a preliminary burning effect 
on the mucous membrane, followed by anacsthetization. On exposure to 
light and air carbon tetrachloride slowly oxidizes, with the formation of 
poisonous substances, phosgene or carbojiyl chlaride (C Clj), and should therefore 
bo kept in dark and tightly stoppered bottles. Absorption occurs from 
the stomach and intestim^s, and after large doses most of the drug is passed 
out in the faeces, combined with fats and fatty acids. Absorption in 
the body itself is by the lymphatic and portal routes, producing dizziness 
and drowsiness. When absorbed by the liver it gives rise to delayed toxic 
symptoms api)earing after thirty-six to forty-eight hours. Jaundice is noted 
on the second day following administration. Calcium chloride in full doses 
has a marked effect in controlling symptoms. Acute carbon tetrachloride 
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poisoning closely resembles an acute abdomen, and in endemic areas of yellow 
fever it has been remarked that it produc(\s symptoms reminiseiMit of this 
disease. 

In ordinary anthelmintic doses the hepatic injury is not sufhcient to 
produce noticeable effects on the liver ; but after large tioses ntaTosis of 
the liver develops. (Continued small doses may, however, produce hepatic 
eirrhosis. Ib'cent work iiidicatt‘s that th(‘ loss of ionized calcium and retcTition 
of guanidine are factors in the intc^xic'ation by interfei’ing with normal 
metabolism. Guanidiiu' accumulates in tht‘ blood. Indications ana then*- 
fore, for a diet rich in calcium and carbohy<lrat(‘s, though ])oor in fats and 
proteins. Alcohol must be avoided. In instance's when' any anxiety on 
behalf of the patient is aroused, glueo.se', one drachm, fn'ipu'ntly by the 
mouth or in r)-])er-cent. intravenous injections is indicated. Simplicity of 
administration is a great advantage. It is ust'ful to adminisU'r calcium 
lactate in full (30-gr.) doses the day previous to treatnient to increase tlie 
calcium content and so to avoid toxic sympt-oms. Kest in Ix'd is not abso- 
lutely ('ssential, tliough adviseible in (*nfeebled }x^rsons. The after-symptoms 
are drowsiness, giddiness, and headache. Garbon U'trac hloride acts directly 
on the helminths and will remove 95-91) jH'r ei'ut. of all nemtors in a singk' 
treatment, but is less effectual for .-1. du(xU nah . 

The dose for an adult is 1 dr. (3-5 c.c.) taken in hard gc'latin-coated capsules, 
each containing 30 min. (1-770 c.c.) of carbon b'trachloride, subse(juent to 
a partial fast of eighteen hours without ])reliminarv purgation. A salim* 
purge (sod. sulph., 4 oz.) is necessary 15-20 minut<'s aftt'r the drug, and an 
enema of hot water is usually n'quired to effe< t com})l('U' emptying of the 
bowel. The treatment is best ('ommenc€*d at 8 a.ni. and on<‘-half of the 
total dose is taken after a (piarO'r of an hour interval. 3d)e drug can be given 
to pregnant women, in whom oil of ehenopodium is contraindicated. The 
minimal dose is 3 min. (0-2 c.c.) and it should be increasc'd by that amount 
for each year of age up to maturity. Many clinicians find it pleasanter and 
safer to give the ay)erient together with tetratorm — i.e., tetraform 3 c.c. in 
castor oil (ol. ricini) 15 c.c. 

It is important to note that not att the dead anvijlostonie irorms are. to be 
foinid in the first stool passed, but map continue to appear Jor three daps after 
the treatment; similarly, the eggs of the para.site are held uj) in the folds of 
the intestinal mucosa and can be found in tlie fa'ces for at least a w eek after 
effective treatment has ceaseil. 

Trichlorethylene (CHCl : (XJlg) in do.ses of one drachm (3 55 c.c.), 
which has a pleasanter taste and odour than carbon tetrachloride, is ecpially 
potent and safe and is given the same way. 

V. Combined treatment. — It is generally admitted that the 
combined treatment of carbon tetrachloride and oil of chtaiopodiurn 
may be more efficacious than the use of either drug alone. The 
addition of ascaridole to carbon tetrachloride increase's its efficiency. 
The two drugs mix readily. The dose recommended is ‘2 c.c. (min. 34) 
of carbon tetrachloride with 1 c.c. (min. 17) of oil of ehenopodium 
made up to 28*42 c.c. (one fluid ounce) in liquid paraffin. The same 
precautions being taken, it may bo given in one dose or in two halves. 
The Editor has used the carbon tetrachloride and oil of ehenopodium 
tieatments on two consecutive days and has had satisfactory results 
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from this rnot liod. The aperient, sodium sulphate, 1 oz. in a tumblerful 
of water, should be taken one hour afterwards. Patients continue to 
pass eg^s in the heces for sevt?n days subsequent to this treatment. 
Bedcrmin (ihiyer) is a preparation which conveniently contains both 
oil of chenopodium and carbon tetrachloride. 

VI. Hexylresorcinol is 1 : 8 dihydroxy-4-hexylbenz(d, and is a 
white, waxy, crystalline substance, sparingly soluble in water, but 
exc(*edingly so in ah'ohol or vegcdable oils. Introduced as an anthel- 
mintic by Ijawson, ^\ard and Brown, it is given in hard gelatine 
caj)sules or crystoids. 

L{uii})S(ai has empicned this drug and insists ii])on the strict observance 
of the follo\i ing directions for the successful single-dose treatment of ascaris 
and hook worm infections : 

(iiv e a light evcuung meal consisting of soft foods only, and the following 
morning give the dose o?t an empty stomach. The dosage for adults and 
childnai over twelve years of age is 5 pills ; for children of eight to twelve 
years, 4 ])ills ; six to eight years, 3 j)ills ; under six years, 2 pills. There 
aj)}K‘ars to he no advantage in incnaising these dosc‘S but smaller doses show' 
a marked deert'ase in ( theiency. The i)ills contain 0-2 grm. (3 gr.) each, and 
the indicated number should l)e taken in oiu* dose with a glass of water. 
>s’o food of any kind should be taken for at least four hours aft(‘r treatment. 
Water may be taken frei'ly but alcohol is definitely contraindicated. The 
]»atient may go about his usual occupation immediately after treatment and 
eat as desired at tlu* end of four or five hours. A sfihne purge should be given 
twenty-four hours after treatment to remove the dead worms. The patient 
may continue to ])ass worms for as long as ten days or two wrecks after this 
single dos(> and, if instructions as to food are carefully followed, one dose is 
usually sufliciiail. 

Ke-tr(‘atmcnt is sometimes necessary because of reinfection or because 
the pati(‘nt has not followed instructions as to food. Treatment should only 
be re])eatt‘d aftiu* two weeks, if eggs are still present in the fau'cs. Unlike 
most anthelmintics, this ])roduct will eliminate successfully roundworm 
(Ascaris lumbricoidcs), hookworms, and, csfXicially, threadworms. 

In crystoids the (.rystalline hexyh'esorcinol is gclatin-covei'ed. If the 
gelatin covering becomes brc»ken the drug may cause irritiition to the oral 
and o'sophagcNil tissues. 4'o avoid this, the crystoids must he swallowed whole 
with a glass of wat(‘r ; under no circumstances must the patient crush or 
chew them. 

VII. Oil of eucalyptus 30 min. (1*77 c.c.), chloroform 45 min. 
(2 ()6 C.C.), and castor oil 10 dr. (35-5 c.c.), one-half first thing in the 
morning, the other half thirty minutes later, was employed by ^lanson 
as an efficient vtuanifuge in ancjdostomiasis. It can be repeated for 
several days in succession, and can be used with advantage as an 
alternative to other tn^atments. 

Convalescence. — The dieting of convalescents from serious 
ancylostorne disease must, for a time, be very carefully conducted. 
A rich, full dietary is to be avoided until the powers of digestion have 
become re-established ; otherwise, enteritis and diarrhoea may prove 
52 
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very troublesome aud retard recovery — perhaps prevent it altogether. 
Iron and arsenic, which may bo given intramuscularly, are indicated 
as blood restorers. 

Prophylaxis. — In devising a system of prophylaxis for ancylo- 
stomiasis, the fact that it is by means of the fsBces of the already infected 
that tlie parasite is spread must be kept prominently in view. Faecal 
contamination of the soil and water must therefore be prevented. 
The promiscuous deposition of faeces about huts, villages, and fields 
must be interdicted. Abundant and easily accessible privy accom- 
modation must be provided in coolie lines, in miners’ camps, in native 
villages, and along the highways of traffic. In the absence of a mori' 
elaborate system of conservancy, pits or trenches will suffice. They 
may be filled up with earth, and fresh ones opened from time to time. 
The Chinese plan of storing night-soil for months in large, cemented, 
water-tight pits is a good one. It is known that if the eggs of the 
ancylostorne are ke[)t in pure faeces the end)ryo is developed and 
escapes from the eggs in due course ; but it is also known that unless 
the embryo be supplied with a certain amount of air and earth it soon 
dies. The thing to he avoided, therefore, is the mixing of fresh fan-es 
with earth. By the Chinese system the embryos of the ancylostoiia* 
are killed and, at the same time, a valuable fertilizer is secured for 
the agriculturist. 

It is manifest that in devising privies and sanitary regulations 
the habits of the people they are intended to benefit must be taken 
into account ; if native habits and prejudices are ignored, any system, 
no matter how perfect it may be in theory, will fail in practice. 

The water supply should also be carefully guarded from all possible 
sources of faecal contamination. Drinking-water, unless above sus- 
picion, should be boiled or strained. So far as possible, facilities for 
removing all earth and mud from the hands and dishes before food 
is partaken of should also be provided and their use encouraged. 

The destruction or the j)roper disposal of excrement is absolut(‘ly 
effective in the prevention of ancylostomiasis. Ihidly contaminated 
ground had better be abandoned. If this should be found impractic- 
able, the soil should be turned over with the plough, or roasted with 
grass fires, or treated in such a manner that any eggs or embryos it 
may contain are destroyed or buried. The systematic periodical 
inspection of plantation coolies is to be recommended. At these 
inspections all subjects of anaemia or dyspepsia should be put aside 
for more careful examination ; if the eggs of ancylostomes are found 
in their faeces, a judicious dosing with some of the drugs mentioned 
may avert serious disease in the individual, and also prevent him from 
becoming a source of danger to his companions. 

Until a few years ago, efforts at the prevention of ancylostomiasis 
were directed towards treating the surface of the soil, but recent work 
has shown that the ancylostorne larvae spend a considerable part of 
their life in the deeper layers. 
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A most important factor underlying an efficient prophylaxis of 
ancylostomiasis in a community is the life-span of the infective larva 
during its existence in a free state in the soil. Practical experience 
gained by the directing authorities of the “ hookworm campaign ” 
suggests that this is much longer than experimental evidence would 
indicate. According to Cort, Augustine, and Payne, the life of the 
infective larva under these conditions does not exceed six weeks, and 
during that time it does not wander outside a 4-in. radius in a lateral 
direction, but can migrate to the surface from a depth of 86 in. This 
view, liowever, is not generally accepted. Baermann has shown that 
the larva* may be r(‘Cov(^red with ease from soil thought to be infective ; 
the technique consists in placing the suspected soil in a receptacle, 
togetht^r with a quantity of water ; the iarvie then rapidly migrate 
into tie* tluid wli(*r(‘ subsequently they can be easily found and 
recogniz(‘d. 

In view of the great danger to health that exists in certain countries 
from tliis and similar j)arasites, the sanitary authorities in such places 
ought to circulate among the people, by means of printed leaflets or 
]M)st(*rs. a few simple directions for the prevention of ancylostomiasis 
and kindred diseast*s. Xicholls recommended common salt as a 
])ropbylactic agent of some potency. It has the advantages of being 
cheap and, as a rule, easily obtainable. It has an injurious effect 
upon the larvte, but requires to be brought into very intimate contact ; 
mere sprinkling is futile. Solid salt, however, when sprinkled on 
fipces, does not })ent*trate the mass for forty-eight hours. 

Clayton Lane estimated that out of 815 million inhabitants of 
British India, 45 million wage-earners are subjects of ancylostomiasis. 
Linploycrs of labour in the Darjeeling district compute that the 
labourer's earning capacity when freed from this disease is increased 
l)y ‘25-50 per cent. 

An energetic and many-sided campaign against the hookworm, 
already rt*ferr(*d to, was waged in the United States, Asia, and Africa, 
flnanced by Mr. Hockef(‘ller. State and county dispensaries for 
free (‘xamination and treatment of applicants were established. 
The total number treated in 11 States in 1912 was 288,755. A com- 
mission has been working for a number of years, and has treated 
898,556 people at a cost of a little over a dollar per head. The reports 
issued by the Commission contain most valuable statistics, of which 
a few may be quoted. In Panama, in 1916, 80,094 persons were 
examined, and 80*4 per cent, found infected ; of these, 98*2 per cent, 
received first treatment, and 49-9 per cent, were cured. In Antigua, 
of the total population, 98*8 per cent, were examined, and 29-8 per 
cent, found to be infected : treatment was meted out to 92 per cent, 
of tb( infected people, and 96 per cent, of these were cured. In British 
(fuiana, out of 8,900 infected natives, only 8*6 per cent, remained 
as foci of infection at the end of the campaign. In Ceylon, of 4,567 
tea-plantation coolies, no less than 95*6 per cent, were found infected. 
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It is said in the Transvaal that ancjlosloiiiiasis is rifo only in (Ik 
alkaline mines, not in the acid ones. 

l^arUng rtH*(>niinendi‘d that, as the ap-icultura] and mining 
Irttion within tin* tropics is so universally infr<*t(‘il with hookworm, 
the detection of individual infections hy microscopical examination 
is no longer necessary. The population should therefore he treated 
en viasse hy an intensive method. TJie sanitanan should remember 
that an individual may he infected, yet not “ affected " hy the disease. 
Hence, apparently health}^ persons may be a danger to the community. 

Ancylostome Dermatitis 

A form of dermatitis affecting the feet of coolies on plantations 
in Assam, in the West Indies, and probably elsewhere in the tropics, 
and variously known as ground itch, pani-ghao (Assam), water itch, 
water-pox, water sores, sore feet of coolies, cow itch (Queensland), 
sabahones (Venezuela), candelillas (Coloml)ia), chauffie (Grenada), 
mazamorra (Porto Eico), is ascribed to the penetration of the skin 
by ancylostome larvfe, and precedes by two to four months the 
generalized symptoms of ancylostomiasis. The disease is of much 
economic importance to the planter. 

The soil in the neighbourhood of coolie lim^s is extensively con- 
taminated by faecal matter. During rainy weather the ancylostome 
eggs in the faecal material are hatched, and the larva^ escape into the 
damp earth. The bare feet of the coolies are constantly soiled with 
this larva-laden earth ; and in this way, in many (Topical plantations, 
Looss's experiment is unintentionally carried out on a large' scale. 
Dermatitis, vesiculation, and it may be pustulation, or even extensive 
ulceration, and probably ancylostomiasis an.mnia, ensue. A condition 
resembling larva migrans (see p. 852) is often produced by allied species 
i.e. Anajlostomn braziliense and Uncinaria stenocephala of the dog. 
The services of the affected coolie are lost to the planter till the 
irritation subsides and the anaemia is cured. 

Fiilleborn published the ino.st complete account of this subject (1932). 
He points out that the ancylostome larvae can only enh^r the skin when the 
soil conditions are favourable. They cannot enter through water alone, 
nor can they readily bore through the hard skin of the sole of the foot ; less 
easily through the tough skin of the negro than the soft epidermis of the 
European. It has been shown by Khalil that the presence of a suitable host 
has no special attraction to the larvae, but they are attracted by warmth 
(thermotaxis). The appearance of the skin lesions is dependent upon the 
number of invading larvae. As Schiiffner has shown, the inboring larvae 
first form a red point, and soon a small blister forms in which the larva' 
can be demonstrated in sections, and the irritation of the skin is noted after 
some twenty minutes. It is probable that the entrance of the larvae also causes 
opportunities for the ingress of bacteria into the formation of blebs and 
pustules, and that this is the real “ ground itch.’’ It is by no means proven, 
then, that ground itch is a pure ancylostome dermatitis, for it is not found 
in Egypt where ancylostomiasis is rife. 
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Personal cleanliness and the use of some form of foot covering 
(luring the wet s(nison, together with the prophylactic procedures 
lor ancylostomiasis already mentioned, are the special preventive 
measiin's indicated as against this disease. Coolies working on irri- 
gated land should he ])rovided, if possible, with high, well-fitting 
hoots. As regards treatment, antiseptic foot-baths and some soothing 
ointriKMjt are indicated. Treatment with drugs is best effected wdth 
strong salicylic solution in collodion or iru^hyl alcohol. Barlow recom- 
mends B-per-c(‘nt. salicylic acid in ethyl alcohol. 


III. CESTODIASIS 

The ordinary tapeworms, Tcpnia saqinata and T. solium, and their 
cystic forms, are common enough in the tropics and subtropics, their 
distribution ])eing regulated by the presence or absence of their proper 
intermediary hosts — the ox in the one case, the pig in the other, and 
by the habits of the people as regards cooking and conservancy. 

The broad tapeworm {Diphyllobothrium latum) is known to occur 
in Norway, Swecbai, Hussia, Turkestan, Japan (wliere the natives are 
in th(‘ habit of eating raw tish). Lake Micliigan. ^ladagascar, and among 
the natives on tia^ shon's of Lake Ngami, South Africa. 

The very severe ch*gre(* of antemia, referred to with almost wearying per- 
sistence in textbooks, is not seen, in tropical practice at any rate, in associa- 
tion with this parasite. Cases of natural and ex]3erimental infection have 
been seen in whom no gross blood-changes can be found. 

The only ccstodcs of man which, so far as is known, have any 
claim to l)e regardt'd as more or less special to warm climates are 
Hijmenolepis nana, Sparganum viansoni, and S. proliferum. 


Treatment of Tapeworm 


General statement. — Preliminary starvation appears to be 
necessary for two days. On each of tlu*se sod. sulph. i oz., or castor 
oil i oz., should be gi\en to clear out the bowel ; the food should be 
r(*stricted to w'eak tea, toast, and unlimited amounts of lemonade and 
glucose D. A mixture to clear the bowel of mucus is useful, such as : 


Ammon, chlor. . 
Tinct. limon. 
Spirit, chlorof. . 
Aq. ad 


gr.xv (0-972 grm.) 
n|xliv (2*6 c.c.) 
n\x (0-592 c.c.) 

5 SS (14-21 c.c.) 


Lixen, or some pr(*parati(m of senna, is preferred by some as a suitable 
aperient. 

I. Filix-mas treatment. — Eilix-inas is the rhizome of the male 
fern and it contains 5- 8 per cenit. of lilicic and {filicin) and a variable 
amount of aspidin ; both these substances are anthelmintics. 
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Extractum Jilicis hqmdum, dose 45-90 min. (2- 66-5* 33 c.c.), has a 
disagreeable taste and is apt, to cause vomiting, so the drug is best 
prescribed in gelatin capsules. When prescribed in draught, it is 
best given with mist, amygdala^ or with essential oils, e.g. cinnamon. 

Hauslus filicis viaris consists of ext. tilic. liq. 1 dr., syrup, zinzib. 
1 dr., tinct. quillaia i dr., aq. nienth. pip. to one ounce. 

The capsules contain 15 min. each of the liquid extract. The 
dose of these is one to six, according to the age of the patient. It is 
effective against Tcenia saginataf T. soliunif and especially against 
7). latum. The most diOicuIt species to dislodg(' are T. saginata and 
Hymenolepis nnna. On the morning of the treatment the patient 
should have a small cu}) of tea. For a fully adult man tlu^ full dos(‘ 
of filix mas is H dr., for a female 1 dr. For specially resistant cases 
the Editor has prescrib(Ml up to 120 minims (2 dr.) with safety. It is 
given as follows : — 

At 8 a.m. two capsules of 15 min. of tilix mas. 

8.30 a.m. repeat. 

9 a.m. repeat. 

The patient must then lie perfectly quiet and tak(^ nothing but a 
few sips of water. At 10.80 a.m. lialf an ounc(* of sod. sul})li. should 
be given. The bowels being opened freidy by tlie salts, segments of 
the tapeworm should soon appear : all motions should be saved and 
strained to search for the head ; should this not be seen, a soa|)-aiid- 
water enema should immediately be given. Very often, howev(‘r, 
the head is not found and it may be i)assed s(q)arately several days 
after the cessation of treatment ; therefore failure to demonstrate 
the head does not necessarily indicate that the patient is not cured. 

Some authorities reinforce this treatment with a mixtun* containing 
oil of turpentine 20 min. einulsitied with mucilage of acacia, or wirl) a 
eucalyptus oil mixture containing 15 min. (0-88 c.c.) of (‘ucalyj)tus. 

Sitting upon a night commode containing steaming hot water is 
said to entice the tapeworm down the bowel and render thf' head more 
easily detachable. The patient must rest in b(‘d the whoh' day wluui 
undergoing treatment. 

Oleoresin of aspidium (U.S.P.) contains Jilicin, the anhydride of 
filicic acid. To be successful the oleoresin siiould have b(a*n recently 
prepared. The patient should fast the day previous to treatment. 
At 6 p.m. on that day 30 gr. of mag. sulph. are given, and again on 
the morning of the treatment a similar dose. Ish) breakfast should 
be taken, and after tlje bowels have been opfaied J oz. of the following 
emulsion is administered. 

Oleoresin of aspidiiim . . 31 (3-89 grm.) 

Pulv. acac 3 ss ( 1 • 944 grm . ) 

Aq. dest. ad . . . . (28-42 c.o.) 

An hour later a second dose of ^ oz. is given, and after a further 
interval of two hours, a soap-and-water enema. 
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IntraduodencU treatmeM of tapetvorm . — Sawitzky recommends 30 grm. 
sod. sulph. in the afternoon, and the patient should be starved for the rest 
of the day. Next morning the bowels are opened by an enema, the patient 
swallows a catheter and is placed on his right side. Penetration of the 
catheter into the duodenum takes place in 1-2 hours. He is then turned 
on his back, and a small glass funnel is attached to the catheter. An 
emulsion of ethereal extract of male fern 50 grm., gum arabic mucilage 5 grm., 
sodium bicarbonatt^ ()'5 grm., distilled water 50 c.c., is prepared. About 
three-quarters of this amount, equivalent to 3-4 grm. (50-60 min.) male fern, 
is introduced ; immediately 50 c.c. (IJ oz.) of warm 50-per-cent, solution 
of sodium sulphate is poured in and the catheter extracted. Expulsion 
takes place in two hours. 

II. Pelletierine. — Coininercial pelletieriii(‘ is a mixture of two 
alkaloids, pelletierim^ and isopelleterieiie, and is obtained from the 
stem and root bark of the ])omegranate {Punica cjranaium). 

PeAletierine iannaie, a mixture of the t annates of the alkaloids, is a 
light yellow powder, slightly soluble in water (1 : 700), but soluble in 
90-per-cent, alcohol (I : 80). The dose is 7 gr. dissolved in alcohol, 
followed two hours later by castor oil 1 oz. : a soap-and-water enema 
may be necessary. 

Pomegranate hark is an infusion of the root bark of Punica granatum : 
150 grm. are infused for twelve hours in a litre of water and then boiled 
down to half, and can be given })y tlie mouth or be passed into the 
duodenum by Kinhorn's tube. Before use the decoction is warmed 
to 100 ' V. and three dos(‘s of 65 c.c. (3 xviii) each are given at half-hour 
intervals, followed by a saline purge, after which the catheter is 
withdrawn. 

III. Melon seeds. —These are obtained from Curcubita maxima, 
a native of the Levant. For medicinal use they should not be more 
than a month old and should be deprived of their seed-coats. They 
do not kill th(‘ tapeworm, but when followed by a saline purge, they 
do bring it away. The dose is 700 grm. for an adult, and the bruised 
seeds may be niixt^l witli honey or milk, or with stewed fruit, and 
given on an emj)ty stomach in tlie morning at 6 a.m. At 8 a.m. 8 oz. 
of mist, alba an? giv(‘n. This is the average dose for an adult. 

IV. Areca nut. — Areca nut (Areca catechu) is used in China. I'lie 
dose is 30 grm. of powdered betel, boiled for thirty minutes in 200 c.c. 
of water and taken on an empty stomacli. 

V. Sostol (Bayer), a soluble yellow crystalline powder, is the 
hydrochloride of an acridine compound, and is said to be specially 
efficacious in J)iphyIlobo(hriiim and Hymenol(?pis hifections. The 
usual preparation is required. Sostol pellets are given early in the 
morning on an empty stomach, and adults receive 6 pellets of 0*1 grm. 
(1| gr.), followed tliree hours afterwards by castor oil or a saline 
aperient. Children up to four years of age should take 1-2 pellets and 
children of from five to eight, 4 pellets. 

VI. Alternative treatment. — Carbon tetrachloride anaesthetize 
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tapeworms and, especially when combined with oil of chenopodium. 
aids in their expulsion. It is combined in the following mixture 

Carbon, tetrachlor. . . 3i (3-5 c.c.) 

01. chenopod. . . . . n[xv (0-88 c.c.) 

Paraff. liq. . . . . (28-42 c.c.) 

This should be given in two doses as in ancylostomiasis. Adults should 
receive the full dose ; children under six, 2 dr. ; up to eight, 3 dr. ; 
up to fourteen, 4 dr. The mixture should be made up fresh daily. 
Half an hour afterwards the patient should be given a saline aperient, 
or p^ilv. jalap, co. 1-2 dr. (3-55-7 c.c.) may 1)6 used. The p]ditor has 
had the best succ(‘ss with this treatment in the case of T. solium. 
Hymenolepis nana (see p. 927) is extremely difficult to dislodge. 

After-treatment. — In those not infrequent cases in which the 
whole of the tapeworm, including the head, is not removed, efforts 
should be made to prevent the further growth of the helminth. A 
substance called Helminal^ (Merck), made from a marine alga, is now 
on the market and should be given in three tablets three times daily for 
three days. For children and infants a granular form is put up, a small 
teaspoonful, three times daily, being sufficient. Beta-7iaphtliol 15 gr. 
(1 grm.) {see p. 814) in tablet form should be taken first thing in the 
morning on an empty stomach for ten days. Pijmosel, which contains 
20-per-cent. Pyrethrin and is made by Vermenes, Paris, is specially 
suitable as a vermicide for children. The dose is one teaspoonful 
before breakfast, and can be repeated for ten days.^ 

IV. CYSTICERC0SI8 

Though the cysticercus, or bladder- worm stage of Toonia solium^ normally 
develops in the pig and infection of man takes j)lace by eating pork, which 
contains the larval cysticerciy yet occasionally man hims(df may serve as the 
intermediate host through the accidental ingestion of the eggs of T. soli urn. 
The embryos may migrate to almost any organ, especially the muscles of 
the tongue, neck, or ribs and sometimes the lungs, liver, or heart, and tlu-y 
have actually been removed from the eye. One of the most striking reccuit 
contributions to medicine has been the demonstration by MacArthur tliat 
the embryos show a peculiar predilection to invade the brain. It has been 
known for some time that individual cases of cysticercosis may be accompani(‘d 
by epileptic seizures ; but it has only been recently recognized that the 
frequency of epilepsy in the British Army, especially in soldiers who have 
served abroad, is duo to cysticercosis of the brain. The onset ol epileptic 
seizures in a previously normal adult after, or during, service abroad should 
suggest this possibility. The possible extent of indigenous cysticercosis in 
England is, however, unknown. One of MacArthur’s cases contracted the 
infection in England. 

Recent investigations on epilepsy in young, and otherwise healthy, soldiers 
with good antecedents, has shown that cysticercosis is the cause. Out of 
one batch of 22 castes investigated by MacArthur ten were proved to suffer 
from cysticercosis. In another 82 cases in British soldiers, evidence of in- 
fection with Tcenia solium was obtained in 22. 

’ This can also be used in ascariasis. 

- ilarwood, (’licmi.st, Watford, Herts, 
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In some instances the fits commence about the time the cysts are first 
cletecUjd ; in others there may be a quiescent j)eriod of some years between the 
appearance of the cysts and the first ey)ileptio seizure, or in other instances 
the cysts may become palpable subsequent to the onset of epileptic fits. 'I'he 
number of palpable cysts varies widely in different cases. Large ones 
which bav(*. been under observation for years may vanish in a few days. 
The larger ones usually contain dead larvae and the cyst capsule is tense 
owing to the large amount of contained fluid. The death of the larva 
is in some way associated with an increase of this. 

Pathology. - In the brain the cysticercus becomes enclosed by a 
wall of THMiroglia ; small round c(‘lls and a few plasma cells are present between 
the delimiting neuroglia and the surrounding normal brain tissue. When 
alive, the cysticerci enjoy a relative tolerance on the y)art of the host, but 
after d(‘ath th(‘v act as foreign irritants; the tissues surrounding dead and 
disinU'grating cysticerci undergo activ'c degenerative changes with a marked 
cellular n'sponse. To the naked eye the degenerating tissues may be 
visible around the cysticercus as a discoloured ring, and later, if the patient 
survives, they undergo necrosis. This dead area, which may extend 5 mm. 
heyorifl the cysticercus, is ringed off from the normal brain by a wall of 
sclerosed neuroglia. 

AftiT a variable j)eriod determined in part by the resistance of the host, 
tlu‘ j)arasites die and often undergo calcareous change. ( ■alcification com- 
mences in the scolex, w'hile the cyst capsule and its contents are unaffected. 
( alcification may stop at this point, and the cyst-wall may collapse through 
the (*scaf)C‘ of the fluid, or the collapsed cyst may Ix) flattened out by pressure 
of the surrounding muscles and calcif}^ in an extended form. Apparently 
a i)eriod of three years is necessary after the death of the cysticercus for the 
scolcx to calcify. Calcification of the cysts in the brain takes a much longer 
time to complete. 

Symptoms. — Tlie fits themselves may resemble those of the Jacksonian 
ty])e, with cyanosis, biting of tongue, and involuntary passage of urine. 
In some instances, again, th(*y are irregular in type and cerebral tumours 
may b(‘ sus})ected. Nervous symptoms other than fits may be produced ; 
thus the initial clinical picture may be that of disseminated sclerosis, or of 
cerebral tumour, rsychical statc*s rna}^ be produced, with cerebral irritability 
and loss of memory. 

Usually the process of invasion with cysticerci gives rise to no general 
reaction, but the infected subject notices the gradual development of small 
subcutaneous or intramuscular swellings. More rarely, a general toxaRniia 
with pyrexia develops. Sometimes, too, the localized intramuscular sw^ellings 
resemble a muscular dystrophy. Again, cysts may be present in large 
numbers without the patient’s knowledge until they are discovered accident- 
ally by radiological examination. As a rule, there is no ascertainable history 
of tapeworm infection ; though in one case the first fits commenced during 
treatment in hospital for this disease. There may be a history of incomplete 
fits, often regarded as hysterical, and every degree from jxitit mal to Jacksonian 
epilepsy. Intense headache may be the one symptom preceding a fatal 
attack. Psychical disturbances may appear and melancholia, or acute 
mania, dominate the picture. 
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Diagnosis. — The most hel})ful sign in diagnosis is the development of 
palpable cysts in the tissues, and these may number from one to thirty or 
more. The cysts themselves may be the size of a hard j)ea, a hazel-nut, or 
even a pigeon’s egg. Their situation varies enormously ; they have been 
found in the lijjs, masseter muscles, neck, chest, abdominal walls, back, and 
groin. Cysts, if not numerous, are easily overlooked. Indeed, unless evidence 
of cysticercosis is S3^stematically sought for, the diagnosis may be missed, 
as the nodules may be absent at the time of the examination, only to come 
out in crops at a later date. The radiological evidence ma\' not be convincing 
for some years, as calcification does not take place for four or five years 
after infestation. 

After a time of very variable length, the contained larva dies and becomes 
calcified — a process which commences in the parasite itself and then extends 
to the cyst-wall. Usually the larva becomes calcified during a jx^riod of 
four to five years. In order to demonstrate it, a suitable cyst is excised under 
local anaesthesia and the host capsule is enucleak^d, so as not to injure the 
cysticercus. The appearance (.)f the translucent membrane with its central 
“ milk spot ” is characteristic. If alive, the parasite may evaginate the head 
and neck, or it may be induced to do so by immersion in hot saline. 

When the parasite has calcified, a good skiagram will show it as a small 
elongated shadow, but the completely calcified cyst gives a very characteristi(' 
appearance (Plate XX VIII). Kvidence of calcification within the brain has 
been demonstrated in five cases. Unfortunately the eosinophile cell is no 
aid to diagnosis, as in no cases so far investigated has an increase been noted. 
Complement-fixation tests have proved disiippointing, and it has been show^n 
that a negative test does not exclude the j)ossibility of infection, and the 
intrademal Casoni test is positive in about 50 per cent, of cases. Trawinski has 
developed a precipitin test, using an antigen made from Cysticercus cellulosfr. 

Apparently no prophecy can be made upon the duration of the epikiptic 
symptoms. Sometimes the epileptic seizures cease w ithout apparent causes ; 
in others they persist for eight j^ears or more. There have been several 
fatal cases in which the cysts have been found to be limited to the brain. 
There are no constant changes in the cerebro-spinal fluid. 

Treatment. — Intravenous injections of antimony tartrate have been 
tried out, but often w^ithout much effect, and although instances of successful 
localization and removal of single cerebral c^^sticercal cysts have been recorded 
in the literature, usually such an interference is unjustifiable. Luminal and 
bromides are helpful in controlling fits. Observation on tissue changes w'hich 
follow the death of intracerebral cysticerci would suggest that destruction 
of large numbers of these parasites might only make matters worse. 

In actual practice temporary amelioration of symptoms after removal 
of one or more cysts has often been followed by the death of the patient. 

Prophylaxis. — This cannot be undertaken until the source of the in- 
fection has been ascertained. It is commonly believed that human cysticer- 
cosis is an accidental complication occurring in the host of an adult tapeworm, 
the auto-infection being caused by the ingestion of eggs or possibly by 
regurgitation of segments into the stomach. Much more probable is it that 
the infecting eggs are conveyed from some extraneous sources in much the 
same manner as are the cysts of Entamceha hiatolytica., and it is possible that 
the infection is acquired in some way from pigs, either by eating sausages 
made from the intestine's, or through some contamination })y pig’s excreta. 
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OHAPTEll XLV 

VEGETABLE POISONS 

An exhaustive account of the various poisonous plants, tlieir uses 
and antidot(‘s, is beyond the scope of the present work. All that 
can l)e done is to indicate those of most importance to the tropical 
practitioner. 

POISONS rSEl) POP CRIMINAL PURPOSES 

Of inorganic poisons, the one most generally used by tropical races is 
arsenic in some form, cleverly intermingled, as a rule, with Hour, or even 
inserted into the grains of maize or millet, or intrcKluced into sweets, as in 
Egypt ; in Malay, powdered croton seeds or datura are used. Native races 
usually possess a much wider and more intimate knowledge of organic poisons 
than do civilized jmhijiIcs. 

In Brazil, common native poisons are derived from Pnullinia pinnaki, 
\\hich contains an alkaloid, timboin, and from the fruit of Theveiia nhouui, 
of which the active priiuaple is thereiosin ; both of th(\se excite vomiting 
and cause respiratory failure. 

In the Dutch East Indies a poi.«ion extracted from the roots of Milletia 
.sericea is employed, which produces debility, headaclie, diarrlioea, collapse, 
and d(‘ath. 

In the l^acific islaiuls the native poison is obtained from the fruit of 
Barr ington in sped osa . 

Ill India a large nundier of vegetable poisons are in use. In the Madras 
and Bombay Presidencies an extract is obtained from the roots of Nerimn 
odoruiiiy the white oleander, which contains two ghu osides having a specific 
action on the heart. Similar substances, iirechitin and urechitoxin, derived 
from Urerhites suberecta, exert a cumulative action, and therefore sudden 
death may take place \\’ithout suspicion of poisoning being aroused. 

The juice of an Asdepias is used in India as an infanticide ; the symptoms 
induced are vomiting, salivation, and cramps. The roots of various species 
of aconite (A. ferox, etc.) are used for the same purpose ; death is said to 
take place rapidly — in three to six hours, as a rule. Several sjH'cies of Apo- 
cynaceas such as Cerbera odollam and Thcvetia 'nertifolidy the sap and seeds 
0,' which contain a glucoside, ihevetm, are very deadly death from cardiac 
failure taking place in from twelve to fifteen hours. In Southern India, 
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Burma, and Ceylon a decoction of the fruit of the Olorioaa superba, one of 
the Liliacese, allied to squills, is employed for criminal and suicidal purposes. 
The active principle, superhm, causes gastro-intestinal irritation and cardiac 
failure within four hours. The commonest poison in India and Ceylon is 
the datura, one of the deadly nightshades, of which there are several species. 
The seeds, mixed with food or drink, produce a state of extreme mental 
exaltation, followed by coma ; the active principles are atropine, hyoscyamine, 
and scopolamine. 

In Africa the leaves of Hyoscyamns fahezlez, containing hyoscyarnine 
and scopolamine as active principles, are used by the I'liaregs of the Sahara. 
On the West Coast, a decoction of a cactus, colloquially known as “ oro,” 
produces blisters in the mouth, vomiting and gastro-intestinal irritation, 
collapse, and death within a few hours. In China, opium is the poison 
most frequently used, especially by women, for suicide. 


DISEASES DUE TO THE INOESTIOX OE POISONOUS 

FOODS 

Lathykism 

This disease, characterized by various nervous inanih'stations. such as 
ataxy, spastic paraplegia, weakness, and muscular j)aius, without any psychical 
disturbances, occurs in Aby.ssinia, Algeria, and India in those districts in 
which vetches, “ Khasari,” Lalhyrus saliva and allied s{K‘cies, form the main 
article of diet. A similar disease occurs in animals fed uj)on the same food. 
The arms and trunk are seldom involved ; incontinence of urine and sexual 
impotence are early and common symptoms. The diseases is very chronic 
and seldom ends fatally. Weeds which contaminate the true khas^iri, such 
as “ akta ” ( Viciu saliva), contain bases with alkaloidal projKTties such as 
vicine and divichie ; the latter in combination with a glucoside produces, 
on inoculation into guinea-pigs, a fatal discjase. 

Atkiplicism 

A combination of curious cutaneous and nervous symptoms is known 
in China under this name. It is an intoxication caused by ingevstion of the 
leaves of Alriplex lilloralis. The earliest symptoms consist of great itching 
of the hands, followed by (edema, and often by bullae as well ; the fing(‘r-tij)s 
may become gangrenous, cutaneous hairnorrhages may occur, and the lace 
and eyelids become cyanotic and oedematous. In many ways the condition 
resembles Raynaud’s disease and erythromelalgia. Yu Ky has described a 
condition after eating the leaves of A lriplex serrata, or (^henopodiurn hybrid u rn, 
in which the symptoms and signs are similar to the foregoing, and it is con- 
sidered that the skin lesions should be ascribed to a light-sensitive dermatosis. 

Ackee Poisoning (Vomiting Sickness of Jamaica) 

An acute and very fatal condition, locally termed “ the vomiting sickness,” 
has been known for many years in Jamaica. It is found principally in rural 
districts and occurring in what were regarded as circumscribed epidemics. 
The causation and nature were neither apprehended nor understood, although 
several Commissions had attempted their elucidation. To Dr. Harold Scot 
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belongs the merit of clearing up the mystery, and indicating simple and 
practical methods of prevention, which, if effected, has averted a considerable 
mortality, particularly among children. It is estimated that since 1886 over 
5,()()0 iiv^es have been lost in Jamaica from this cause alone. 

The vomiting sickness is confined to the West India Islands, practically 
to Jamaica, and occurs j)rincipally in the cooler months, from November 
to April. 

Symptoms. — A previously healthy child suddenly comj)lains of abdominal 
discomfort, vomits several times, apparently recovers, and perhaps falls 
asleep. Three or four hours later, vomiting — now of a cerebral type — recurs. 



hi};. 168. -Ackee fruit. J naf. size. {Photo: Dr.C.M. Vcvers.) 

Within a very short time, a few minutes perhaps, convulsions and coma 
8Ufx*rvene ; and death follows, on an average, about twelve hours from the 
oncoming of the initial vomiting, though it may occur in as short a period 
as one and a half hours. The case-mortality amounts to 80-90 per cent. 
In those who recover, convalescence is complete in twenty-four hours. 

During the attack the temperature is normal or subnormal, rarely rising 
to 101° F. ; the pulse is 90 to 100 ; the respirations are 26 to 30, sometimes, 
as death approaches, being of the Cheyno-Stokes type. The pupils are slightly 
dilated and, until near the end, react to light, etc. Unless during the con- 
vulsive seizures, there is no muscular rigidity. Post-mortem examination 
reveals hy})er8emia of viscera with a tendency to minute intestinal hajmor- 
rhages, together with marked fatty changes, especially in the liver and kidneys, 
and sometimes to a less degree in the pancreas and heart-muscle. 
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iEtioIogy.— Scott has shown, on what must be regarded as convincing 
evidence — clinical, seasonal, epidemiological, and experimental — that the 
vomiting sickness is really the result of poisoning by a fruit, much used by 
negroes in Jamaica, called ackee, the fruit of Blighia sapida (Fig. 168), a tree 
very common in the island. A similar fruit is found on the West Coast of 
Africa, where it is known as Isin. When mature and in good condition, this 
fruit is wholesome enough ; if gathered before it is (juite ri[^ and before it has 
ojwned while on the tree, or if gathered from an injured branch, or opened 
after falling on the ground, it is poisonous. It would appear that the poisonous 
element in the immature and unsound fruit is soluble in water, for the “ pot 
water ” in which the ackees have been cooked is miudi more toxic than the 
cooked fruit ; and, further, that the poison is precipitated by alcohol. Jordan 
and Burrows have shown that the toxic ])rincipl(‘ is also contained in the 
seeds and in the arilli of the ackee which have not yet ‘‘ opened ” in the; 
natural w^ay. The nature of the toxic principle has not yet been ascertained. 

Treatment. — An emetic, and w ashing out the stomach with an alcoholic 
fluid during the primary vomiting, st‘em to he indicated. Scott is insistent 
that the administration of alcohol must be })rompt. 

Prophylaxis.- When the fruit in various stages falls to the ground, 
only the opened pods, that is the ripe fruit, should be used for food. The 
immature unopened ])ods should all be destroy(‘d. 

Manioc I’oisomna; 

Mdnikot aipl (sweet cassava) and Manihot ntiiisshna (bitter cassava) are 
ground roots extensiveh^ used in the West Indies. From the latter are 
produced starch, tapioca, and cassava cakes. Poisoning by the latter arises 
from the failure to remove the contained glucoside and enzyme. In the 
preseiu’c of water these release free hydrocyanic acid, and nausea, vomiting, 
distemsion of the abdomen, and imj)eded respiration result. 

Nami iI)i(Asc()/ra hLspidft, Demist, and I). Bl.) is a colloc(uial term 

for a sjiecies of yam, enpiloved for food in parts of tla* Philippines. Its 
use has frequent l\ caused idod poisoning, and oc(?asionally it has Ixicn [lut 
to criminal puqioses. An alkaloid has been ohtain(‘d fi'om the 

full-grow n tubers. 

CoiiAi. Pl\n'I’ {J(ilru])lia mnlfiji(l((, L.) 

Coral-plant poisoning has been lepoited by Kaymond fiom Tanganyika, 
the symptoms being colic, cramps and thirst, with a subnormal t(‘m])erature. 
Two species, J . curcas and J . ghitiduli/rra, are common in th(‘ West Indies, 
J, glanduliferdy since* it grows rapidly, being used in damaica for fencing 
compounds. The nuts taste very like sweet almonds, and the plants are 
known as physic nuts ” ; a third species, J . multifida, is know n as tlu^ 
“ French physic nut.” J . gossipy if olia, wdiich occurs in the West Indies, is 
known as the wild Cassava, or “ Belly-ache bush,” and its seeds contain an 
intestinal irritant like croton oil. A fifth species, J . urens, from the same* 
area, bears leaves provided with stinging hairs, w hich cause itching, smarting, 
flushing of the face, swelling of the lips and faintnt^ss. Recovery is rapid 
after ejection of the poison by vomiting. 

JliNailOL Pu JS( MN<; 

Jenghol poisoning (Djenkol) occurs in Java from eating a bean, Pithe- 
colobium lobaturn^ and has been described by de Langen, Hijman and Van 
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Wen, Djenkol acid iw }M*lieved respoiiaiblc, The Hvmptorna are 

chiefly pain in ihe renal regions, dysnria, and often anuria. The urine 
frequently contains blood-easts, and shai p a(dd (uystals, the chemical composi 
tion of which has been worked out. The presfmcc of these crystals in large; 
numbers in the urethra causes necrosis, listula, and extravasation. The 
jenghol bean has a high vitamin -B content and is used as food in spite of its 
toxic properties. The eating of these beans by normal jiersons is followed by 
an incr(‘ase in th(‘ excretion of sulphur. 

1 )ati:i{a Boisonjni; 

Various plants belonging to tin* order 8olanacea" are used in many parts 
of the tropical world to produce umainsciousness. The seeds of Datuni 
fastuosa are used by Thugs in India for this purpose, but datura poisoning is 
by no means confin(‘d to India. The seeds have only a slight taste and are 
consequently easily introduc(*d into food ; their intoxicating properties an* 
widely known. IJ. mnguinca is used in Peru and Colombia, and D. ferox 
and I), arborea in Brazil. The characteristic seeds are found in the fieces 
and, in fatal cases, in the small intestine. 

M A N e 1 1 J N i«: E L P o 1 s ( ) N I N ( i 

The manchinecl, or manchineale (Sj)., inanzmiilla), Uipponmnv mancindlaf 
belongs to the order Kujihorbiaciie and is a tree distribut'd along the coast- 
line of North, South and Central America and the West Indies. It is par- 
ticularly common in Barbados, the Grenadine Islands, and the Archipelago 
of 1x^8 Saintes, in French West Indies. Two varieties are recognized, one 
with “ holly ” and (me with “ laurel leaves ; both are equally toxic. The 
first, which resembles a (;rab-apj)le, has a pleasant odour. 

The laU'x contains a greenish resin, which is the active toxic principle, 
hike the Upas tn‘e, the manchine(‘l has been said to bring death to those 
w ho sl(H*p under its shade*. All parts of the tree are toxic, but the amount of 
latox in any portion varies with the season ; even the dry wood and sawdust 
are endowed with irritant projxirties. Hypersensitive people who pick tin* 
manchineel apples (or fruit) may sufl’er from a skin eruption, erythema, 
bulla* and vesiculation appearing. The toxic dermatitis is especially liable 
to affect the genitalia and the anus, causing a vesiculo-j)ustular eruption 
which may be (!onfined to the corona penis. A conjunctivitis with pain, 
photophobia and blepharospasm may result from the introduction of the 
latex into the conjunctival sac. '^fhe severe dermatitis brought about by 
handling the dried wood-powcler is thought to be an allergic manifestation. 

If the fruit is eaten, as it may be, by ignorant visitors, children or insane 
fieople, vesiculation of the buccal mucous membrane with diarrln^a and 
blood-and-mucus stools may ensue. Fatal poisoning may result. 

As regards ti'eatment, it is recommended that manchineel juice on the 
skin should be washed off with sea-w’ater. Blisters should be kept aseptic, 
and if extensive should be treated like a second-degree burn. When the 
fruit has been eat(*n, emesis should be induced. 

Alcoholism and Drug Habits 

Alcohol poisoning occurs in varying degrees among nearly all native 
races, and in its symptoms and course does not differ materially from alco- 
holism in other parts of the w^orld. Bum (65-72 per cent, of alcohol), obtained 
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from the fermentation of molasses, is used in the West Indies and South 
America ; arrack (50-60 per cent, alcohol) is manufactured in India, China, 
and Java from fermented rice or from palm sap ; while a slightly fermented 
drink known as toddy is obtained from sweet sap of various palms, and is 
drunk in India, Ceylon, and West Africa. In South America a potent 
alcoholic drink is made of the fermented juice of Agave ainericana , and is 
known as “ pulque.” 

Opium poisoning. — The opium habit, either as eating or as smoking — 
the symptoms of which are too well known to require description — is common 
throughout the tropics. Opium poisoning is also a favourite form of suicidi*, 
especially among women. 

Cannabis indica. — Indian hemp, or hascheesch, grows in India, Persia, 
and Arabia, and is a variety of the common hemp, Cannahis sativa. The 
leaves are powdered down, and either chewed or smoked as a preparation 
known as bhang ; an extract of the flowers is known as ganga. Both thesis 
preparations cause great nervous excitement and, if jiersistently used, often 
lead to permanent insanity, the main features of vhich are hallucinations 
and illusions. Hascheesch in its various preparations, often with the addition 
of extracts of various Solanacea*, such as datura and mix vomica, is habitually 
taken daily by millions of the inhabitants of Africa and Asia. The most 
stringent Government regulations have been framed v ith a view to supjiressing 
trade in this drug. 

Kawa or yangona, the fiowdered root of one of the ]*i|K'racea*, ])rej)ared 
so as to form a beverage, is drunk on festive occa.sions throughout Polynesia. 
Formerly the root was masticated by specially selcctt^d girls previous to 
the final steps in the preparation of the drink, a ])racti(;e which was a prolific 
source of tuberculosis, and on that account prohibited. Over-indulgtmce 
in kawa induces a state of hyperexcitement, with loss of power in the 
legs. Chronic intoxication induces a condition of debility, with coarse 
roughened skin. 

Betel. — The chewing of bet<*l, the leaves of Piper heiel, together with 
lime and areca nut (Areca catechu), is a common practice in India and (Jeylon, 
and generally throughout the East. The mouth, lips, and teeth are stained 
a bright-red colour. It jiroduces a flushing of the fac(', has a mild stimulant 
and possibly anthelmintic properties. In Central Africa the nuts of the kola 
tree (Sterculia sp.) are chewed habitually, and act, like betel, as a muscular 
stimulant, without, it is said, producing any detrimental effects. 

Epidemic Dropsy (Mustard-oil Poisonino) 

Synonym. — Famine Dropsy. 

Definition. — Epidemic dropsy is a disease sonK^what resembling 
beriberi. Clinically, it is characterized by dropsy associated with cardiac 
symptoms, but w ithout marked paralysis or ana3sthesia. 

History and geographical distribution. — This disease was first 
noted in Calcutta in 1877 ; it has since occurred th(;re sporadically, but 
vanishes in the hot season. In Mauritius in 1879, it affected one-tenth 
of the coolies, of whom a large number died. An epidcunic broke out 
in Fiji in 1926 and was curiously limited to Asiatics ; no native Fijians 
were attacked. In Purulia (Nagpur, India) there have been e})iderni(;s at 
intervals since 1913, the worst being in 1934, when over 2,0(K) persons wa‘re 
attacked. 

iEtiology. — In spite of the apparently wide distribution of epidemic 
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droim}' moHt of our information romes from India, whero the disease evinces 
a. remarkable predilection for the Hindus, especially for the female sex- 
( children under pulM‘rtv are less liable than adults ; sucklings are seldom 
affected. The weak and the n)bust are (‘qually Husceptible. It has been 
remarked that very lew^ of the victims an* of the ])oorei' class, nearly all 
coming from the middle arid upper (iJasses. X<j infantile form of this disease 
has been described. 

(jlreig, who made a special study of the disease* during the epidemics in 
Calcutta concluded that in many ways epidemic dropsy resembled ship 
beriberi, while obscurations on war cjedema seemed to indicate that a diet 
deficient in fats })layed the chief part ; others, again, regarded the disease 
as due to a deficiency of calcium salts. Diminution of the circulating protein, 
by decreasing the osmotic pressure, may lead to oedema of the tissues, as 
Eckstein has demonstratt'd in the mdema of chronic parenchymatous nephritis. 
In epidcunies of beriberi the absence of nerve symptoms is the exception — 
in fact, is very rare, and always concurrent with other cases in which nerve 
sy mptoms are pronounced, and with purely atropliic cases ; such have not 
been seen in the Calcutta or the Mauritius epidemics. Some modern observers 
in India, especially Acton and Knowles, Sarkar, Gupta, Megaw, and Banerji, 
attributed the symptoms to intoxication caused mainly by rice which has 
been damaged from faulty storage. Recently it has been commonly suspect(*d 
that some abnormal ingredient of the food is the cause. 

An outbreak in Fiji in 1926, which was confined to the Indian 
})opulation, was attributed to mustard oil used in the preparation of 
(•iirries, and later, Banerji and Ghosh in Bengal came to the same 
conclusion. Strong support for the mustard-oil theory lias recently 
been brought forward by Lai, Boy and Ghosal in Calcutta. In 1985-6 
they made a house-to-houso enquiry in seven different centres where 
outbreaks had occurred, and they found that the disease had afflicted 
many middle-class adults, especially Bengalis and those who adopted 
the same habits, and there was no evidence that rice per se had any 
bearing on the disc^ase. Bengalis, who were most susceptible, are the 
main consumers of mustard oil and it wyas found that there were no 
cases among non-consumers of the oil and that the incidence of epidemic 
dropsy increased with the amount consumed. 

Experiments among volunteer convicts in Calcutta jails showed 
that all six persons who were given “ suspected oil ” developed the 
characteristic symptoms after five or six days, while the controls 
remained healthy. This work supports the view that the disease is 
due to some substance, probably a chemical poison, occurring in soffie 
consignments of mustard oil. 

According to Hawes, the essential substance in mustard-oil poisoning 
IS allyl-isothiocyanaiCf and the changes in the oil take place when it is 
cooked at a high temperature. Confirmation of this is to hand from 
the experiences of Landor and Williams in Singapore, where they 
observed three cases, all livdng in the same house, who had partaken 
of the same mustard oil. Lai and Boy in Calcutta have found that 
the “ mustard-oil theory ” is popular among the lay people, and they 
conducted feeding experiments on 12 healthy young subjects. On 
53 
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the fifth day, symptoms were noted, consisting of fever with mdeina 
of the legs. 

Pathology. — De describes extensive vascular dilatation in the 
deeper layers of the skin, and this is regarded as a charact eristic feature 
of the disease. The heart-muscle shows no degenerative changes, 
but there is thinning of the muscle-walls and the muscle fibres are 
separated by dilated capillaries ; similar changes are present in the 
ciliary body of the eye, leading to excessive fluid in the anterior chamber. 
Shanks also finds capillary dilatation wherever the vesscds are least 
supported, and this is most obvious in fatty tissues, whether sub- 
cutaneous, subpericardial or subperitoneal. Similar changes are seen 
in the lungs, in the cervix uteri, in the ovaries and in the intestines. 
The liver usuall}^ presents a “ nutmeg ” appearancai (Shaha). In Phji 
the vascular outgrowths resembled sarcoids and bl(‘d profusely, but it 
has been pointed out that they are not true sarcoidal growths. The 
chief changes occur in the blood-vessels, which are dilated and sur- 
rounded by proliferating endothelial cells. It is the formation of new 
capillaries which brings about the resemblance to sarcoids. 

Chatterjee and Haider state that in an average case the total 
erythrocyte is about 3*8 millions, whilst the Inemoglobin is reducc^d to 
11 grm. per 100 c.c. As regards the differential count, the lymphocyte 
percentage is raised and there is usually a considerable eosinophilia. 
The reticulocytes are not increased as a rule. 

Symptoms. — Dropsy is almost invariably present. It usually 
appears first in the legs, and in some instances is confiiKHl to the lower 
extremities ; in others it spreads and involves the entire body. Occa- 
sionally it is very persistent, recurring during convalescence. F(‘ver 
also is very constant ; sometimes it precedes, sometiira^s it accompanies, 
sometimes it follows the dropsy. It is rarely high, ranging usually 
from 99° to 102° F. Diarrhoea and vomiting geiH*rally usliered in the 
disease in the Mauritius epidemic. In Calcutta th(‘se symptoms were 
not so frequent, although by no means rare there, occurring at laffh 
the earlier and later stages. The total duration of the disease is about 
six weeks. 

Peripheral neuritis is absent and the knee-jerk is not abolished, but 
usually distressing aching of muscles, bones, and joints are prominent 
features. An exanthem, erythematous on the face, rubeolar on the 
trunk and limbs, was frequently seen in Mauritius, less frequently in 
Calcutta. It appeared about a week after the oedema, and lasted 
from ten to twelve days. On the skin vascular ntevi often appear and 
may bleed profusely, while telangiectases are commonly present. Do 
and Chatterjee describe the eruptions as “ nodular ” in some epidemics, 
this having been tlie dominating feature, while nodules on the mucous 
membranes have been noted. They do not inconvenience the patient, 
but may bleed uncontrollably. Ecchymotic patches consist, not of 
hasmorrhage, but of telangiectases. Three to six weeks after the first 
symptoms, nodular excrescences are found ; in number they may be 
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100 or so ; they may be sessile or pedunculated, varying in size from 
that of a pea to a lemon, and they readily bleed (Fig. 169.) 

Disturbances of the heart and circulation are prominent features 
ill nearly all the cases. The pulse is weak, often rapid and irregular, 
the bloo(l-pr('Ssnre low : cardiac bruits were noted. Breathlessness on 
(‘xertion occurred in all cases, severe orlhopncjea in many. Signs of 
pleural and pericardial effusion, of anlema of the lungs, of pneumonia, 
and of cardiac dilatation are common. Hawes states that the lung 



Idg. 1 69.— Nodular lesions in epidemic dropsy. {After Dc and Chatterjee.) 


signs are characteristic and are almost like a bronchial spasm with 
defective aeration. Anaemia is usually present and marked, and so are 
wasting and prostration. The urine is not albuminous, but of low 
specilic gravity, and greatly increased in amount. Concurrent 
glaucoma is not uncommon. 

Diagnosis. — The differentiation of epidemic dropsy from war 
oedema noted in Central Europe and Egypt during the Great War 
may b- difficult. The latter occurred in a population imdergoing dietetic 
restrictions, and was characterized by great emaciation and a high 
degree of anaemia. Experiments on rats with diets deficient in proteins 
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and salts have produced a condition not unlike nutritional oederua. 
From oedematous beriberi the disease is differentiated by the pyrexia 
and the very peculiar erythematous rash, and the persistence of the 
deep reflexes. 

Treatment. — An analysis of the albumin-content of the blood 
will serve as an indication for the administration of albumin by the 
mouth. Egg- and milk-albumin are indicated in largo quantities if 
such a deficiency is demonstrated. Treatment then should be directed 
to giving a liberal protein diet and substitutijig wheat ])read for rice. 
Thyroid extract is said to be useful, and tinctun' of ephedra, *20-80 min., 
with calcium lactate 10 gr. three times daily, is valuable. 
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Poisonous Snakp^s 

Snakes form a sij])-ordt;r of the reptiles which have definite characters. 
The quadrate hone is articulated to the skull, hut there is no tympanic 
cavity. The ])rain-ca])Sulo is osseous, and the mandibles are united 
rnesially by a highly elastic ligament. The limb girdles are absent 
or reduced to mer(^ vestiges. A peculiar feature is that there are no 
movable eyelids, but the eyes are covered with a transparent disc, 
which is shed with the rest of the epidermis. The tongue is deeply 
bifid and is retractile into a basal sheath ; but is protrusible when 



Fig. 170. — Poison apparatus, venom gland, and muscles of rattlesnake (lateral 
view). (.4jf/er Duvernoy,in Boulcnger's Snakes of Europe'') 

a, Vojiom ; o', voiioni-duct ; d, anterior temporal muscle; O', mandibular i>ortiou of same; 

c, itostcrior temporal musele ; d, digastrieus muscle ; e, i)OStorior ligament of gland ; /, sheath 
of fang; middle temporal muscle; /i, external pterygoid muscle; i, maxillary salivary 
gland ; mandibulary salivary gland. 

the mouth is closed through a notch in the rostral shield. As in the 
lizards, the anal cleft is transverse. 

The poison apparatus consists of a pair of venom-secreting glands 
connected by ducts to the poison-fangs in the maxilke ; they are 
analogous to the parotid glands in mammals. These glands, situated 
in the temporal regions, are operated by the act of biting, when the gland 
is squeezed by the contraction of the temporal muscle, the venom 
being expelled in this fashion into the wound by means of the 
grooved or tubular fangs. (Pig. 170.) In the case of the African 
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“ spitting cobras ” the venom is ejected with great force into the 
face of the enemy. 

The venoTYiy a clear, amber-coloured fluid, is composed of modified 
proteins. It is of two kinds ; that of the family Viperidce (vipers) 
acts principally upon the vascular system, but that of the Cohibrince, 
ElapincB and Hydrophinoe, i.e. cobras and sea-snakes, acts upon the 
nervous system and brings about respiratory paralysis. The specific 
action of the venoms appears to depend upon the ferments and 
lysins they contain. As far as is known, the following substances 
enter into their composition, viz., fibrin ferments ; proteolytic 
ferments ; cytolysins acting upon red cells, leucocytes, epithelial 
and nerve cells, agglutinins, and neurotoxins with affinity for 
all nervous tissue, especially for the respiratory and vasomotor 
centres. It has been shown by Pep(‘w that the addition of 0*4-per-c(ait. 
formol (lO-per-cent. formaldehyde) to snake venom, and its maintenanct^ 
at 38° C., transforms it into anavenin (analogous to anatoxin in 
diphtheria). 

Several medicinal uses for snake venom have been suggested, and 
it appears from the work of Macfarlane and Burgess Barnett that tlie 
venom of Bussell’s viper acts as a certain styptic in hannophilia. 
One drop of a 1 : 1000 solution of the venom, when added to ten drops 
of haemophilic blood, causes clotting in seventeen seconds, although 
the blood itself took thirty-five minutes to clot. In a normal person 
haemorrhage from a tooth-socket or tonsil-bed, and capillary oozing 
into an abdominal wound, are controlled at once. In haemophilic 
patients with bleeding tooth-sockets, hannorrhage ceases wlaai the 
wound is lightly plugged with gauze soaked in venom 1 : 10,000. 
Cambrook has pointed out that, for dental purposes, the vtaiom is 
unstable unless kept in an ice-chest. C\)bra venom also })ossesses 
analgesic properties, and has been employed by '\Iacht and oIIkts for 
the relief of pain, for which purpose the dried scales of the venom are 
dissolved in physiological saline and put up in glass ampoules. Usually 
two or three are first given to test whether the patient lias an idio- 
syncrasy, and if not, full doses of 5 units are injected intramuscularly, 
and repeated daily if marked relief from pain is obtained. This venom 
has also been employed in the treatment of epilepsy, but the results 
are so far inconclusive. 

Characters used for identification and classification. — Osteological 
and dental characters are employed to determine families and genera, 
and it is therefore necessary to understand the various types of 
ophidian skulls and the different arrangement of fangs and solid teeth. 
For generic and specific distinctions the form and number of the 
epidermal shields and scales are of great importance. 

The arrangement of the scales on the head is shown in Fig. 171, 
and the arrangement of the prefrontal and preocular scales varies 
in different species and genera. In the crotalinee, or pit vipers, 
there is a sensory uveal pit situated between the eye and the nostril. 



SNAKE-BITE 


839 



Viperine snakes can generally be distinguished from the colubrinae 
by th(3ir smaller size, the angular shape of the head, and the sharp 
stumpy tail. The maxilla* are vertically erectile, with enormously 
enlarged tubular fangs situated anteriorly (Fig. 172). 


jE/m 



Fig. 172. — Skull of Trimcresvms gramineusy upper view and side view. {After 
Bovlevger^ “ A Vertebrate Fatiiia of the Malay Peninsula ; Peptilia and 
Batrachia.'^) 


ar, Artioalar ; ho, basloccipital ; m, columella auris ; d, dentary ; exoccipital ; /, frontal; 
HI, maxillary ; n, nasal ; parietal ; pf poison-fang ; pm, pra?niaxillary ; prf, prtefrontal ; 

prodtio ; pterygoid ; p(f poitfiontal ; y, quadrate j/, supratemporal ; trail*-; 
palatine. 
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In striking, the snake tbiows itself forward with great violence. 
On the whole the vipers strike with greater velocity than do the colu- 
brids. Most strike with the jaws closed, but as the head approaches 
the victim, the mandibles are depressed by a rapid contraction of the 
digastric and other muscles and simultaneously the fangs are elevated 
and rotated forward. The fangs of the colubrids are grooved and are 
shorter than those of the vipers. Closure of the jaw is brought about 
by the simultaneous contraction of the temporal muscles which 
strongly elevate the mandible (Fig. 173). In vipers expulsion of the 
venom is instantaneous and independent of fixation of the lower jaw. 
Immediately following the insertion of the fangs and accompanying 
discharge of venom, contraction of the retractor muscles occurs, 


pm 



Fig. 173.- Skull of Ka^a tripudiaihs, upper view and side view. 

{After Buulenger, “ Catalogve of Snakes^ vol. iii.) 


a/-, Articular ; d, dentary ; rr, exoccipital ; /, frontal ; maxillary ; nasal ; parietal ; 
;?/, poison-fanpr ; pt/i, pnemaxillarj' ; />//, pra froiital ; pro, prodtic ; pi, pterj'goid ; 
p(/, postfrontal ; </, quadrate ; .v/, slijiratcinporal ; ip^ transjmlatine. 


dragging the elevated fangs downwards and backwards through the 
tissues. Impression of the fangs and the pterygo-palatine indentations 
may be made in Kerr’s impression compound of dental wax, and it 
has been found that the distance between the fang punctures affords 
a fair index to the venom-yield. Fatal results may follow inoculation 
from a single fang. 

The lethal dose of venom varies within wide limits when tested 
on different species of animals. The killing capacity of different 
venoms for sheep, estimated in terms of average venom-yield, was 
found by Fairley to be : 118 for the Australian tiger snake {Notechis 
scutatus)y 81-7 for the cobra, 2-2 for Russell’s viper, 84-7 for the 
Australian death-adder {Acanthopis antarticiis), 8-9 for th(‘ copper- 
head (Denisonia superha), and 1-5 for the [)lack snake {Pseudechis 
porphyracius). 

Symptoms of snake -bite in man. — The physiological action 
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and syrn])tc)mB produced by snake venoms caji be elasaified into two 
groups, the colubrine and the viperine. 

1. Colubrine . — In the case of cobra-bite (Fig. 174) there is severe 
pain in the part, which soon becomes inflamed and oedematous. After 
an interval of an hour the patient becomes dull, apathetic, and unable 
to stand. Nausea and vomiting, with profuse salivation and paralysis 
of tlie tongue and larynx, supervene. Soon the respiratory centre 
becomes involved, and respiration ceases. Should the patient survive 
the paralytic symptoms, recovery is rapid. The pupil is contracted 
throughout. 

The bite of the krait {Bumjarus jasciatuSy Fig. 175) is extremely 
dangerous, especially in Northern India ; the symptoms are similar 
to those produced by the cobra. 

The symptoms caus(‘d by the bite of the x\ustralian colubrines 



Fis- 174. — The cobra ( yajd tripudians). 



Fig. 175. -The krait {IhuKjaru.'i Fig. 176.— The daboia ( Vipera 

fusciatus). ru,s,sclli). 


may not he very severe, but the constitutional effects appear with 
great rapidity — sometimes in as short a period as fifteen minutes. 
A feeling of faintness and an irresistible desire to sleep are soon followed 
by paresis of both legs, vomiting, and cardiac paralysis. The pupil 
is widely dilated and insensible to light. Should the patient survive 
the coma, recovery is complete and no sequehe occur. 

2. Viperine . — As the type of lesion produced by the viperines, 
that of Eusselbs viper {Vijyera russeUi, Fig. 176) may be described. 
This species is extremely deadly ; the bite causes severe pain with 
rapidly forming and extensive oedema, together with blood-stained 
discharge, and ecchymoses around the site of the punctures. Collapse, 
small thready pulse, nausea and vomiting, and dilated pupils, insensitive 
to light, soon supervene, together with a loss of consciousness more 
or less complete, from which a temporary recovery sometimes occurs. 
Should the effects of the now diffused toxin wear off, the local condition 
of the wound becomes aggravated ; extensive local suppuration and 
sloughing, malignant oedema, or even tetanus and haBmorrhages from 
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the mucous surfaces — hsematuria or meleena — may occur. There is 
no paralysis of the muscles, but Kogers has shown that the viperine 
toxin produces a vasomotor paralysis. It is more easily destroyed 
by caustic agents than colubrine venom. 

The bite of Echis carinatus (Fig. 177) is less dangerous than that 
of the daboia, but is in many ways similar in its effects. 

The bites of the rattlesnakes — Trimeresurus and Croialus (Figs. 
178, 179) — are remarkable for the local disturbance they produce. 
Constitutional paralytic symptoms come on quickly, usually in less 
than fifteen minutes. Should the patient recover from this state, 
the swelling and discoloration extend up the limb and trunk, and 
general symptoms of blood-poisoning with pjTcxia, restlessness, and 
delirium set in. The wound itself suppurates freely and may become 
haemorrhagic, or oven gangrenous. The symptoms produced by the 



Fig. 178. — Trimeresurus layiceolatus. tcrrificus). 


bite of the European vipers resemble those of Crotalus, but are much 
milder. 

The mortality from snake-bite, even of the most venomous varieties, 
is not so great as is popularly supposed, and is estimated at about 
30 per cent. That it should not be more is probaldy due to the fact 
that, unlike what takes place in experimental animals, tin? reptile is 
seldom able to inject a full dose of venom. If given a fair chance, tin* 
cobra is able to inject no less than the equivalent of twenty lethal 
doses at a time. 

Treatment. — To be effective, all treatment should bo vigorously 
and promptly applied. It should be directed, iirstly, to prevent 
absorption of the poison ; secondly, to neutralize, as far as possible, 
its toxic effects. A ligature should be tied around the limb, imme- 
diately above the bite ; for this purpose, if it is at hand, a stout india- 
rubber band, firmly applied, is the best ligature, or strips of clothing 
may be loosely knotted round the limb and subsequently tightened 
by twisting with a stick. It has been shown that by local venesection 
ono-half to one-third of the injection venom can be removed. A 
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Becoiid ligature, tight enough to obstruct the return of the venom, but 
not the arterial circulation, is applied immediately distal to the arterial 
ligature. An incision is made into one of the veins draining the bitten 
area, and a series of blood-lettings carrhal out by loosening the arterial 
ligature whilst l(*aving the venous one in position. In the case of 
th(‘ colulu'ines, this prol)ably has little or no effect in preventing the 
absorption of the neurotoxins, but in the case of the viperines it is 
no doubt very effective in so far that it localizes the fibrin ferments, 
causes extensive intravascular clotting in the bitten part, prevents 
the process from becoming genoralized, and affords time for the action 
of remedies. 

Amputation of tlie part above the bite has been proved to be 
effective, if performt'd wimediaiely. 

The absorption time of lethal doses of snake venom has been deter- 
mined by experiment. Acton and Knowles injected 1(X) mg. of 
cobra venom into the tips of the tails of four dogs and amputated 
them 7-5 c.ni. above the site of inoculation at one-minute intervals. All 
the animals died within a ])eriod of 4a So minutes. Lat(u;, Fairley 
found that, in sh(‘ep bitten over the metacarpal bone by tiger snakes, 
ligature and (‘xeision saved life only if applied within two minutes. 

The next steps must be directed towards destroying the poisons 
remaining at the site of injection. This is best effected by freely 
incising the bite in the direction of the lymphatic and venous circu- 
lation. The wound should then be well swabbed out with a strong 
solution of potassium permanganate ; this destroys any toxin with 
which it conu‘s in contact. Some advocate the rubbing-in of crystals 
of th(^ Sana* substance. Acton and Knowles have advocated the 
inj(*ction of 10 ‘it) c.c. of a 5-per-cent, solution of gold chloride in 
ox-bile as being an improvement upon potassium permanganate, 
and rec(‘ntly have* stated that dichloride of platinum (1 ; 2000) is 
even better. ITifortunately, both these substances cause necrosis 
of the tissu(‘s. 

Contrary to the {)opular idea, sucking the wound is useless. 

Alcohol and strychnine were formerly regarded by some as antidotes, 
but are now known to have no efficacy whatsoever. 

Serufu ircaiincnt . — It has long been known that immunity could 
be produced in animals by repeated and progressive inoculation of 
venom ; a similar result is produced in men who have been repeatedly 
bitt(‘n by snakes of one species. This immunity, however, is specific 
only for the venom of the particular species. Calmette attempted 
to produce, in antimnene, a serum which should be active against 
all snake venoms, but his claim to have done so has not been 
substantiated. 

The serum prepared against cobra venom is found to be anti- 
toxic to the homologous venom, and to a certain extent to that of 
Bungariis jasciaiuSy but is without action on the viperine venoms of 
daboia, Echis, Trimeresurus, and Crotalus, The serum produced against 
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daboia venom has no action whatever upon the venoms of iVaja, 
Bungams, etc. On the other hand, it has been shown that the haemo- 
lytic properties of Indian and African cobra venoms are practically 
identical, and the antiveneno prepared in India against Naja naia is 
equally serviceable against IS! , flamy that prepared in South Africa 
against iV. flava acting similarly against N. naia. 

In practice one is met with the very important drawback to the 
use of an antiserum that, though specific towards some other species 
of snakes, it may be impotent as regards the particular species con- 
cerned. The only practical method of meeting this unfortunate 
circumstance is to issue an antiserum effective against the most common 
and the most dangerous snakes in any given country. All ajitivenenes 
are relatively weak in their action as coiiipared to antidi{)htheritic 
and antitetanic serums. The antivenene should be injected intra- 
venously in large amounts and as soon after the bite as possible. Acton 
and Knowles have dtanonstrated that such a serum must be given 
before the minimum lethal dose of venom has been absorbed, and that 
it requires no less than ten minutes to find its way into the circulation. 
ITie injection should be done intravenously , and at least 100 c.c. should 
be given. In India the serum treatment, if available, should bt* 
employed in every case, on the chance that llu* snake was either a 
cobra or a daboia. The longer the antivenene is witliheld, the greater 
is the dose required to save the animal. Th(‘ (^arly a])plication of 
the tourniquet, by its localizing influence, enables the effective dose 
of serum to be reduced by one-half to one-third. 

There is still much work to be done before an efficient polyvalent 
serum can be produced. One of the difficulties encountered is that 
every injection of venom into the horse for the production of immunity 
gives rise to abscess-formation, and that the whole process of pre- 
paration lasts from a year to a year and a half. It is estimated that 
in Brazil the death-rate from snake-bite has, by prompi. antivenene 
treatment, been reduced from 25 per cent, to 2*5 per cent. 

Other measures . — Little else can be done, except to keep the patient 
warm. Small doses of alcohol, ammonia, and strychnine should lx* 
given as stimulants, but the practice of exhibiting almost poisonous 
doses of alcohol cannot be too strongly deprecated. Rogers has 
advocated, on physiological grounds, the employment of adrenalin 
in those snake-bites in which the toxins have a marked paralytic action 
upon the vasomotor centres. Acton and Knowdes advocated artificial 
respiration in colubriix* poisoning. 

Venomous Lizards 

All lizards are absolutely non -poisonous, with the exception of a single 
genus, easily recognized, inhabiting Mexico and Arizona. This genus, 
Helodermay consists of two species, suspeciurn and horridumy both heavy, 
stout hzards, yellow or shrimp-pink in colour, with black bead-hke scales. 
They are desert-dwellers, and store fat in their swollen tails to tide them 
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over periods of famine. They are popularly known as the ‘‘ Gila^ monsters,” 
l)ecau8e they were first discovered near the village of Gila. 

The poison apparatus is in the lower jaw, where venom-secreting sub- 
maxillary glands are connected by ducts with grooved teeth. The symptoms 
(jf poisoning start with paralysis. A large dose produces dyspnoea and 
convulsions. Post-mortems on animals show a greatly dilated heart and 
venous congestion in the internal organs, (’hanges in the spinal-cord 
ganglion cells have also bec'n observed. 

Poisonous Pishes 

Poisonous fishes exist in most tropical waters, especially among the 
coral reefs of the Pacific and Indian Oceans. Their venom may be conveyed 
to man either through their bite or by means of stings. In the one case 
the }H>ison is H(H‘ret<‘d by certain ej>ithelial glands within the mouth ; in 
the other, by poison-glands connected with barbs in the dorsal fin. The 
former class comprises mon* than one hundred sj)ecies of the genus ]\Jur(Pna, 
all of which j>oss<‘ss powc'rful teeth capable of inflicting bites (Fig. 180). 
The poison secret<^‘d by the glands courses down the hollow teeth. The 
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effect of the venom on man is neuro-cardiac. The other class contains a 
gieat number of widely separated genera. In some, the j)oison finds its 
w^ay to the exterior only when the barbs are broken, and produces severe 
inflammation in the wound and, it may be, tetanic symptoms. Synanceia, 
a sj>inous sjiecies, is widely distributed throughout the Indian and Pacific 
Oceans, and is one of the JScorpajnidae (8cc>rj)ion fish) ; S. verrucosa is the most 
toxic. The ])oison apparatus is connected with the dorsal fin. Plato ms 
aunuillaris, known as " machoira ” in Mauritius, has a similarly wide dis- 
tribution; w hile iSaccohranchus fossilis, in the waters of India and Ceydon, 
produces similar symptoms. 

In South American waters, several species of Thalmsophryne have dorsal 
spin(‘s containing a central poison-duct connecting with the glands. Si>ecies 
of TracMuiLs found in northern waters, as well as in the Mediterranean, have 
two sets of ])oison barbs, on the operculum as well as on the dorsal fin. The 
venom has a gen{*ral action on t he heart, besides the purely local effect. 

Many species of Scorpmna^ over forty in all, are found in tropical waters ; 
their integument is provided with numerous mya, the stings of which may 
excite convulsions and even cause death. 

Poisonous Shellfish 

In the tSoidh I’ucific Islands fatal cases of poisoning may b<‘ <lue to bites 
of certain shellfish of the genus Conus, all of w hieh are adorncrl wdth brightly- 
(‘oloured shells. Five at least are known: Conus tullpay O. imxrmoreus. 

* Pronounced “ Iieela.” 
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C. geographuSf C. tejctilis, and C. aulicus. They are provided with a long 
tubular proboscis which can be protruded beyond the shell, and opening 
into it is a sac containing two rows of hollow teeth. The symptoms are acute 
pain, swelling, numbness, and spreading paralysis. There may be early 
drowsiness, deepening into coma and death. When bitten in this manner, 
the Polynesians make small incisions round tlu^ biUi to cause blood to flo\^ 
freely. Flecker (1936) has recorded a fatal east' in a ICuropean, on Hay men 
Island, North Queensland. 

P () I s( ) N ( ) u s Ska- a n e monks 

Sea-anemones of the genus Hellennpohipus and Aki inion give rise to 
sponge-fishers’ or ‘‘ Skevos-Zervos ” disease. This is effected by contact, 
itching and vesication, pustulation, nausea and vomiting being set up. Tht‘ 
toxin acts like cantharides, and the lesions are due to urticating cells in th(‘ 
tentacles. Washing with vinegar and the application of olive oil is the best 
tr(‘atment. 

J KLLY-FISif PoiSOXINIi 

Medusa' of the genus Obelia contain in their ec toderm numerous clear 
ovoid bodies, the stinging cajisules or nnnotocysts, \c bich sc'rve as weapons 
of offence. The whole apparatus is dc'veloped in an interstitial cell (cnido- 
blast) which, as it approaehc's maturity, migrates towards the surface' and 
at one point is elongatc'd by a delicate proce.ss — the' cnidocil or trigger hair. 
When this is touched the cnidoblast undergoes a sudden contraction and 
clauses an eversion of the thrc*ad, at the base of which are minute barbs which 
are poisonous and produce a numbing effect. In human Iceings the* stings 
produce a painful local swelling and a disagrca'able urticaria, and, in susceptible 
individuals, shock and (‘ollapsc*. 

The Portuguese man-of-war {Physolio) is }>rovid(‘d with a characteristic 
stinging apparatus. From the underside of the float there hang filamcmtous 
tentacles (gastrozooids, dactylozooids and branching blasto.styi(‘s), some of 
which are long and retractile and contain batteries of stinging capsides which 
produce severe dermatitis and irritation in the skin of human beings who 
come into contact with them. 

POISONING FROM THK JNOE.STION OF POI.SONOFS FISHES 

Cases of fish-poisoning arising from the eating of flesh of fishes containing 
some intrinsic toxin occur more commonly in the tropiijs than in more civilized 
countries. In many instances thes(3 fish may be eattui with safety except at 
certain seasons of the year ; in others the jioisonous qualities are acquired 
only after feeding or living in certain localities. 

The barracouta (Sphyrmia harracmla) is eaten widely throughout the 
South Atlantic ; it is the large fishes, especially those tliat are spawning, 
which are apt to be poisonous, and the symptoms are mainly gastro-intestinal. 

In these waters Cigatuera poisoning results from eating Sphyrmna 2 ncu(la ; 
within a few hours of ingestion, abdominal pain, diarrhma, and vomiting ensue. 

There are various sprats (Clupidm) in tropical waters which are apt to 
acquire poisonous properties ; among them is C. longicepsy a sardine found 
in Ceylon waters, which occasionally may produce collapse and even death. 

Many species of the widespread genus Tetrodon are poisonous, such as 
the “ death-fish ” of Hawaii — T. hispidus -while other species occur in 
Japanese and Korean waters. The poison is contained in the ovaries and 
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in the cggB, and causes gastro intestinal and nervous symptoms, sometimes 
culminating in 8ynco]>e or coma. 

The desh of certain large fishes normally constituting excellent food, 
such as the king-fish (Scomheromorua cavalUi), may occasionally exhibit toxic 
properties. 

In all forms of fish -poisoning the most effective treatjnent is to evacuate 
the poison by washing out the stomach and administering purgatives. Other 
symptoms must l)e treated on general lines with stimulants, hot-water bottles, 
etc., and injections of morphia, if necessary, to alleviate the pain. 

Scorpions and Spiders (Aracjinida) 

Scorpions are very common in the tropics, and their stings are very painful 
jind cause a considerable amount of inconvenience, though they are not 
exactly dangerous, except to young children, in whom, in addition to local 
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symptoms, muscidar cramps, profuse perspiration, pyrexia, vomiting, and 
convulsions may be produced. Deaths have been rt'ported from North 
and South Africa, th(‘ West Indies, Mexico, Konni, and Manchuria. In 
"Frinidad, glytosuria, hyperglycfemia, pancreatitis, and even pancreatic 
cysts are described as siHjuehe to scorpion stings. 

In Southern Euro^x? and North Africa the black scorpions, Euscorpius 
italicus and Buthus vmurus, in Mexico a six^cies known as the “ durango ” 
{Ceiitrurua)^ in Brazil Tityu-s svrruUitua^ in Manchuria Buthus tuartciisi, arc 
specially dreaded (Fig. 181). 

The j)aired poison -glands are situated in the last or postanal segment 
of the tail, which is jointed and very flexible, so that it can be curved forwards 
over the boiiy when the scorpion is striking. The venom which it ejects 
is in many respects like that of the cobra, but far less toxic. 

In the treatment of scorpion -sting in children, it may be necessary to incise 
and thoroughly wash out the sting with a strong solution of potassium per- 
manganate. In adults, pain is the predominating symptom, and this, accord- 
ing to Tomb, can be immediately relieved by a drop of liquor ammoniae 
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f'ortis, wliich cau bo applied with the stopper ol a bottle. A more liberal 
application of diluted ammonia is also effective, but not so immediate in 
action. Dyce Sharp, from experienc(‘8 mostly in his own pf^rson, warmly 
advocates immediate injection of an ampoule of novocain and adrenalin in 
the vicinity of the sting. For thi‘ severe intoxications of childixm Todd 
produced an efficient antitoxin. The venom extracted from the dried stings 
and venom -glands by means of normal saline is toxic to the horse, goat, and 
most laboratory animals ; while the desert fauna, such as the desert rat, the 
jerboa, the fennec fox, and the hedgehog are immune. The antitoxin has 
been prepared from horses by subcutaneous injection of graduated doses ol 
venom. In doses of 5 c.c. it exerts both a prophylactic and a curative' 
action. 

Spiders. — Nearly all spiders {Arayieoa) possess poison-glands, the venom of 
which is injurious to insects, but only a few species are dangerous to man. 
Certain species of the genua iMtrodectes are believed to be very poisonous. 
In New Zealand one species, L. hasselti^ known as the “ katipo,” in Southern 
Europe L. tredeciviguttuius, the “ malinignatte ” (Fig. 182), and in North 
and South America L. 'martanSy L, curacm iensisy and L. geometricua occur. 

L. inadans is known in California as the “ Jllack widow s}jid(‘r ” ; the 
adult female is glossy black with crim.son liourglas.s markings on tht' abdomen. 
In Turkestan L. tredecim-guttatus is known as the ‘‘ Karakurt spider ” ; in 
Australia, Atrax robusliis as the “ Funnelweb spider and in South Africa 
L. ifidistinctus the bite of w hich is much feared, as the “ Kroppie spider.” 

The toxin of the poison-glands has been show n to be a pow'crful heemolysin, 
causing inflammation and a'dema at the site of the injection, together with 
numbness of the j)art and, it may Ixj, an urticarial rash. Most obstTvers 
desc^ribe intense nerve-pain, which is .said to be du(‘ to stimulation of the 
myo-neural junctions by the venom. A rigidity and spasm of most of the 
muscles sin^ervenes, especially those of the abdomen, which lK‘conu;s “ board- 
like,” bringing about a resemblance to appendicitis. Sloughing of the 
?Idn in the neighbourhood of the bite may occur. Treat tneM consisUi in 
washing out the wound with a solution of potassium |x*rmanganate (1 ; 4000), 
and administering the drug in doses of one teaspoonful every two hours. 

Intravenous injections of calcium gluconate (10 c.c. ol' a 10-}X‘r-cent. 
solution) are said to relieve the pain and decr(;ase tlu* muscmlar spasm. In 
South Africa a serum which neutralizes the venom of L. indistinctiin has been 
prepared by Finlayson. Similar sera have l>een used in the Argc'iitine and 
Russia against the local species of Ijatrodecte^. 

In Peru a pruning spider, Glyptocraniurn gasteracanthoide^y which lives 
in the leaves of vines, and is identified by its ash-grey colour and large globular 
abdomen with two prominent tubercles, produces, according to Escomel, 
the same symptoms as LairodecteSy and sometimes haernaturia. 

The true “ tarantula ” spider, Ijycosa tarentula (Fig. 183), occurs in 
Southern lilurope. Mysterious properties have been attributed to its bite ; 
apparently in some specially susceptible people mdeina of the eyelids and 
pyrexia are apt to result, and its bite gives rise to the hysterical disease known 
in the Middle Ages as “ tarantism.” The so-called tarantulas of tropical 
countries are bird -eating spiders belonging to the family Mygalo. They are 
trap-door spiders, terrestrial in their habits, with prominent projecting 
mandibles which give th^m a terrifying apj>earance. The North African 
species, Chcetopelma olivaceuy is much h^ared by the Arabs, and its bite is said 
to give rise to acute inflammation. 
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'rhe (,4iiloi)o(la, to vvhii^h the poisonous ^eiius Scolopeiidra belongs, arc 
widely distribuk^d in the tiopics. They arc large Hf)ecie8, and possess a 
})oiHon apparatus at the bast* of the first pair of appendages, which are modified 
HO as k) form jaws. The tropical spt^cies, Scolopendra morsitans, reaches 
a huge si/xs uj) k) h in. ; the venom causes both local and general symptoms. 
The sik of the bik becomes inflamed and the starting-point of a lymphangitis ; 
dizziness, headache, and vomiting may ensue. Treatment consists in bathing 
t he part with a strong solution of ammonia, 1 ; 5 or 1 : 10. It may be 
necessary to give hyj)odermie injections of morj)hia to allay the pain. 
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MYIASIS AND LEECH INFECTION 

Under the term “ myiasis ” it is customary to include a number of traumatic 
conditions of the tissues caused by partial parasitism by the larva' of certain 
m,v Seoul fli(‘s. 

Some of these flies deposit their eggs or larva? in wounds or in the natural 
openings of the body ; in otiior cases the grubs, on hatching, burrow into 
the subcutaneous tissues : others imitate the habits of a tick, find (‘merge 
from their hiding-places to feed on the blood of man by ])uncturing the skin. 
Intestinal myiasis appears to be an accidental condition in which the larvae 
pass through the intestinal canal. 

Nasal, Aural, and Ocular Myiasis 

The screw- worm fly, Cochliomyia hominovorax (Syn., Chnjsoniyia 
rnacellaria) (Appendix, p. 1009), is a common insect in America, ranging from 
Canada to Patagonia. It is most active during the heat of the day, and 
normally deposits its eggs upon open wounds or on dead animals. It attacks 
people sleeping in the open air, especially those w^ho have offensive discharges 
which attract it. 

Comparatively frequently the fly lays its eggs in the nasal and aural 
cavities, as well as on open sores. The larva?, known as screw-worms, burrow 
into the tissues, devouring in their passage mucous membrane, muscle, 
cartilage, periosteum, and even bone. They may jienetrate the brain and 
cause death. 

Chrysomyia hezziana (Appendix, p. 1009), is a true myiasis-j)roducing fly ; 
it never breeds in dead, but always in living tissues. It has a wade distribu- 
tion, being fomid in India and Cochin-China. It appears to have a pre- 
dilection for human beings in India, the female, as in Cochliomyia rnacellaria^ 
laying her numerous eggs in the nasal cavity or in tissues from which an 
offensive discharge emanates. 

Rhinoestrus purpureus (CEstrida?). — The larva? of this species are parasitic 
in the nasal passages of equim^s in Southern Europe, Asia Minor, find Africa, 
but occasionally the i\y attacks man, depositings its eggs in or near the eye, 
where the larva? may be seen, shortly after hatching, moving bt?neath the 
conjunctiva, and may lead to the loss of this organ. (Sec Appendix, p. 1(X)9.) 

Wolfahrtia nmgnificu (Appendix, p. 1006) belongs to the family Sarco- 
phagidse, or flesh flies ; it is the only specific myiasis-producing fly found 
in man in Europe ; it has a wide distribution in Asia Minor and Egypt. In 
habits it is similar to the species previously described. 

Ocular myiasis (ophthalmomyiasis). — In tropical and subtropical 
countries the larvae of flies may be deposited on the lids and in the conjunctival 
sac, whence they may pASs into the lachrim:*! passage, penetrate the con- 
junctiva and sometimes the sclera, and so gain entrance to the in tra -ocular 
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tissues. 1’lie parasites so far recorded are Rhinceslrus hovis, Hijpoderma bovis, 
H. lineakt, Sarcophaga, Gdstrophilus intestinulis and G. egui. McBride has 
recorded a case of conjunctivitis due to larvae of the bot-fly (CEstnis ovis) in 
the conjunctival sac. 


Subcutaneous Myiasis 

In South America the macaw-worm ” or “ Ver macaque ” (p. 1012) 
{Derrnalobia njaniventris)^ infests cattle, indigenous mammals, and 
also man. 

The eggs are deposit(*d on the skin or clothes of human beings, and do 
not hatch for a day or two. When hatched, the larvic jxmetrate the skin 



Fig. 184. — Lesions on back caused by Cordtjh>l)m anihropophnga. (Orig.) 

and produce an inflammatory tumour, from the aperture of uhich there 
exudes a seropurulcnt fluid containing their black faeces. They have been 
reported from various regions of the bod3% and their presence is usually 
accomj)anied by great pain, esj)ecially when they are actively moving. Busck 
nqjorts that before they reach maturity the larval skin may be shed and 
exude from the opening in the skin of the host. In I'emov ing them there is 
apparently no need to use a knife, for the aperture of exit may be widened by 
stretching with forceps, and the larva then slips out, aided by properly applied 
pressure, for its narrow end is situated towards the o|)ening in the skin. 

In tropical Africa, the tumbu fly, or ver du cayor {Cordylobia anthro- 
pophiga, p. 1010), produces much the same results. According to Roubaud, 
Blacklock, and Thomj)Son, the eggs are first deposited on the ground, and 
the active young maggot attacks and penetrates the skin of its host, esjx^cially 
on the forearm, scrotum, upper part of the thigh, and buttock. The lesion 
resembles an inflamed tumour, from which the larva emerges in six or seven 
days. In the ordinary course of events these tumours do not suppurate. 
(Fig. 184.) The tly usually attacks ^other mammals besides man. 
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The Treatment of Septic Wounds by Fly Larv.^ 

Baer, having noticed the effect of accidental larval infestation of wounds 
during the Great War, treated 89 cases of osteo- myelitis with larva? of blow- 
flies (Phormia regina, Lucilia sericata and L. ccesar) and considered that the\' 
cleared the wounds of dead tissue by their digestive action through th(‘ 
excretion of tryptawse, inhibited the growth of pathogenic bacteria by naidering 
the wounds alkaline, and possibly produced other biochemical effects. In 
the Sudan, Grantham-Hill has found the larva? of Wolfalniia nuha to be the 
most common and most effective. Wounds to be treaUnl were thrown open 
as freely as possible by free incision of soft tissut‘8 and c:analization of bone, 
where necessary, being packed with sterile liquid })arafiin for forty -eight to 



Fig. 185.— Larva migrans. Infected at Durban, April 20, 1921 : first symptoms 
noted .luly 22, 1921. {OrUj, case.) 

seventy-two hours before treatment with larva*. After removal of tin* 
packing and drying of the cavity, from 30-2(K) larva* were introduc(‘d directly 
from sterile test-tubes with a flat probe. 

There is usually an immediate flooding of the w ound with serous exudaU? 
which has to be swabbed out ; the skin edges are then painted with collodion, 
and sterilized fine wire gauze fixed over it with adhesive strapping. After 
48 hours the larvae are found to be fully grown and, if left beyond that period, 
endeavour to escape* in order to pupate. 8ma ! secjucstra of bone are fre(*d 
and consumed by tin* larva*. 

Lauva Migrans 

Synonyms. —Myiasis Linearis; Creeping Fruption ; Dermatitis Linearis 
Migrans. 

This condition (Fig. 185), first described by L(‘C in 1874, and at a later 
period by Crocker, is said Co be common in Russia and, according to Kirby- 
Smith, extremely frequent in Florida. Certainly it is not infrequent in the 
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trupios, c‘Hj)ecially in CVivlon and South Africa. Here niultiplo lesions on 
the legs and feet are produced by the burrowing under the skin of a larval 
nematode, which has now been shown by Kirby-Smiih to be that of Ancylo- 
siorna braziliensa, the common ancylostome [)arasite of oats and dogs in 
that region, ddiest' observations were confirmed by Fiilleborn, who has 
shown that similar lesions may be artificially produ(*ed in volunteers by th(‘ 
larva* of Vvr'marin stcncHephalay and to some extent, also by A ncyhsfomu 
mninum. Shelmirc^ and Heydon, and also Fiilleborn in experiments on his 
own hands, have shown that tiie oedema and irritation are considerable. 

In South Africa, especially in Natal and Zululand, where “ creeping 
eruption ” or “ sand-worm,'’ as it is called, is very common, Murray (1939) 
has now\ by aid of cedarwood-oil technique, prf)ved tliat the burrows are 
produc('d by a mite, possibly r(‘lated to Tetranychus which is 

found in Argentine and Uruguay and attacks man and animals. The tracks 
in the skin are 0-33 mm. in diameter. The mite, and sometimes also its eggs, 
is easily demonstrated at the end of the burrow. A drop of distilled water 
on a clean slide ])r(*pan*d with Mayer’s egg albumin facilitates the procedure. 

In Florida the disease has a definite seasonal prevalence during the summer 
months, folhnving jK*riods of rainy weather. Most of the cases originate 
on the lx>ach above high water mark. Thert? is some evidence that it is 
conn(‘cted with sewage dis[)osaI. Dogs and eats are the hosts of the adult 
worm. 

It is possible, as Fiilleborn and da Kocha-Lirna suggest, that the tropical 
form diffei-s from that des(Til)ed in Russia and America. The former apj>ears 
to be due to the burrowing of a fly larva under the epidermis. These larvae 
have been identified as Ixung Hypoderirmy Gastrophilus h(P?rwrrhoidalis, and 
(r. rvterinus. 3’he lesions of the' ancylostome larva? grouf) can be distinguished 
from those of Gastrophilus by l>eing much shorter and more complex. 

Child ixm are mostly attacked betw'een the fingers and toes, 

I'lilike the itch-miU*, it burrows on indefinitely, like a mole, and forms a 
red line or narrow raised ridge J in. broad. The parasite ajipears to travel at 
the rate of i-1 in. in twenty -four hours. The line zig-zags and twists about, 
but dcK?s not bifurcat<\ and may he. found in an}' jiart of the body — the face, 
chest, or more particularly the soles of the feet and the legs. While the 
advancing end of the line progresses, the opposite end fades awa 3 \ The 
only subjective symjitom is itching (Fig. 1S6). Tlu* disease may be of very 
long duration, and is aeeompanied by inten.se itching ; sometimes bulhe 
are formed. 

Austmann has used Lombard's method of clearing the living skin to 
demonstrate the larva? of Gastrophilus in cases produced by this insect. 
Ordinary machine-oil is used and the epidermis cleared around the line of 
creep. Using the binocular dissecting microscotK? the parasite may be seen 
lying between the cornilied and granular layers of the epidermis. With a 
magnification of 150 diameters, details of structure can be clearly seen, 

Trexitmait by injection of cocaine and parasiticidal substances in advance 
of the migrating larva has so far proved to be unsatisfactory. Excision of 
the portion of the burrow containing the advancing larva should be attempted. 
Ethyl acetate, applied on cotton or gauze or used in a flexile collodion, is 
effective in many cases. Refrigeration with ethyl chloride has been found 
to be most effective. An area of one and a half inches at the visible end of 
the burrow should be frozen for two to four minutes. If there are multiple 
burrows, the ethyl chloride should only be applied to a few at a time. Carbon- 
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dioxide snow is very painful, and the blisters thus produced heal very slowly. 
There is often a secondary dermatitis which must be treated as well. Rubbing 
oil of chenopodium into small incisions in the skin in front of the advancing.; 
larva has also been found efficacious. For the irritation, heliohrom (Teich- 
craber) in 10-per-cent, alcoholic solution is moat useful. 

Blood-sucking Larv.to 

Avchweromyia Inteola (Appendix, p. 1006), the larva of whicli is commonly 
known throughout the Congo as the “ floor maggot,” has a wide distribution 
throughout tropic^al Africa, from Northern Nigeria Ix) Natal. The adult 
fly is usually found among the thatch and beams of the walls and roofs of 



Fig. 186.— Multiple burrows of larva ttiigrans, from the (iold Coast. (Orlf/.) 

native huts, and deposits its eggs in crevices of the mud floors. Here the 
larvae hatch and move about in the moist earth. They emerge from their 
hiding-places and feed mainly at night. 

The sucking of blood is effected in a curious manner : the head segment 
is retracted, and the lips of the second form a sucking disc attaching tin* 
larva to the skin of the host ; the skin is scarified by th(‘ (;urved hooks, and 
thus blood is drawn. The larva itself' soon assumes a red colour due to the 
absorbed blood. It is said that the bite is not irritating. 

The larv£e of Cordylohia anthropophaga (vel. gru)ihergi) (wr jk 1010) and 
Dermaiobia cyaniventris {see p. 1012) burrow under th(^ skin and form sub- 
cutaneous abscesses. In the ca8(3 of the former a remarkable example of 
metazoan immunity has been found to be produced by Blacklock and Gordon 
{see p. 1010). 

Intestinal Myiasis 

Residence in the alimentary canal of some vertebrate animal is a regular 
feature in the life-history of many dipterous insects. The eggs of the insect 
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are either licked from the skin or swallowed in the food on which they had 
been deposited. In this way they are transferred to the stomach, where, 
after a time, the larvae are hatched out and undergo development. In due 
course they appear in the faeces. Man is not infrequently victimized in this 
way, especially in tropical countries. Sometimes, until a correct diagnosis 
is arrived at, not a little alarm is caused by the appearance of these creatures 
in the stools or vomit. They are easily recognized. The ringed, cylindrical 
b(K]y, ^-1 in. in length according to sjx^cies, broad at one end, taf)ering at the 
other, and usually beset with little spines or hairs, is sufficiently diagnostic 
(Fig. 187.) ^ 

Already we know ov(T twenty species of diptera whose larvic have been 
found in or expelled from the human intestinal canal. 

In EurofM‘ the majority of cases of intestinal myiasis, a not infrequent 
oc(nirrenc(‘, an‘ causi*d by Fnnnia canicularis (a fly closely resembling the 
common hous(‘tly, and erroneously considered a young form of the latter on 
ac(‘ount of its smalltT size) and the closely relaU‘d F, .smlaris. Occasionally 
pains in the abdomen, vomiting, and diarrhoea may ensue, and there may be 
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Fiji. 1S7. — Larva of CnJliphora vomitoria. 

evidences of toxi(^ absorption ; more usually these occur where the ingested 
larvffi are those of the (‘heeso maggot, Piophila casei. Larvae of the common 
house-fly {Musm dotjHisfira) have lK?en found in numbers in the stomach in 
the Idiilippin(‘s. In Africa the in.sect commonly found is Chrysoniyia chloro- 
Jif/gfiy and occasionally (\ putoria. 

A dose of castor oil will probably suffice to expel any of these creatures 
that may not hav^e been passed spontaneously. 

A rational prophylaxis would consist in the covering up of food after it 
has Ix'en cooked, in order to prevent the access of flies. 

Instances in which the larva* have been discharged per urethram have 
also been met with, though more rarely. 

Leech Infection 

In the grass and jungle lands of many tropical and subtropical countries 
land-leeches, probably of special species, often occur in great abundanc*e ; 
so much so that in some circumstances they may prove to be something 
more than a nuisance. Hoctmuiipm zeylanica is one of the most active, 
as well as best known, of theses liefore feeding, when outsti-etched, it is 
about an inch in length and about the thickness of a knitting-needle. It 
clings to a leaf or twig, awaiting the passing of some animal, on to which it 
springs with remarkable activity. It at once attaches itself to the skin and 
proceeds to make a meal on the blood. Animals are sometimes killed in this 
way ; men even have been known to succumb to repeated small bleedings 
by these j)est8. It is necessary, therefore, when jmssing through jungle lands 
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in which leeches abound, to have the feet and legs carefully protected. The 
bite is not infrequently the starting-point of a troublesome sore. 

In the south of Europe and in the north of Africa the horse-leech, Limiuitis 
nilotica (Fig. 188), sometimes gets into the gullet and nostrils of men as well as 
of animals. It has occasionally caused death by entering and occluding the 
air-passages. These leeches are a source of inconvenience to French troops 
in Algeria, and are mentioned as occurring in Na}>oleon’s army in its retreat 
through the Sinai Peninsula ; and several castes were noted among British 
troops during the late Eg^q^tian and Palestine campaigns. In Formosa, 
Manson heard of and saw several instances of a similar form of parasitism 



Fig. 188 . — Limndtis mtutica. Half nat. size. (S/k pjmnl, de/.) 

both in men and in monkeys. To what particular 8j)ecies the leech in these 
cases belonged is not known. Doubtless, wdien very young the lecch(‘s were 
taken in unperceived with foul drinking-water, and, wandering round the 
soft palate, found their wa}' into the nose. Occasionally, in the cases referred 
to, the creatures would protrude from the nares and wander over the upjKT 
lip. For a long time they contrived to elude all attempts at capture. By 
dipping the fac^e in cold water they can generally be persuaded t/O show 
themselves. In one instance the leech dropjxHl out s[)ontaneously. In 
another — an American naturalist who had been travelling much in the 
interior of Formosa, and who had sufi’ered from severe headache and profound 
anaemia, the results of repeated epistaxis — Manson succeeded in removing 
the leech by attaching through a speculum a spring forceps to its hinder 
end, and afterwards injecting salt and water. It would be well to bear in 
mind that in tropical countries persistent headache, associatod with recurritig 
epistaxis, may be caused by a leech in the nostril. 
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77ct' charartf rs of the cominont r inlestinnl prol<JZ()a, d.s .ieeu in 

prr partitions of f(^,cc.s and udten .stained ht/ ]\’t'ifjcrl's itxlinc, are shotvn in i'loies 
XXIX and XXX 

INTESTINAL AMCEB.^ 

Entamceba histolytica (Schaiidinn, 1903) (syn. Erularmjeha dysenieri(£) 
(Fig. 189), the pathogenic amoeba of man, has been considered in some detail 
above (p. 524), but a short summary nmy be given here. These amrebse 
vary very much in size ; as a rule they measure 20-30 pu in diameter and 
when active they eject characteristic hyaline pseudopodia. "Idle movements 
are ribbon-like, and these masstvs of protoplasm glide across the stage like a 
“ slug moving at express sjx^ed.” The cytoplasm is divisible into two zones 
— an outer chair ecto])Ia8m and a granular endoplasm. 'Idie nucleus, which 
is generally invisible in the living state, has a characteristic structure with 
small central karyosome, as is shown in the accompanying figure (Fig. 189, 7). 
Vacuoh's are not present in healthy living individuals, though they may 
apjK*ar in the protojilasm immediately IxTore death. The large active 
entamoeba', known as the vegetative forms, live in the intestinal wall at the 
basc^s of the lesions they give rise to, and there undergo binary fission. They 
ingest red blood -corpuscles, loucoeytes, and other portions of the tissues in 
which they live ; this habit serves as a distinguishing feature between 
E. hifitolyticxi and the non-pathogenic amtebae. On cessation of a vegetative 
life they ])ass on to encystment, first becoming precystic forms. 

The precystic forms of E. histolytica are probably develoix^d from larger 
amoebae by fission and, by frequent division, small daughter-amoebae are pro- 
duced. A shortage of food probably provides the stimulus which leads to 
encystment. Precystic armrbie are sluggish and their cytoplasm is devoid 
of fo(Kl vacuoles. On account of their small size they were formerly known 
as E. rnmuta, and according to the particular race they may vary in size 
from 5 to 20 pL. 

Cysts . — According to Wenyon and O’Connor, Dobell and Jepps, there 
are different races of E. histolyticct, distinguishable by the size of their cysts 
(Fig. 189, 2-5). The smallest measure 7-9 pi or less in average diameter, the 
largest about 15-20 pi The mature cyst is quadrinueleaU', and very com- 
monly contains within its cytoplasm refractile chromatoid bodies ; a glycogen 
mass is also usually present and b(‘com(‘s brown in colour ujx)n the addition 
of iodine solution. The nuclei within the cyst retain the charactei's of those 
of the vegetative form. 

According to Yorke, mature cysts are unable to undergo any further 
development in the intestine in which they are produced, so that under normal 
circumstances, they do not hatch there. Sellards and Theiler have been 
able to produce acute infection of kittens by intrarectal injection of cysts. 
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De^relopnient of E, histolytica from the precystic form to the fully -mature 
quadrinuoJeate cyst proceeds in the lumen of the bowel. The whole process 
only occupies a few hours and the quadrinucleate cyst can survive in 
the bowel about two days, but, according to Yorke and Adams, there is 
some substance in the faeces which prevents further development. Fluid 
is necessary for exeystation. From a fully-mature quadrinucleate cyst one 
quadrinucleate amoeba emerges which subsequently divides after nuclear 
division into eight uninucleate' individuals. 

Culture . — After many unsuccessful attempts, the cultivation of 

E. histolytica on artificial media was effected by Bocck and Drbohlav in 
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Fir. 189 . — Etitaiumbfi hisUAytica. x 2,500. {After Dobell.) 

1, .Ajctive aiTKrboiJ fonn witli invested red blood-corpuscl(!s. 1% Uninucleate (‘yat. 3, Jiinucleute 
cyst. 1, Quadriiuicleatc cyst. 5, Quadrinucleate cyst, aiuall race, G-G /« in <liamcter. 

Note central distinct karyoaorin- in the nucleus. 


1925. They use solid blood-agar or solidificid egg-slopt^s co\xued with 
Locke’s solution (.sec p. 1040). The addition of a pinch of finely-powdered 
rice starch (collar starch) to each tube of the medium greatly aids the growth 
of the amoebae, which ingest the granules with avidity. Recpntly these 
methods have been simplified by the introduction by Dobell and Laidlaw 
of a serum slope in place of the original egg-medium. Thc^ cultures are kept 
at 37° C. and must be reinoculated every two to four days. Subcultures 
which have been maintained for one hundred and fifty generations are still 
capable of producing amoebic dysentery when injected into kittens. In 
blood-agar cultures, and similarly in egg cultures, if the starch is withheld 
from a subsequent subculture and fresh blood is introduced, the entamoebaB 
will ingest red blood-corpuscles. Cultures may be obtained either from the 
active vegetative forms or from the cysts ; in the latter case even after the 
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laecea have been paasecl for aa Jong as nine days. J^obell has recently sho^^ n 
that in culture there is sottk^ manner of symbiosis between this amoeba and 
a bacteriuim and that the |)res(*nee of the latt-er is necessary for the encystment 
of tht; anueba in culture (convivium). 'rhis ammba is extremely stmaitive 
to emetine, wliieli destroys it in culture in a strengtli of one in five million 
within four days. The discjase — amcebiasis -can be reproduced in cats, 
dogs, and monkeys {Manira- rhesuH) and even in the giiinea-{)ig and rat by 
injection of cultures. Thf^ aimeba of the monkey {E. hislohftica m(iramruin) 
has b(“(‘n shown by Dolx'll to be identical with that of man. In the kitten 
(or cat) the infection is usually sev'en‘, so that the whole surfacf* of tlie large 
intestine Ix'comcs infected with anueba*, and, should the animal survive long 
enough, bact(*rial invasion of the blood-str(*am tak(‘s place*. .M(‘tast.'iti(,- 
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abscesses in the liver are frefjuent and this has also occasionally been noted 
in the dog. 

As Entamaha dispar, Brumpt recognizes a “ j)hysiological sjx‘cies ” mor- 
phologically indistinguishable from E. hhsfolytica, but not capable of engulfing 
red bloo^l -corpuscles. It produces four nucleated cysts, is non-pa thogenic 
to man and ])athogenic only in a mild degree when injected into cats. It 
apparently lives in the fieces and does not invade the bowel-wall. It is not 
regarded as a distinct species by most observers. 

Entamoeba coli {Qrassi, 1879) (Fig. 190).-— i&. coli is on an average larger 
than E. histolyticxi , but is subject to great variation in size. The size of 
the active stage of the organism may vary from 10 to 40 /x ; as a rule it is 
20-30 fi in diameter. Its movements are usually more sluggish than those 
of E, histolytica ; the sudden extrusion of pseudopodia is never seen and the 
organism dexjs not move across the slide, but remains in one locality. The 
cytoplasm is bulky and granular, and is usually charged with food vacuoles 
containing various objects such as bacteria, and even cysts of other protozoa 
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liko E, histolytica y Giardia^ Isospora, but never with red blood- corpUBclos m 
tissue elements. There is not the diflPerentiation of the cyt/)pla8ni inbi 
et'toplasm and endoplasm as occurs in E. histolytica. E. coli, in fact, leads 
a commensal existence in the faeces of the large intestine and (iocs not live 
in the bowel-wall. It is of a greyish colour and this, with the large number 
of food vacuoles containing bacteria and other objects, serves to distinguish it 
from E, histolytica. Sometimes the vaiaioles resemble fissures. 

Compared with that of E. histolytica the nucleus is large, coarse, and easily 
visible in the unstained state. The chromatin granules on the nuclear mem- 
brane are relativcdy coarse, wliile other granules occur on the linin network. 
The karyosome which is larger than that of the nucleus of E. histolytica is 
eccentric in position and is surrounded by a clear area limited by granul(‘s. 

Though these nuclear characters are seen in perfectly fresh sjx^c'imens, 
as in the case of E. histolytica^ they are frequently lost in individuals w hich 
are in the sliglitest degree degenerate. 

Like other entanuebac, E. coli reproduces by binary fission. IVior 
encystation the animboc undergo a considerable reduction in size, with the 
result that the precy.stic forms can with difficulty be distinguished from those' 
of E. histolytica. 

Cysts. — The cysts (Fig. 190, /) exhibit a considerable variation in size*, 
10-30 /X ; and there is little doubt that, like E. histolytica, E. coli is a com- 
posite species, consisting of a number of races distinguishable by the’! dimen- 
sions of their cysts. The resting nucleus within the cyst Invars the same 
characters as dex’s that of the active form. The single nucleus, which is at 
first present in the cyst, divides by binary fis.sieH] into two, four, and eight, 
the nuclei prejgressively diminishing in size. The mature cyst is octomi- 
cleate, though it must be remembered that immature binucleah* and quad- 
rinu(;leate cysts occur, and occasionally supernucleatcHl cysts with sixteen 
nuclei. The cytoplasm of the cyst coi\taina a variable amount of glycogen, 
w Inch is most abundant in the binucleaU* form, and may Ik^ demonstrated 
with iodine solution. Chromatoid bodies are not always present, apfK’aring 
more generally as small granular or rod-like bodies, esjx’cially in the bjuucleaP' 
stage. In mature octonucleate cysts they are, as a rule, abstmt, though 
when present they are usually in the form of pointed threads or splinters, 
thus differing from the stouU^r rod-shajxd bodies with biunU‘d ends found 
in E. histolytica. 

The life-history of E. coli is similar to that of E. histolytica^ save that the 
large vegetative forms inhabit the fajces, instead of the tissues of the liost. 
E. coli may be cultivated upon the same media as used for E. histolytica^ 
but with great difficulty. 

E. coli infections are not affected by emetine. 

Incidence of E. coli. — This organism is common in man, both in tem- 
perate zones and in the tropics ; it is probably more readily found in th(‘ fa*ces 
of dysenteric cases and is present in about 15 per cent, of normal individuals. 
Various animals, especiaUy monkeys, harbour specaes of entammba) re- 
sembling E. coli. Those of the monkey are not improbably identical with 
the human form. 

Councilmania lajleuri was the term proposed by Kofoid and Swezy 
for an amoeba in human faeces which they thought differed from E. coli ; 
hut this view has not gained general acceptance. 

Entamoeba gingivalis (Gros, 1849) (Fig. 191). — The amoeba of the mouth 
was the first amoeba discovered in man. Bass and Johns (1915) considered 
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it to be the cause of pyorrhoea alveolaris, but this has been disproved. It 
is a small amoeba showing great variations in size — from 10 /x to 25 /l 6 in 
diameter. lOndoplasm and ectoplasm are rather sharply differentiated, 
and the cytoplasm is filled with food vacuoles and peculiar inclusions of 
a greenish, refractile appearance. The nucleus is spherical and vesicular, 
varies in diameter from 2-5 ^ to 3 and is slightly smaller in proportion to 
the rest of the organism than is the. nucleus of E, histolytica or E. coli. The 




fig. 191. — EnUnnacha (jin- Fig. 

jiva/ls : active amoeboid 
form with eccentric iiu- i 

cleus and ingested 
bodies* 2,r»oo, {Afhr 

Dohrll-) 


192.' E ndul linn r nand. 

{After Ikthefl.) 

Aulive form. J. giiadrimicloun 

iiialurt; cv^t. 



Fig. \93.~ I odd mwba hiitschlii. X 2 , 500 . {Afttr Dobell.) 

Active arnaboid form with ingested micro-organisms. 2, Mature cyst, " iodine cyst,’ 
containing large iodine-staining glycogen mass. 


nuclear membrane is very definite and is dottod over with granules of chro- 
matin. Apart from the peculiar greenish refractile bodies, which may 
be the remains of salivary cor^mscles or polymorphonuclear cells, E. givgi' 
valis usually contains large numbers of bacteria. The ama'ba probably 
reproduces by binary fission, although all the stages have not l)eeii observed. 
It is also probable that this sjwcies dtxis not form evsts, thougli bodies iMdicvcd 
to represent this stage have been described. 

Endolimax nana (VVenyon and O’Connor, lbl7) (Fig. Ib2). — This spc'cies 
is of importance in so far that its ipiadrinucleate cysts, whii h are sometimes 
spherical, resemble the smaller cysts of Enlmnneha histolytica. It is commonly 
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present in normal faeces, and has been recorded in some 33 per cent, of dysen- 
teric and diarrhoeic stools. It is a small amceba, 6-12 /x in diameter, with 
characteristic vesicular nucleus and a large and irregularly-sha})ed karyosomo. 
It probably inhabits the small intestine, living upon the intestinal contents. 
The cysts (Fig. 192, 2) are characteristic structures of the same size as the 
active form, and contain, when mature, four nuclei, a few visible refractile 
granules, but no vacuoles or chromatoid bodies. Glycogen cannot always 
be demonstrated in the cysts, though it is most commonly found in tlie 
binucleate forms. They vary in shape from a typical oval to a s])hcre ; very 
BTiiall individuals are 6 y in diameter. Occasionally they contain peculiar 
inclusions resembling long and filamentous rods or granules, and an^ then liabh' 
to be mistaken for cysts of Gianfia intestinal is. 

Like Entamcoha roll, EndoHmax imna is non-[)athogeiiic and infections 
w ith it are not amenable to (unetine treatment. 

E. nnna may be cultured to a limited degree* on Boeck’s and Drbohlav's 
medium. 

Tablk showing Differential Characters of the Commoner Intestinal 

Am(Eb.e 

Entamwba coli. Entarnmlm histolytica. En imoj: nana. 


Size : IS -40 /x. 

Morphology : No dis- 
tinction between t'ndo- 
and ecto-plasm. 

Ingests bacteria, other 
protozoa, etc. 

Nucleus distinct in 
fresh s|x*ciinens. (A)arse 
chromatin granules on 
nuclear m e m b r a n e . 
ICccentric karyosome 
surrounded by coarse 
ring. 

Sluggish movement 
with granular jiseudo- 
podia. 

MultipUmtion : By 
binary fission in faeces. 
Encystment and forma- 
tion of 1, 2, 4, and 8 
nucleated spherical cysts, 
10-30 fi in diameter. 

Chromatoid b o d i e s 
typically not pn^sent in 
the mature cyst. 


20 30 p,. 

(iranular endoplasm ; 
cU‘ar ectoplasm. 

Ingests r(‘d c(‘lls, tissm* 
cells, etc. 

N Helens iiK-onspicuous 
in fresli s|)C‘cimens. Fine 
chromatin granules on 
nuclear membrane. Cen- 
tral kar>'osome s u r - 
rounded by delicate ring. 

Active movement with 
clear, blunt pseudopodia. 

By binary fission in 
intestinal wall. Encyst- 
ment and formation of 1 , 
2, and 4 nucleated spheii- 
cal cysts, 7-15 /x in diam- 
eter. 

(/hroniatoid b o dies 
(^8])ecially present in the 
matuie cyst. 


6 -12 /X. 

(Jranular and ratlu'r 
vacuolated cytoplasm . 


Ingests bact<*ria 
I'ood granul(*s. 

(dear nuclear mem- 
brane and massiv’* , irn*- 
gular karyosome. 


Sluggish movement 
with clear ps<,:udopodia. 

By binary fission in 
faeces. Encystment and 
formation of 1, 2, and 
4 nucleak^d oval cysts 
8-10 /X in length by 4-5 /x 
in breadth. 

(chromatoid bodies not 
pn‘S(.‘nt in the cyst. 
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lodamoeba butschlii (Prowazek, J912) (Fig. 193). -The formerly 
described as “ iodine cysts ” or “ I. cysts ” in human faeces are now definitely 
known to belong to this amoeba. A similar organism has been described 
from the dejecta of monkeys and pigs. /. butschlii is a small amoeba, inter- 
mediate in size Ix^tween E. cajU and E. immi. It measures from 9 to 20 fx in 
diameter, but very small individuals 5 fi in size have been recognizod. 

In form and habit it is very like a small sjKJcimen of coli. The (cytoplasm is 
filkMl with food vacuoles containing bacteria and other food particles. The 
nucleus, which is often quite invisible in organisms containing much food, has 
a diameter of about one-fifth to one-fourth of that of th(‘ whole organism ; 
it is vesicular, and has a moderate -sized central, intensely-staining karyosorne, 
2-3-5 fjL in diameter. The nuclear membrane is well develojHHl. ikTween 
it and the karyosorne is a clear zone occupied by a layer of small granules. 
I. butschlii feeds chiefly upon the micro-organisms of the large intestine, 
which it inhabits, but the active forms, or trophozoites, are much lt*ss com- 
monly encountei’ed than are the eysts. Multiplication of this arnadm is 
by binary fission ; but, according to Dobell, a reduction in size of the pre- 
cystic stage does not take place. 

The cysts are remarkable uninucleated structures, very frequently irregular 
in outline, but typically spherical or oval, and measuring 9-12 /x in diameter. 



Fig. 194. — Dientamceba frur/ilis, uninucleate and binucleate forms. 
X 2,r)CM). {After DobeJL) 


Owing to the irregularities in their shajx?, they are often difficult to measure 
with certainty, but fi-lfi /x may ho taken as extremes of the largest diameter. 
Th(‘y contain numerous refractile granules formed of a substance known as 
volutin, and, almost invariably, a comparatively large and dense glycogen 
mass, most readily seen wdien the cysts are suspended in iodine solution. 
Sometimes two or even three separate masses may be found in the same 
cyst. The cyst nucleus, eccentrically placed, is of a comparatively large 
size, 2-2-5 /x. The karyosorne, wliich is centrally situateHl in the nuclei of 
active prt'cystic amoeba;, gradually passes during enc^ stment to the periphery 
and becomes a large compact mass in contact with the nuclear membrane. 

The matim; uninucleate cysts of this amoeba, save for the disappearance 
of the contained glycogen, undergo no further changes outside the human 
body. 

I. butschlii occurs in about 5 ix?r cent, of fieces, most commonly in those 
who have been in the tropics, and not infrequently in association with E. 
h istolyticAi, 

Infections showing both the active forms and the cysts of I. butschlii are 
extremely amenable to emetine and emetine-bismuthous iodide. How this 
drug acts it is difficult to say, for it is without effect upon E. coli and E. 7uina 
infections. This aimeba has been cultivated on egg-medium by Thomson 
and Robertson. 

Dientamoeba fragilis (Jepps and Dobell), 1918 (Fig. 194) is a very small 
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amoeba, 3*5-12 /x in diameter, its usual size being 8-U /x. It bves in I he 
large intestine. It is actively motile, with marked differentiation between 
ecto- and endo-plasm. The pseudopodia are lobed and indented. It is a 
rare amoeba, and few eases of infection w ith it have so far been described. 
Each individual is typically binucleate. In size the nucleus ranges from 
0*8 ^ to 2-3 /X ; it is spherical, the karyosome being large and composed of a 
number of granules embedded in a plastin matrix. After leaving the body the 
amoeba qui(;kly degenerates. It would appear to live exclusively upon 
bacteria and other small micro-organisms. It is doubtful if cysts hav(‘ 
been seen. 

Parasitisyn . — Most of the intestinal ammba^ of man are liable to be invaded 
by a fungus knowm as Spheerita ; this consists of small spherical masses of 
a coccus-Uke body which is refractile in a living condition and occurs w ithin 
vacuoles of the cytoplasm. 

INTESTINAL FLAGELLATES 

Tricercomonas intestinalis (Wenyon and O’Connor, 1917). Synonym, 
Knleromonas honiinid (Fonseca, 1915). — T. mtestinalis (Fig. 195, ,J-L) is a 
minute and very a(;tive flagellate, almost pyriform in shape, nu'asuring 
4-10 // in length by 3-6 p in breadth. The ])osterior end is drawn out to a 
fine point. The nucleus is single and vesicular, and three llag(*lla of equal 
length arise from a blepharoplast on its membrane ; a fourth also arises 
from it but runs to the posterior extremity of the body, ending as a Uu’minal 
lash. The combined action of the.se flagella is to produce a “ hovering effect.” 
The cysts are of small size and closely resembk; fungus s}>ores ; tlu‘y are 
oval in outline wdth a distinct cyst-wall and contain iodophilic' refractile 
bodies. Cultivation of the parasite can easily be effected on Hoeck and 
Drbohlav’s Locke egg-medium. 

Embadomonas intestinalis ( VV(‘nyon and O'Connor, 1 9 1 7) ( Fig. 1 95, ( M ), 
is a small, active flagellate of oval shaj^e, 4- 9 p in length and 3 4 p in breadth 
inhabiting the intestinal canal of man. There are two flagella, the anterior 
being the longer and thinner ; the posterior projects from a mouth situated 
somewhat laterally at the anterior end. These flagella act inde})endently of 
each other, thereby imparting a peculiar jerky movement to the organism. In 
shape it is ovoid, possessing a blunt anterior and a pointed posterior extremity. 
The cytoplasm is vacuolated and contains ingested bacilli. The round 
nucleus occupies the anterior end of the body. The cysts are ixiar-sha{)ed, 
4*5-6 fjL in length, and when viewed in the fresh state ap{)ear to be structun^- 
less ; when they are stained, certain nuclear structures can be made out. 

This parasite has been cultured on egg-medium ; it has apparently no 
pathological significance. 

Chilomastix mesnili (Wenyon, 1910). Synonym, Tefmmitus rnesnili 
(Fig. 195, 1)-P^) — The parasito also occurs in the large int(‘stine and re.sembles 
Trichomonas hominis in general shape and size. It has thretj long anterior 
flagella, but is devoid of the undulating membrane and axostyle. It possesses 
a large moyuth, occupying two-thirds of the body-length, with a contained 
flagellum which, in common with the three anterior organs, arises from a 
granule situated anteriorly to the spherical nucleus. The postorior extremity 
is drawm out to a fine point. The cytoplasm is vacuolated and may contain 
bacteria, which form the food supply. These organisms vary much in length, 
but average 14 /x in length by 5-6 /x in breadth. Division probably takes place 
by longitudinal fission. In formed stools the lemon-shaped cysts appear, and 
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How A. Entiwidiba histolifticd. (Unstained.) 

I. Active ve^elativc forin with ingestod red 
blood -{•or]>usc]eH : granular endoplasm 
and clear (‘CtoplaHrn. 

1 . lV<*c\.stic form : Xotc larL^’e nucleus with 
eentriil karvosorne. 

Iniinuiure cyst witli two nuclei and con- 
tained eliromatoid rods. 

4. Mature cyst with tour nuclei, vacuiule and 
eliromatoid roils. 

r». rmnucleated eyst of the minuta 

Kow A,. Futdirnrha tnslol i/t tea. (Stained \Vei|^ert’s 

IndiiK*. I 

1. IY(‘<‘y.stic torin. .Vote dilTurte iodine- 
staining substance. 

Immature cyst with two nuclei and 
eliromidial rods. 

d. Mature v \st u itii four nuclei, iodine 
vacuolo and eliromidial rods. 

4- t^uadrinueli ated c\st of the minula form. 

How H. Hvtaniujha coli. (Unstnined.; 

I. .Active veeeiative form with characteristic 
nueleus, l>lunt pseudo]»odia and proto- 
plasmic vacuoles with food material. 

J^-eeystie fiu in w ith characterist ic nucleus. 

d. Immature .-.tage with two iiuelei and 
vacuole. 

4. Mature cyst witli eight nuclei. 

How I'.nUnnwha coJi. (Stained WeigerUs Iodine.) 

1. Active vigetative form with vacuoles and 

ingested food material. 
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vary ia length from 7 to 10 /x ; they contain a single nucleus, and shou 
vestiges of a mouth structure as in the free form. In fresh preparations the 
cysts have to be differentiated from the yeasts of similar size and shai)e which 
are frequently present in faices. 

In freshly voided discharges Chilomastix has an active, jerky movement, 
which distinguishes it from the more deliberate rotatory action of Tricho- 



Fig. 195. The flagellates of the human intestine, (x 2,000). {After Wenyon.) 

A-C, Qiardia intestiiialis ^ free and encysted fonns ; D-F, Chilomastix mesnili^ free and 
encysted forms ; G-I, Evibadomonas intfstinalisy free and encysted forms ; J-L, Tricer- 
comonas irdestinoLis, free and encysted forms ; M-O, Trichomonas hominisy forms with 
‘ three, four and five flagella. 

monas. Infections with this parasite are very persistent, though there is 
no evidence that it is pathogenic. Recently it has been cultured on artificial 
media, as in the case of Trichomonas hominis. 

Trichomonas hominis ( Davaine, 1860) (Fig. 195, M-O). — This common 
intestinal flagellate of man inhabits, often in enormous numbers, the large 
intestine and csecum. Its body is pear-shaped, 10-15 /a in length by 7-10 /x 
in breadth. A spherical nucleus is situated at the anterior end, and just 
anterior to this are placed the blepharoplasts from which arise the long free 
55 
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Hagella ; these are directed forwards, while a thicker one passes backwards 
and forms the border of an undulating ineinbrane, beyond which it is con- 
tinued as a free flagellum. A small aperture near tlm anterior (‘iid re|)!’es(‘nts 
the mouth or cytostome. A stiffening rod supports the undulating membrane 
and arises from the blepharoplast. Running down the middle of the body is 
a second skeletal rod, known as the axostyle. The cytoplasm is vacuolated 
and contains bacteria and food granules. According to the number of free 
flagella (3, 4 or 5), three varieties of Trichomonas are known. The oiu* v\ ith 
four free flagella is most commonly encountered. 

These flagellates progress rapidly by lashing movements proc(‘eding 
from the three anterior flagella, while the undulating membrane causes the 
parasite to revolve on its longitudinal axis. The parasite is also capable of 
a certain amount of amoeboid movement, espiH'ially evident in degenerating 
individuals. 

Reproduction is effected by longitudinal fission. When the various organs 
are completely duplicated, the body of the flagellaU' splits and gives rise to 
two daughter individuals. No encysted forms are knoun, though it seems 
they must be prt*sent at some stage. 

The abundance of T. hominis in diarrhocic conditions has led some ob- 
servers to regard it as pathogenic to man. Wen 3 on, on examination of 
material from cases of intestinal infection with this organism, found definite 
evidence of invasion of the intestinal wall by the flagellates. He has pointed 
out that guinea-pigs infected with T. cavice often show ulceration of the 
large intestine. 

Another species, Trichomonas huccalis, occurs in the mouth-cavity and on 
the surface of the tonsil, and a third, which inhabits the vagina, is known 
as Trichomonas vaginalis^ and is found in 10 per cent, of women. According 
to Wenyon and O’Connor, intestinal infections with Trichomonas are very 
persistent. The parasite may ho present for weeks, disapjiear from the 
stools mysteriously, and return just as mysteriously at some later pt^riod. 
There is no evidence that it is jiathogenic. Its presemee in diarrhceic stools 
is probably merely a coincidence as it finds in the liquid faeces a congenial 
medium for multiplication. Jn dysenteric stools containing blood these 
flagellates not infrequently ingest red blood-corpuscles. 

Varieties of I'^richomonas occur ; those with three, four or five anU'rior 
flagella have been termed Tri- Tetra- and Penta-trichomonas. Trichomonas 
hominis can be cultivated on blood-agar and Locke’s fluid, similarly to E. 
histolytica (p. 1040), for many generations. Subinoculations must be made 
every few days. 

Giardia intestinalis (Lambl, 1859). Synonyms, Layvhlia initstmalis, 
Oiardia lamblia (Stiles, 1915) (Fig. 195, A-C). — This parasite lives in the upper 
part of the small intestine, particularly the duodenum. In shape it resembles 
the half of a pear split longitudinally, and it measures 12-18 /x in length by 
6 /X in breadth. The ventral surface has a concave sucking disc, with a 
raised edge, at the anterior end. The posterior extremity tapers into a 
tail and terminates in two flagella. There are four pairs of flagella, arising 
from a series of blepharoplasts. Two axostyles pass down the centre of the 
body. Two oval nuclei are situated at the anterior end. The flagellate swims 
rapidly, swaying from side to side. Oiardia reproduces itself by a very com- 
pUcated process of binary fission. The cysts may occur in enormous numbers 
in the fsBces. At first binucleate, certain complicated changes proceed inside 
the cyst-wall, which result in the formation of four nuclei, duplication of all 
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the structures, and finally two completely new individuals. They are 
then very characteristic structures, 14 fj, in length. The cytoplasm is quite 
transparent, and the structures contained therein can be defined with pre- 
cision. The presence of the axostyles, which form a sort of dividing line 
within the cyst-wall, gives it a distinctive appearance and serves to dis- 
tinguish it from cysts of amcebae (Fig. 195, C). When examined in iodine 
solution, these cysts stain a faint yellowish-brown colour and the cytoplasmic 
contents tend to shrink back from the cyst- wall. 

Infections are very persistent, so that cysts may be found in the stools 
for many years. Under certain conditions, it is thought by some observers, 
this parasite may assume a pathogenic role. It is said to have been seen in 
bile removed from the gall-bladder at operation and is commonly found in 
the duodenal juice obtained by tubage. It has not been artificially cultured. 

Sjxicies of Giardia occur in rats, mice, cats, dogs and other animals. 

INTESTINAL COCCIDIA 

The Coccidia are intracellular protozoa, in whose life -cycle there is an 
alternation of generations, in which an asexual cycle — schizogony — alternates 
with a sexual cycle — sporogony. In the latter a single zygote which becomes 
encysted as an oocyst eventuall}' produces a number of sporozoites which 
are included in masses within smaller cysts, or sporocysts. 

The life-history of a typical member of the genus Eimeria, such as that 
fijund in the liver of the rabbit, is actually very similar to that of a malarial 
parasite. It was from the study of this parasite that Pfeiffer in 1892 predicted 
in such a remarkably accurate manner the life-cycle of the malaria jmrasite 
within the mosquito. The life-history of Eimeria schubergi of the centij)ede, 
Lithohius forficatus, is very similar to that of the rabbit, and may be taken as 
an examj)le. Th(‘ young j)arasites, or sporozoites, are liberated from a 
sporocyst in the int<*stinal tract and jKmetrate epithelial cells, where they 
grow into lai'ge schizonts, chara(;U'rized by a large vesicular nucleus and a 
karyosome. When full-grown the nucleus divides by lepeated fission till a 
variable number of daughtcu -niiclei are ])roduced. The schizont now divides 
into as many mcrozoit<‘s as there are nuclei. 1'he c(‘Ils burst, the merozoites 
are .set free, and ent<*ring other cells develop in one of two ways, either into 
schizonts again or into gametocytes. There is si'xual differentiation of the 
latter ; in the male the protoplasm is cl(‘ar, but in the female it is crowded 
with res(Tve food material. 

The male gametocyU^ develops further ; the nucleus divides rej>eatedly, 
formi?ig many s(‘condarv nuclei, which develop into microgametes —small, 
slender bodies providt'd vv ilh two flagella. Tlie host ceil then bursts, liberating 
the microgarneUis, whi(;h endeavour to enter the female cell or macrogamete. 
Wlum one su(di has effected its entrance, the fertilized macrogamete, which 
is now known as a zygote, secretes a tough membrane and becomes an oocyst, 
thus [)reventing entrance of any other microgainetes. The nucleus of the 
penetrating niicrogamete fuses with the female nucleus, forming a synkaryon. 
The zygote then breaks up into four sporoblasts, each then becomes surrounded 
by a tough envelojK?, the sporocyst, within which the protoplasm divides to 
form two sf)orozoite8. Consequently, w'hen sporogony is complete, the original 
oocyst contains four sporocysts, each containing tw^o sporozoitt's. In order 
to dev(dop further the oocyst must pass out with the faeces and be swallowed 
by a new host, whereupon the tough membranes dissolve, liberating the 
sporozoites. 
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Coccidia are common parasites of vertebrates. Several instances are on 
record of the finding of oocysts of coccidia, resembling those of Eimeria 
stiedce of the rabbit, in human livers post-mortem. The parasite in human 
liver has been named E. guhleri (Guiart, 1922). Since Woodcock and 
Wenyon’s discovery of the oocysts of Isospora in human fspces in 1915, and 
Dobell’s work on the same subject (1919), it is known that the oocysts of 
at least three different coccidia — one belonging to the genus Isospora and tw^o 
to the genus Eimeria — are occasionally found in the faeces of man. 

Human Coccidiosis 

Isospora hominis (Railliet and Lucet, 1901). Synonym. Isospora 
belli (Wenyon, 1923). (Fig. 19(5, 7, 2.) — More than 150 cases of infection 



Fig. 196. — Oocysts of coccidia found in human faeces, x 1,000. {After Dobell.) 

1, Isospora hominis, undeveloped ejost. 2, l-'ully developed spores of same. 3, Eimeria dupearum, 
fully developed oocyst and spores. 4, Eimeria sard mite, fully developed oOcyst and spores. 

have been recorded with this organism in man. Though undoubtedly para- 
sitic in man, it is not seriously pathogenic, though in the case described by 
Connal and also the one treated by the Editor {sec p. 568) there was con- 
tinuous and debilitating dianhoea of six weeks’ duration, associated with 
numerous Charcot- Leyden crystals and pus cells in the faeces and a high 
eosinophilia in the blood. Most of the cases come from the Eastern 
Mediterranean, but the Editor’s was infected in the West Indies. The 
schizogonic cycle of development in the intestine is unknown. The oocysts 
are an elongated oval in shai)e, with a tapering extremity, and vary in length 



COCCIDIOSIS 


809 


from J8-33 /i, whiJt^ their length is 12-5-JO /x ; th(; ckjcyBt-wall is jHirfectly 
clear and colourless. These oocysts are usually discharged with the zygote 
in an unsegmented condition, but occasionally after its segmentation into 
sporoblasts. In the fjeces outside the body the zygob^ segments to form 



Fig. 197. — Balantidium, coli. X J,2(Xt 
( After DuheU ; Inj pertnissiou of Medical Research Council, Report No. 51.) 

1, Living animal; N., meganucleus ; n, micronucleus ; c.v.l, anterior contractile vacuole ; c.v.2, 

posterior contractile vacuole; f.v., food vacuole; mo., mouth. 

2, Enci'sted form, showing nuclei, posterior contractile vacuole, and remains of cilia. 


two ovoid sporoblasts which quickly become enclosed in sporocysts, each 
measuring about 14 /x in length by 7-9 /x in breadth, and each eventually 
containing four sporozoites. 

With regard to the coccidia of the genus Eimeria in human faeces, Thomson 
and Robertson pointed out that these are actually parasites of fish and that 
the oocysts are passed unchanged through the human intestine after ingestion. 
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Attention is given to these organisms heeause they were I'onnerly t liought to 
be parasitic in the human intestine. 

Eimeria clupearum (Th«'*lohaii, 189^’) (/;. u'eiufoni (Dobell, 1918}) (Fi);. UH>, F). — The oocvsls are 
passed in the feeces with spores and sporozoites fully developed. The odoysls are approximately 
spherical in shape, with a diameter of 22/» ; the outer surface is ni^mse, the inner smooth and lined 
with a delicate membrane. The four oval sporocysta within the odcysl-wtills measure lo by 7 //, 
and each contains two typical sporozoites. The oocysts of this coccitiium are found in the intestine 
in 100 per cent, of herrin)?8, mackerels and sprats. 

Eimeria sa rdinw ('Vhi'lohan, 1890) (E. orj/spora (Dobell, 1 91 8)) (Fig. 196, /). This cotx.idium 
has been found in human fieces on several occasions. The spherical oocysts measun' :{(’> fi iri diameter, 
and have their contents completely differentiated into four sporofysts, ;U) in longtli by 7 -a fi iit 
breadth. Each in turn contains two long slender sporozoites. 

As in the foregoing species this coccitiium occurs in the testes of s[»rat3 and to a lesser extent 
in the soft roes of adult herrings. 

BALANTIDIUM 

One important Infusorian occurs in man — the ciliated protozoon, Baiun- 
co/i (Mai msten, 1857). This parasite is oval in shape, and is of variable 
size. It may measure 30-200 p, in length by 40-60 /x in breadth, though 
the average length is 50-70 p,. There are probably various races, distinguished 
by their size. 

The body is clothed with a thick covering of cilia. There is a large kidney- 
shaped macronucleus with a small micronucleus approximated to it. The 
protoplasm contains two contractile and a number of food vacuok^s, and 
there is at the anterior end an opening — the perisiomr — leading into the 
mouth or cytostome, and a posterior cytopyge or anus. Nutrition is eflf'ecte*d 
by ingestion of solid particles. The cuticle is longitudinally striateid. (Fig, 
197, /.) The parasite reproduces itself asexually by transverse fission. 
Conjugation takes place by approximation of two individuals and by the ex- 
change of certain nuclear elemente ; after this has Ikhui effected the conjugants 
separate. Encystment occurs (Fig. 197, 2) ; the (jysts, which are slightly 
ovoid, measuring 50-60 p in diameter, are passed in the fa*ces, the infection 
being transmitted by their ingestion. 

The parasite has been cultured artificially on human serum diluted with 
saline and kept at 30-37° C. Frequent subinoculations are necessary. 

jB. coli sometimes burrows into the submucosa causing a dysente^ric con- 
dition known as balantidial dysentery or balantidiasis (see p. 564). The 
cihate is a normal inhabitant of the large intestine of pigs, and those who 
are in attendance upon them are liable to infection. It has been found in 
the mesenteric glands, as well as in the ulcers. It is a very active and obvious 
parasite, and may occasionally be found in diarrhouc, as well as in blood and 
mucous stools. 

Infection with this organism has been recorded from France, Clermany, 
the Philippines, and elsewhere. The parasite also occurs in monkeys and 
alhed species, in ruminants, and other animals in captivity. It may be the 
cause of death in monkeys in zoological gardens. Infection is conveyed from 
one host to another by means of the cysts. 

PROTOZOA OF THE BLOOD 
I. Trypanosomes 

The structure of the trypanosome body is of a uniform type, though 
subject to variation in minor details. The body is slender ; the anterior^ 
end tapers gradually to a fine point, while the posterior generally terminates 

* The terms “ flagellar ” aud aflagellar ” may be ustxl to designate the extremities of 
the body, instead of the terms “anterior” and “posterior” respectively, which are here 
employed strictly with reference to the mode of progression. 
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more bluntly (Fig. 198). The general shape of the body is that of a curved, 
flatt/ened blade. 

The nucleus (trophonucleus) is situated centrally ; the kinetoplast is 
usually placed posteriorly to the nucleus, but is sometimes closely approxi- 
mated to it. Certain exceptions to this rule are known, namely, T. rhode- 
mense (p. 163), T. brucei and some multiplicative forms of T. lewisi. The 
axonerne, the axial filament of the flagellum, arises from a blepharoplast, 
and passes forwards along the margin of the undulating membrane ; in some 
easels it may end with the undulating membrane at the anterior extremity 
of the body ; but more usually it is continued forwards into the flagellum. 
Trypanosomes in which the axonerne extends beyond the anterior end of the 
body into it are said to have a free flagellum. 

Trypanosomes multiply by binary fission. The kinetoplast (blepharo- 
plast and parabasal) first divide. This is followed by division of the nucleus 
and formation of a new flagellum and membrane. The body then divides 
longitudinally from before backwards. 

Trypanosomes occur as blood parasites in all classes of vertebrates. Many 
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wild animals harbour them. They are very sjxjcific to a particular host and 
are in most cases harmless parasites. 

Transmission. — Except in the case of Trypanosoma equiperdum which 
passes from horse to horse during coitus, trypanosomes are transmitted 
from one vertebrate host to another by blood-sucking invertebrates, usually 
insects, and in the cases of fish, leeches. In some cases, as for instance 
Trypanosoma evansi, the transmission is purely mechanical, a fly after feed- 
ing on an infected animal within a few minutes bites an uninfected one, 
thus inoculating trypanosomes wliich have remained alive in or on its proboscis. 
In most cases, however, transmission is associated with a definite develop- 
mental c^ycle in the fly, so that, after an infective feed, there is an incubation 
|>eriod before the fly again becomes infective. Infectivity is always dependent 
on the final production in the fly of a special type, known as the metacyclic 
trypanosome. 

There are two main tyj)es of development. In one development 
commences in the stomach, the developing forms spreading forwards to 
the proboscis and salivary glands, or development is confined entirely to the 
proboscis, while in the other development commences in the stomach, 
the developing forms passing backwards to the hindgut. The first type of 
development is referred to as taking place in the anterior station, and the 
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second type as in the posterior station. In the case of anterior development, 
the metacyclic infective trypanosomes are inoculated during the biting act, 
while in the case of the posterior development, the metacyclic infective try- 
panosomes escape in the faeces of the insect and gain entrance to the mouth 
of the vertebrate and bring about infection in that way. 

The pathogenic trypanosomes of Africa are transmitted by species of 
Glossina in which three types of development in the anterior station occur. 
In the case of T. gamhiense^ T. rhodesiense and T. hruceiy the ingested trypano- 
somes commence to develop and multiply in the stomach, where finally a 
long slender type of trypanosome is produced. This form migrates forwards 
to the proventriculus and thence to the proboscis and salivary glands. In 
the salivary glands it becomes transformed into crithidial forms which attach 
themselves to the glandular cells. They are converted into metacyclic 
trypanosomes which resemble those originally present in the blood. These 
trypanosomes are inoculated with the saliva w^hen the fly bites. In the 
case of T. congolense there is at first a stomach phase of development, but 
the long slender trjrpanosomes pass forwards to the proboscis only, and 
not to the salivary glands. It is in the proboscis that crithidial forms and 
finally the metacyclic trypanosomes are produced. Finally, in 7\ rivax 
there is no stomach phase of development, the trypanosomes developing 
only in the proboscis, where the crithidial and metacyclic forms are evolved. 

In all other instances of known transmission of trypanosomes associated 
with development in intermediate hosts evolution is in the posterior station. 
Thus in T. cruziy transmitted by reduviid bugs, such as PanMrongylus {Triatoma 
megistus)y development commences in the stomach and proceeds in the hindgut, 
where numerous crithidial forms are produced. Finally metacyclic trypano- 
somes are evolved which escape from the intestine of the bug in its fooces. 
From what is knowm of the transmission of the rat- trypanosome, T. lewisiy by 
the flea, and the sheep- trypanosome, T. mclophagiumy by the ked {Melophagus 
ovinus)y it seems probable that infection of the vertebrate wdth T. cruzi is 
brought about by the ingestion of the feces of the bug. 

Cultivation. — Trypanosomes can be cultivated in certain blood-media. 
Those of cold-blooded vertebrates and birds and the non-pathogenic species 
of mammals such as 2\ lewisiy T, theileriy T, melophagiumy etc., are easily 
cultivated in N.N.N. medium or some of its modifications. The pathogenic 
forms like T. gambiensey T. rhodesiensey T. hruceiy T. congolensCy T. vivax 
and T. evansi, are very difficult to cultivate in this medium, though in a 
primary culture they will change in form and survive for many days. Sub- 
culture is difficult to obtain. In more complicated media it is sometimes 
possible to carry on cultures for many generations. On the other hand, T. 
cruzi resembles the non-pathogenic trypanosomes in being more readily 
cultivated. 

Generally speaking trypanosomes in cultures tend to develop along 
the lines of the cycle in the invertebrate. Crithidial forms are produced, 
and after these have multiplied for some time there again appear trypano- 
some forms which probably correspond with the metacyclic trypanosonu^s 
developed in the invertebrate host. 

Trypanosoma gambiense (Dutton, 1902). — This trypanosome never 
occurs in the blood of man in great numbers. Sometimes it can be more 
readily found in the fluid obtained by puncture of an enlarged lymphatic 
gland, or in the cerebro-spinal fluid. It varies much in length and breadth 
during different stages of its existence ; as a general rule, it measures 13-39 p, 
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in length, by 1-3 /x in breadth. (Fig. 199, 7.) The polymorphism in the 
blood of mammals is one of the most characteristic features of this trypanosome. 
Three types are normally recognized — short stumpy forms without free 
flagellum, long slender forms with free flagellum, and intermediate forms. 

The parasite is found, not only in the blood, but in the lymphatic glands, 
the cerebrO'Spinal fluid, and the substance of solid organs, especially the 
brain. Most laboratory and domestic animals can be infected with this 
trypanosome, but baboons {(^ynoceplialus) and the sooty manga bey monkey 
(Cercocehm fuliginosvs) are refractory. Trypanosoma nigeriense is con- 
sidered to be iiKTcly a local variety of T. gamhiense. 

Development of T. gamhiense in Olossirui palpalis. — Trypanosomes are 
ingested by the glossina and during the first few days of their residence in 



Fig. 199. — Various frypanosonies of man and animals, x 1,300. 

{After W ctiyon.) 

], T. gamhiense ; 2, T. rhodiensc {brucei) ; 3, T. evansi ; 4 and 5, T. uniforme, T. vivcut ; (>, T. con- 
golense ; 7, T. cruzi ; 8, T, t/ieileri ; U, T. equinum ; 10, T. equipcrdum; 11, T’. lewisi. 

the stomach of the fly, multiplication proceeds, trypanosomes of various 
shapes and sizes being produced, until by the seventh to the tenth day they 
exhibit a very wide range of form. From the tenth to the twelfth day on- 
wards, long slender forms appear in great number, and gradually migrate 
towards the proventriculus of the fly, in which organ they become the pre- 
dominant ty})e. The proven triciilar forms migrate to the salivary glands, 
where they assume a crithidial shape and attach themselves to the wall of 
the ducts. Development in the salivary gland proceeds for a period of from 
two to five days, when there are produced metacyclic trypanosomes, which are 
t he forms infective for man. 

Under optimum conditions the complete cycle of development in the 
tsetse tly takes at least eighteen days. Moreover, of the total number of 
flies fed on blood containing trypanosomes, multiplication of the organism 
takes place in only 8 per cent., and in a still smaller proportion only are 
metacyclic infective forms produced. 
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Reservoir -hosts , — In the laboratory most forms of the South African 
antelope have been experimentally infected from the bites of infective glossinae, 
but under natural conditions it is improbable that all forms of antelope act 
as reservoir- hosts of this trypanosome. The swamp-dwelling forms, par- 
ticularly “ the situtunga,” Limrwtragus spekei, have fallen under suspicion. 
In addition to these, all domestic animals, even sheep and dogs, may be 
naturally infected, but they succumb as a rule so rapidly that they cannot 
be considered so much a source of danger as are the wild game. 

Trypanosoma rhodesiense (Stephens and Fantham, 1910). — In the blood 
of man T. rhodesiense is indistinguishable from T. gamhiense, the same three 
types being recognizable. In order to differentiate it, it is necessary to sub- 
inoculate the strains into laboratory animals, preferably the rat. In this 
host a change takes place in the position of the nucknis ; whereas in 7\ gam- 
biense it is always anterior to the kinetoplast, in rhodesiense, in a varying 
proportion of the trypanosomes, it assumes a j) 08 itic)n close to the kineto- 
plast or, in a very few cases, actually posterior to this structure. The pro- 
portion of posterior nuclear forms, which are notably shorter than the normal, 
rarely constitutes more than 5-6 per cent, of the total number of trypano- 
somes. (Fig. 199, 2.) 

Thomson and Robertson (1927) demonstrated that certain arsenical 
preparations administered to animals infected with trypanosomes which 
had lost their posterior-nucleated forms, instantly cau8(‘d their reappearance. 
Yorke (1911) found that goats and horses infected with this trypanosome 
developed an interstitial keratitis of the eyes, in which trypanosomes could 
be demonstrated in the interstitial tissues outside the blood-vessels. 

Some authorities regard T. rhodesiense as representing the human strain 
of T, hrucei, as it is morphologically identical with it while in Uganda the 
International Commission claimed that posterior nuclear forms may occur 
rarely in T, gambiense infections, and that probably 7\ rhodesiense is merely 
the former trypanosome transmitted through a different species of glossina, 
or a more virulent race of it ; but this view has not gained general acceptance. 

Geographical distribution . — This trypanosome has a limited geographical 
distribution, being confined to Northern Nyasaland, North-Eastern Rhcxlesia, 
Portuguese East Africa, and the Southern Sudan, but is thought to be ex- 
tending its range. Its pathogenicity is greater than that of T. gambiense ; it 
is more resistant to treatment, and more virulent to laboratory animals. 

Development in G. morsitans . — As far as is known, the development of 
T. rhodesiense in G. morsitans and other tsetse flies is identical with that of 
T. gambiense in G. palpalis. Probably it is this sjxjcies which is transmitted 
by G. surynnertoni in Mwanza (Tanganyika Territory). 

Trypanosoma (Schizotrypanum) cnizi (Chagas, 1909). Synonym, T. 
escomeli . — Occurs in the blood of man in Brazil, Venezuela, and Argen- 
tina, causing a disease known as Chagas’ disease. The development of this 
trypanosome (Fig. 200) differs materially from that of any of the preceding, 
by the method of multiplication in the body. When present in the blood- 
stream it is dimorphic, some forms being broad and others narrow. The 
posterior end is sharp and wedge-shaped, while the parabasal body is large ; 
individuals measure about 20 /x in length. (Fig. 199, 7.) As Robertson 
has pointed out, they invariably assume a C-ahaped attitude in the 
peripheral blood. This trypanosome was first discovered in the bug (Pan- 
strongylus) by Chagas, and subsequently the infection was found in man. 

Certain individual trypanosomes leave the blood -stream and enter the 
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MiuscJes, ospet'iaUy thosr of the heart, or it may be the celle of the brain or 
other organs, and there undergo a seritis of rapid binary fissions during which 
they assume a. leishmania form. Multiplication of these leishmania Ibrnis 
is so rapid that soon a quarter of the tissue is invaded. Four or five days 
later the leishmania forms be(;ome elongated and assume a crithidial form, 



Fig. 200. —Evolutionary cycle of Tri/pauosoma cntzi : 2-9 in man or other 

vertebrate ; 9-14 \n PatistronnyhiSy Triatoma or Cimex. x l,r>tX). {After Bnimpf.) 

], Meiacyclic trypanosome iufectmR vertebnvte ; ‘J, 3, 4, schizogony in organs ; 5-9, transformation 
of adult trypanosome (9); lU, crithidial form about to divide in small intestine ; lO*, leish- 
mania forms frequent in the proventriculus ; 11-11, progressive transformation of crithidia 
forms into metacyclic trypanosomes (1) in hindgut. 

and are transformed once more into trypanosomes, which make their way 
through the tissues and regain the blood -stream. 

Trypanosomes are taken up from the blood of man by a rt?duviid bug, 
Panstrotigylu^ (Triatoma megisiu^)^ and undergo an elaborate development ; 
this can occur either in the larval, nymphal, or adult stage of the insect. 
They pass from the stomach into the small gut and become transformed 
into crithidial forms and in this state continue to multiply rapidly. Eight 
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to ten days later the metacyclic or infective trypanosomes make theii appear- 
ance, and pass out in the faBces of the insect. Inoculation of the parasite 
into man would seem to take place through the ingestion of faeces or the 
rubbing of faecal matter into the wound made by the bug, though sonn^ 
investigators claim to have transmitted the disease through the bites of 
Panstrongylus and Triatoma. (Fig. 200.) 

Under experimental conditions the parasite can be inoculated into rats, 
mice, rabbits, guinea-pigs, and monkeys, and can pass through the mucous 
membrane of the mouth or conjunctiva, which must have undergone some 
slight injury or abrasion. 

Reservoir -hosts, — Armadillos — Dasypus iwvevicinct us, Euphract us sex- 
cinctus, and Cabassous unicinctus — appear to be natural carriers of infection. 
The cat has been found naturally infected, and Robertson has discovered this 
trypanosome in the blood of the opossum (DideJphis paraguayensis) in 
Honduras, 2,000 miles distant from the hitherto-recognized endemic zone of 
this disease in man. Numerous bugs can act as definiO' hosts. Triatowa 
ifife^stans T. sordida, T. vitticeps, T. dimidiata var. maculipeunis art* Ibund 
naturally infected in Brazil ; Rhodnius j^rolixus and Erali/rus ruspidatus in 
Venezuela. The bug, Triatonui protracta, a species common in ('alifornia, and 
extending as far north as latitude 41' (Salt Lakt* City), harbours a llagellate 
like T, cruzi, but the human disease is unknown in this area. Under exjx*ri- 
mental conditions other species of Triatoma of the United Statt's can Ix^ t'asily 
infected, as well as the cosmopolitan T, ruhrofasciata ; in fact, it is j^robable 
that all species of Panstrongylus and Triatoma and allied gtuu'ra are sus- 
ceptible. Under laboratory conditions, Brumpt has obtained develo[)ment of, 
and persistence of the parasite in, Cimex hemiplera {rotundatus), C. Irctularius, 
C. boueti, and C, hirudinis, also the African ticks, Ornithodorus rnoubata and 
O. savignyi. 

The multiplicity of the vicarious hosts of T. cruzi would certainly indicate 
that the disease it gives rise to could spread in many countries if all conditions 
were favourable ; the reduviids are so easily infected that it is }x)ssible to 
infect 100 J3er cent, of them at all stages of their existence ; moreover, once 
infected they remain so for life, they themselves not suffering from the effects 
of thus being parasitized. Probably the trypanosome is naturally a parasite of 
armadillos, etc., and only occasionally becomes inoculated to man. 

Trypanosoma lewisi (Kent, 1879), is a parasite of the rat all over the 
world, and is very numerous, as a rule, in the blood-stream (Fig. 199, 7 7) 
at the height of an infection. That it may occasionally infect man was 
demonstrated by Johnson (P. D.) 1933, in a Sikh child of five months old, 
in Malaya. The trypanosomes were visible in large numbers in the blood 
for five days, after which they disappeared. The infection was associated 
with pyrexia and a large increase of the small lymj)hocyte cells. It is, 
however, generally considered to be non-pa thogenic. Individual trypano- 
somes vary very considerably in size and appeararuie during the multij)licative 
phase, which passes on in about a week to a chroni(i phase, in which the 
trypanosomes measure, on an average, 24 pu. The nucleus is situated slightly 
anterior to the middle point of the body. The parasite undergoes development 
in Ceratophyllus fasciatus, Xenopsylla cheopis, and other fleas, as well as in the 
rat-louse, Polyplax spinulosa. The rat-flea is the chief carrier. The try- 
panosomes make their way into the epithelial cells of the stomach, in which 
they become spherical and grow in size. The nucleus divides repeatedly, 
and with portions of adherent protoplasm forms young trypanosomes. These 
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escape from the cell and pass into the hindgut after two days, where they 
become crithidial forms. Eventually they escape as small metacyclic try- 
panosomes in the excreta. These are ingested by the rat, which licks up 
the flea faeces or devours the entire flea. Trypanosomes appear in the blood 
after an incubation period of six days. 

2. Lei shman- Donovan Bodies 

'I'he })arasite8 belonging to this genus occur in man in kala-azar, oriental 
sore, and the muco-cutaneous disease of South America. The parasite of 
kala-azar is known as Leishmania donoratii : that of the similar disease in 
Ih-azil has been tentatively named L. chagasiy and that of oriental sore L, 
tropica. It is supposed by some that the parasite of Mediterranean kala- 
azar which is associated with the disease in dogs is a distinct species — L. 
infantum. The canine form is known as L. caninuniy while that of the South 
American disease has been named L. hraziliensisy or L. americ/ina. There 
are no morphological dififerences betw(‘en the ])arasites from all these diseases, 
and they cannot b(‘ diff'erentiatcal from one another except by some serological 
reactions. Cutaneous leishmanial inj(;ctions have been found also in the 
dog, brown bear and horse'. Probably tissue changes produced after inocula- 
tion into hamsters may indicate spticifle differences. Hindle has shown that 
in t liese animals L. in fantum produces jMjriarthritic swellings of the extremities 
and tail, thus differing from L. donovani. The I^'ishman body is a small, 
round, oval, or, sometimes, cigar-shaped body varying in diameter from 
1 to 3 or 4 /X. It consists of a minute mass of cytoplasm enclosed by a delic'ate 
membrane. Within the cytoplasm is a nucleus and a kinetoplast consisting 
of j)arabasal body and blepharoplast ; further there arises a rhizoplast, a 
rod -shaped bod\% which represents the axoneme of the flagellum of the 
flagellat(‘ and which develops in cultures and also in the body of certain 
sandflies. 

The parasiU's in the body occur, sometimes in large numbers, in the large 
endothelial cells, macrophages or clasmatocytes. These cells in kala-azar 
aix? found with the contained parasites in all parts of the body, particularly 
the spleen, bone-marrow and liver and, in oriental sore and the South American 
disease, in the skin and mucosao. The parasite, the I^'ishman-Donovan 
body, is actually the round('d stage of a flagellate having tlie structiiie of a 
leptomonas, a fact which is shown by its development into flagellates of this 
type in artificial culture media. 

Life-history. — The life-history of members of the genus Leishmanki is 
essentially that of insect flagellates of the genus Leptomojuis. A typical 
form, Leptomonas ctenocephaJi of the dog-flea, multiplies in the hindgut as 
an elongated flagellate and finally produces in the rectum small, round leish- 
mania bodies which, escaping in the faeces, are eaten by the flea larvae. In 
members of the genus Leishmania the same leishmania forms occur, but in 
the tissues of man they multiply by binary fission. It was shown first by 
Rogers that these forms developed in culture media into leptomonad flag- 
ellates like the corresponding stages of the flagellate of the dog-flea. Since 
the successful reproduction of oriental sore in man by the inoculation of 
e.rushed-up sandfles [Phlehotomus) by Sergent and his cor workers, attention 
has been directed towards these insects. It has been found that in the stomach 
of insects of this genus, both Leishmania tropica and L. donovani y taken up 
from man, develop rapidly into the typical elongate leptomonad forms, and 
that thf'se tend to spread forwards to the biting parts of the fly (buccal cavity, 
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proboscis). It has been shown by Adler and Theodor that Avlion such infected 
Hies feed into a sterile fluid through a rabbit-skin membrane, flagellates are 
infected into the fluid. Both in the sandfly and in N.N.N. culture medium 
(p. 1039), the rounded leishmania form first increases in size and then develops 
a flagellum. By further growth and active multiplication there is produced 
the elongate leptomonas fornj with its long flagellum. In the fly many of 
the flagellates become attached to the wall of the anterior part of the stomach. 
On account of the resemblance of the various forms to those of the flagellate 
of the dog-flea or other insects, authorities consider that the parasite' of 
kala-azar and oriental sore should be included in the same genus {Leptomova.s 
or Herpeioynonas.) 

The fully-developed elongate flagellates are 14-20 p in length by 2 p in 
breadth. The flagellum is 16 to 24 p in length. The flagellates move actively 
with the flagellum in front, and in culture's tend to agglomerate in clusters 



rig. 201. — Developmental forms of Leishmania donovani from the leishman body 
to the crithidial stage, and clumping of the flagellated organisms. ;< 2,000. 
{After Wenyon.) 

(rosettes), the flagella being directed centrally. The culture medium origin- 
ally used by Rogers was made by adding material from spleen -puncture to 
slightly acidified citrate-of-soda solution. It is now known that the para- 
sites will grow better in the liquid of condensation of blood -agar medium 
(N.N.N. medium). A small quantity of infected material from a human 
case of kala-azar or oriental sore is added to the water of condensation. The 
tubes are incubated at 22-25° C. In two or three days flagellates of various 
shapes appear in the liquid. These multiply for two to three weeks, after 
which it is necessary to subculture into fresh tubes, if the culture is to be 
maintained. Cultures may be obtained from any tissues containing j)arasites, 
even the peripheral blovxl, but it is essentiol that bacterial contamination 
should be excluded. (Fig. 201.) 

Nomenclature of hcemoflagellaies . — There are four types of flagellate — 
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leish mania, I<jpUjmoiias, crithidia and trypanosome — names derived from 
^feneric titles. Certain flagellates have only leishmania and Icptomonas 
stages. If confined to insects alone, they bfjlong to the genus Leptomoims ; 
if occurring in both insects and vertebrates to the genus Ltwhmanm, Other 
flagellates have leishmania and crithidia stages. All these are confined to 
insects and are included in the genus Crithidia. Others again have leish- 
mania, crithidia and tr>q)anosome stages. If in insects alone, they are 
binned Herpetomoiias, but if in both insects and vertebrates they belong to 
the genus Trupnnosoma. 

3. Malaria Parasites {Plasjrvodiidce) 

There are four sfxicies of Plasmodium which are found in man, viz. P. 
vivaxy P. ovule (p. 63), P. nialarice (p. 62), and P. falciparum (p. 63). 

Closely allied sj>ecies have been found in the higher apes and in certain 
monkeys, e.g. Plasmodium pithed in the orang-outang {Simia satyriis), P. 
k'ochi in Cercopithecus, P. Icnowlesiy and P. inui in Macaca, P, cynomolgi in 
Inuus cynomolguSy and P. hrazilianum in Brachyurus valvus in Brazil. A form, 
P. reicheuoid, wliich ])r()duces crescents has been found in the chimpanzee and 
the gorilla. The relationship of these parasites to certain aberrant forms 
described in man is a debatable point. Monkey malarial parasites have 
been shown to develop in anopheles mosquitoes by Clark in I’anama, Green 
in Malaya, and fSinton and Mulligan in India. 

Plasmmlium ktioivlesi from Macaca irus from Malaya rather resembles 
P. vivax in man, and produces Schuffner’s dots. It can be inoculated into 
man, in whom, after an incubation }>eriod of nine to nineteen days, it produces 
a mild type of fever with a tendency to spontaneous cure. 

ISimilar parasites are found in birds, bats, and squirrels and cold-blooded 
animals such as lizards. In small birds, sparrows and finches, an analogous 
and pathogenic parasite i.s known as Plasmodium (Proteosoma) prcecox, and 
in owls and crows as P. dauilewskyi. Other species have been described 
from birds. In contradistinction to the human and monkey parasites, 
transmitteul by anopheline mosquitoes, the bird parasites are transmitted 
by culicine mosejuitoes, such as Culex fatignns and Aedes cegypti. In the 
red blood-cell of the bird, certain H|H*cies displace the cell nucleus, in this 
inanner (lifl’ering fr()iH Bnimpt has shed a new light upon the 

development of the [)lasmodidte by the diseovery of Plasmodium gnllinaceumy 
a malaria ])ara8ite of fowls \\ Inch develops in Aedes ivgypti. In this bird, as 
shown by Kikuth and .lames, pigmentless schizonts form in the endothelium 
of the brain, kidn(‘y, lung, liver, heart, and bone-marrow. Kikuth has 
also described piginentless endothelial schizonts of P. cathemerium in 
ex})erimentally -infected canaries. 

A form of pigment-producing parasite is found in the blood of certain 
reptiles and is known as Hoeinocystidium. The parasites, which are related 
to Halteridiurn of birds, are of a large size. 

The following is a detailed description of the human malaria parasites : — 
The benign tertian parasite, Plasmodium vivax (Plato III, facing p. 64). 
— In its early stages this parasite assumes a distinct ring-form with largo and 
conspicuous vacuole, and large nucleus, which is situated usually at the 
thinnest part of the ring ; sometimes, though rarely, the nucleus is duplicated 
so as to form tw o dots in a signet ring. (These do not represent two distinct 
nuclei, but merely the original one broken into two fragments.) The diameter 
of the average ring is about 3 /x, though larger forms may reach to half the 
size of the containing corpuscle. As it grows, the trophozoite shows great 
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activity, changing its form and location in the corpuscle, insistently pushing 
out and retracting pseiidopodia (Plate 111). This amoeboid movement 
persists during the growth and while the hsemozoin is being deposited, though 
in progressively diminishing degree ; and explains the great irregularities 
seen in the contour of the parasite in stained specimens (Fig. 4, j). (iO). The 
movement is entirely suspended by the time the parasite has nuiched its full 
development. The vacuole in which the nucleus is situated, and which is 
crowded with nutritive chromatin, becomes much smaller as the parasite 
develops. The parasite grow s vigorously for about 40 hours, w hen it attains 
its full size ; as it grows it obtains its nutriment at tlie exjxjnse of the red 
cell, and therefore marked changes take place in the protojilasm ot the latt(T. 
When tertian-infected corpuscles are stained uitli Komaiiow sky's stain, the 
protoplasm is speckled with chromophilic particles — Srhuffner\s dots — w hich 
are at first very fine, but soon become coarser and more promiiK'nt. Th(‘v 
are characteristic of P. vivax and also P. ovale. This is a feature of some 
diagnostic value, but in the very young phase of the parasit(^ it is not always 
present. The dots are usually pinkish in colour and are much more prominent 
and consistent in artificially inoculated malaria (see ]>. 63). Another highly 
characteristic accompaniment of tertian infection is the considerable enlarge- 
ment of the infected corpuscles. Sometimes they seem to be nearly twice 
the diameter of healthy ones ; and usually the rim of corpuscular protoplasm 
surrounding the parasite has a “ w'ashed-out ” ap}H‘arance. 

Schizogony. — The fully-formed schizont is more or less roimd in shape, 
being larger than a normal corpuscle and about 9-10 /x in diameter. The 
nucleus is fairly large, often lying near the periphery of the parasite, with 
the chromatin somewhat diffusely arranged. One or two small vacuoles 
may still be present. The first stage of schizogony consists of nuclear multi- 
plication, the result of binary fission. The number of merozoites thus formed 
varies from 14 to 24. This process of multiplication takes 6-8 hours, wdicn 
the merozoites are liberated from the corpuscle ; the cycle tht^refore lasts 
for about 48 hours. Complete schizogony coincides with the occurrence 
of a rigor in the patient (Fig. 3, p. 59). 

Oametogony. — ^After schizogony has continued for a certain period, some 
young trophozoites become sexual forms or gametocytes. It is stated that 
the latter can be recognized in the earlier stages as small solid forms. Growth 
is much slower, a gametocyte taking nearly twice as long as a schizont to 
become adult, and, moreover, no vacuole is dcveloj>ed in the cytoplasm. The 
growing parasite is less active, and hence it does not exhibit the manifold 
changes of form seen in the growing schizont. The quantity of pigment 
produced is also much greater, the granules of the macrogametocyte being 
more numerous and larger than in the adult schizont. The ma(*rogametocyte 
(or female form) is much larger than the mature schizont, being 12-14 g in 
diameter, while the microgametocytes (or male forms) are much smaller 
(Fig. 4, p. 60). There are other distinguishing features in the microgameto- 
cyte : the nucleus is large and diffuse, spreading across the body in the shape 
of a spindle ; the cytoplasm is hyaline, and stains a lighter colour ; while 
the nucleus of the macrogametocyte is small, compact, and stains morc5 
deeply, and the cytoplasm is granular, non- vacuolated, and stains an intense? 
blue. As a rule, macrogametocytes are more numerous in the blood than 
microgametocytes. 

Plasmodium vivax is Capable of maintainiiig itself (after a single infection) 
in the human body for a period of about three years, after which it dies out. 
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Ovale tertian parasite^ Plasmodium ovale (Plate III, facing p. 64) 
Stephens, 1922. — In 1922 Stephens described a new malaria parasite from 
Kast Africa, and named it Pkisviodium ovale. It appears that it had previously 
been noted and described in 1914 by Ahmed Emin at Camaran in the Red Sea. 
In 1927 Stephens confirmed and extended his observations on a further case 
from Nigeria. In 1930 Yorke and Owen showed that the morphological 
features were preserved when the parasite was passed by direct blood inocula- 
tion from one person to another. James and Shute further succeeded in 
transmitting the infection through Anopheles macMlipennis, so little doubt 
remains that tliis is a distinct and constant species. They have shown that 
its morphological features remain distinctive after repeated passages through 
insect and human hosts. 

In 1933 further cases were reported from West Africa and by the Editor 
from Uganda. Recently it has been recognized that it has a wide distribution 
throughout Ontral Africa. 

Plasmodium ovale has several features in common with the P. vivax and 
P. malaricB. It prcxluces a tertian jjeriodicity and it does not produce a 
marked enlargement of the host-cell. On the other hand, it has morphological 
features which closely resemble those of P. malariwy but the red cells in 
which the parasite lies resemble those of benign tertian in producing 
Sohilffner’s dots. The small rings have no special features, but they lie in 
red blood- corpuscles which are usually oval (hence the specific name of the 
parasite) with irregular fimbriated margins. The half-grown forms are 
non-amoeboid ; the pigment is brownish -black and granular, but the amount 
of chromatin and the distribution of the pigment in a lateral band are appear- 
ances which recall the quartan parasite. The infected corpuscle is so often 
oval in shape that this has sjiecial significance. The maximum number of 
merozoites is twelve, usually eight, lying in a decolorized., degenerated corpuscle 
with many Schuffner’s dots. Occasionally a double infection of the cell is 
noted. The clinical course in man is usually mild, and the parasite tends to 
die out of its own accord after several paroxysms. 

It has been pointed out by Miihlens and others that the fever produced 
by the parasite differs from benign tertian in producing parox 3 'sm 8 of fever 
which come on in the evening or at night. The character and arrange- 
ment of the pigment in the oocyst in the stomach-wall of the mosquito seventy- 
two hours after feeding is distinctive, and the sporozoites in the sahvary 
glands of infected anopheles are smaller than those of other malaria parasites. 

Quartan parasite, Plasmodium inalarice (Plate III). — This parasite has 
a cycle in the peripheral blood of 72 hours. The young trophozoites usually 
have the signet-ring appearance, and are indistinguishable from the same 
stage of the tertian. At this stage it is capable of feeble amoeboid move- 
ment ; hence the irregular forms so fioquently met with in the tertian are 
not found in the quartan. Later, as soon as it becomes pigmented, all the 
amoeboid movement ceases (Fig. 202), and it grows across the corpuscle, 
producing a characteristic ribbon or band-shaped appearance. Even the 
nucleus itself becomes elongated at this stage. 

The changes produced in the corpuscle differ from those seen in benign 
tertian. The rt»d cell does not enlarge, but tends to contract and becomes 
slightly smaller than the average. Schuffner’s dots are not seen, but the 
quartan dipiiling consists of dots and points smaller and less distinct than 
the former, which stain by Romanowsky stains within five minutes, while the 
stippling is not demonstrable till after twenty minutes. According to James, 
66 
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“ Ziemautis stippling ” should bo the correct description. The hfeiiiozoin in 
darker brown and coaisor in appearance, and the oscillation of the pigment 
granules is less marked than in benign U^rtian. 

Schizogony , — The adult schizont is distinctly smaller than the corns 
sponding phase of the benign tertian, rarely exceeding ()'5 /x in diameter. 
The parasite does not occupy the whole of the red cell. Nuclear division 
begins after the schizont has been growing for 4H hours, and takes place 
comparatively slowly. The number of merozoites is small, varying from 
6 to 12 ; their arrangement is symmetrical, giving rise to a daisy-head appear- 
ance. The individual merozoites arc larger than in the benign tertian and 
average 1 *75 ^ in diameter. The segmenting schizont of the quartan parasite 
is more frequently seen hi the |3eripheral bloixl than is the corresponding 
phase of the other forms. For this reason, and because of the easy visibility 
of the parasite in all its stages owing to the large amount of haemozoin it 
carries, the quartan is the best form of malaria for the beginner to study. 

Gametogony . — The growing gametocytes do not assume the band form of 
the growing schizont. The young macrogametocyte is heavily pigmented, 
and contains a smaller amount of chromatin than a schizont of the .same 



Fig. 202. — Quartan parasite, asexual cycle : stained. 


size, but the microgametocyte has more (diromatin and a lighter-stainhig 
cytoplasm. Adult quartan gametocytes usually occur but scantily in the 
protoplasm, the microgametocytes being particularly rare. The mature 
macrogametocyte completely fills the red blood-corpuscle, scarcely a rim of 
cell -protoplasm being visible, so that it looks at this stage as if it were a free 
and independent body floating about in the liquor sanguinis. The micro- 
gametocyte contains a very large amount of chromatin, and is slightly smaller 
than the female form. The quartan parasite is capable of maintaining itself 
in the human body for a longer period than the benign tertian and may 
persist for six or seven years or even (Miihlens) nineteen years {see p. 62). 

The subtertian or malignant parasite, Plasmodium falciparum 
Blanchard (Plate III, a, facing p. 64). Synonym : Laverania malarice , — A 
notable feature in the differentiation of this parasite is its much smaller size, 
the rings averaging 1 *25 to 1 *5 g in diameter. The earlier phases, owing to 
their minuteness, and partly owing to the thinness of the cytoplasm, are 
difficult to see. (Fig. 203, a.) The rings are usually sharp and regular in out- 
line, the chromatic nucleus being often divided into two — a very characteristic 
feature in stained preparations, which may distinguish it from the younger 
forms of the benign tertian parasite. Multiple invasion of individual 
corpuscles is often encountered much more frequently than in the benign 
infections, doubtless due to the prodigious number of parasites which may be 
present. Another characteristic of the young subtertian parasite is the 
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position in which many of them attack the host-cell, applyin^^ themselves to 
the margin or edge of the corpuscle. These are known as “ accol4 ” or 
“ applique ” forms. Frequently they appear as short streaks of cytoplasm 
with red nuclear dots, giving them a bacilliform appearance, the vacuole not 
Ixiing visible (Plate III). Schtiffner and Essoveld describe clumping of the 
red blood -corpuscles in blood-films reminiscent of the flocculation observed in 
blood-grouping. The parasitized cells are surrounded by non-parasitized 
erythrocytes. 

At this stage, unless the observer has had a great deal of experience, the 
parasite is apt to be missed, for it may be the only form ap{)earing in the 
f>eripheral circulation. As the development advances, the invaded corpuscles 
are filtered out by the cajullaries and small arteries of the deeper viscera and 
of the bone-marrc)w ; they are especially numerous in such organs as the spleen 
and the liver. In heav>’ infections a few more mature forms than the ring 
can be found, and very occasionally a fully-segmenting schizont. Rarely 
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203.-^ H volution of the subtertian parasite : asexual cycle. 


casi\s are m(*t with in which all stages of schizogony may be observed in the 
])c‘ripheral circulation. As a rule, it is nec'essary to aspirate splenic blood, 
or to 8(*arch the bone-marrow or viscera — liver, spleen, or kidney — immedi- 
ately after death, in order to find examples of the more advanced stages of 
the ])arasite (Fig. 203, r, d, e, /). It is difficult to fix the duration of the 
life-span of these parasites, but it is probably one of 36 to 48 hours. 

In the case of P. falciparum the size of the host-cell remains practically 
unaltered. Schiiffner’s dots do not occur, but occasionally other brick-red 
or pink dots, which are larger and more irregular in shape than Schiiffner’s, 
become apparent ; they are usually known as Maurer’s clefts. When seen 
in the fresh state the infected corpuscles have a slightly darker look, which 
is said to resemble old brass, and hence they have been referred to as “ brassy 
bodies.” The haemozoin in the growing schizonts occurs in well-developed 
blocks, and usually appears as one dark and conspicuous mass. 

Schizogony generally occurs in the capiUaries of the internal organs. 
The adult schizont commonly measures 4*5-5 /u in diameter, and a large 
part of the host-cell is unoccupied. Nuclear division takes place rapidly, and 
the number of merozoites produced, even in the same infection, varies very 
greatly. They usually number from 8 to 24 (Fig. 203, g). The merozoites 
themselves are smaller than those of the benign tertian parasite, and average 
from 0*7 to 1 /x in size. Schizogony does not proceed at the same uniform 
rate as in the case of the other types. Apparently^ it may take anything 
IVoni 36 to 48 hours to accomplish. 

Oamefogony . — The gametocytes of this parasite assume the well-known 
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crescent shape which has already been referred to (Fig. 5, p. 61), but it should 
be said that the term crescent is not absolutely correct, for the ends are 
not, as a rule, pointed ; their shape, in fact, is much more like that of a 
sausage, with rounded ends. They are fairly large bodies, ranging from 
9 to 14 /X in length by 2-3 /x in breadth. It is believed by some that a definite 
capsule is secreted around the crescent bodies (J. I). Thomson), and that 
they are produced mostly in the capillaries of the spleen and bone-marrow. 
The crescents are not seen at the onset of the infection, but onc^e they begin 
to appear in the peripheral blood they generally kmd to increase in numbers 
during the next few days. Being much less amenable to the action of quinine 
than are other stages or types of the malaria parasite, they may persist in 
the blood for as long as six weeks after the subsidence of the fever. According 
to Sinton, the life-span of the crescent is 30-60 days. However, it has been 
noted that quinine, if given sufficiently early in the course of a subtertian 
attack, may prevent the crescents from apj)earing in the perif)heral blood. 
Crescents are readily killed off by plasmoquine and its eom[)ound with quinine 
{6'ee p. 116), but are not affected by atebrin. 

The two sexes can be distinguished. The male (inicrogametocyte) is 
broader than the female, while its nucleus is diffuse and nui}^ occupy the greater 
part of the body, but the contained haemozoin is scattered throughout th(' 
cytoplasm. The female ( macrogame tocytt^), the more slender of the two, 
has a small centrally -placed nucleus, while the haernozoin tends to be con- 
centrated round about it. When the crescent is mature the substance of the 
contained red blood- corpuscle is entirely used up, so that only the corpuscula r 
envelope persists, and in this the parasite lies. Sometimes the outline of the 
cell may be observed staining faintly on the margins of the crescent ; ver}' 
rarely, twin or double crescents are seen in one corpuscle. 

It is a singular fact that in many of the worst types of subtertian malaria — 
as that of tropical Africa — crescents are few in number, and in some instances 
cannot be found by ordinary examination. Plehn states that during a ])eriod 
of two years in Africa he only once saw the flagellated body produced from the 
crescents. On the other hand, when we meet with these African infections in 
England crescents are often seen, and in great abundance ; at all events, this 
is a general experience. In primary infections under suitable conditions, 
crescents appear in the peripheral blood about the third week. 

The young gametocytes can be distinguished from schizonts of the same 
age by their elongated shape, and by the fact that the pigment is scattered, 
and not aggregate into one mass. The nucleus is small and situated towards 
one end of the parasite, and usually extends as a cross lino along one edge 
of the body in very much the same way as in the quartan. Subsequently 
the nucleus passes towards the centre of the body. 

The subtertian parasite has a much shorter life in the human body than 
the two species previously considered ; at the most a single infection survives 
from one month to one year. 

According to James, strains of P, falciparum exist differing from each other 
greatly in virulence. 

Ahnorrml appearances of the malaria parasites , — Quite frequently, mixed 
infections of two, and very rarely three, forms of parasite can be found in 
the same individual ; the usual combination, however, is the benign tertian 
with the sub tertian infection. The immature forms of both parasites may 
be found in the same microscopic field, but most usually one sees the various 
developmental stages of benign tertian parasite combined with the crescents of 
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the subtertian ; very rarely the two different species of parasites have been 
observed in the same cell. Combined infections of benign and quartan may 
also be encountered. Certain puzzling appearances have been noted by 
observers tiince the time of Schaudinn, wMch were thought by him to represent 
a further stage than those already described as denoting a process of partheno- 
genesis, but these were shown by J. D. Thomson to represent two schizonts 
(both possibly segmenting) infecting the same red blood -corpuscle. Combined 
infection of schizont plus male or female gametocyte, or even two gametocytes, 
within the same red cell, has also been observed. Double, triple, and even 
quadrn})le infections of the same red blood -corpuscles by subtertian rings are 
quite' commonly observed in heavy infections. 

Cultivation of the malaria parasites , — The cultivation in vitro of the malaria 
])arasitc's was first effected by Bass, in 1911, and subsequently confirmed by 
the brothers Thomson. 

Asexual multiplication of the parasites has been observed in three types 
of malaria, and in the case of the subtertian parasite as many as four successive 
generations have b(*en cultivated in this manner. 8inton, too, has grown 
crescents of the subUTtian parasite in artificial culture of blood after 10 days’ 
incubation. Several inter(‘sting points have been observed in the morphology 
of the cultivali'd ])arasites. The number of merozoites formed during 
scliizogony is considerably greater than in the parasite under natural condi- 
tions, while the growing ])arasites of the subtertian form show a remarkable 
tcmdency to cluni]) bjgether, a phenomenon not observed in the benign 
tertian typt‘. 

When malaria blood is cooled outside the body, the flagella ted body, which 
is derived from sexual cells or gametocytes, is observed to develop, a process 
never occurring in tiowing blood. This body is (‘omposed of colourless 
protoplasm with (Hintained granules of ha'inozoin pigment, and is carried 
around sus])endcd in the plasma. The llagella (zoologically known as 
mierogametes) usually number six or more. Their filaments are very delicate, 
moving rapidly, so that every now and again they break ^way and swim with 
rapid vibratile movements (Fig. 5, p. 61). 

The gametocytes of the four 8|iecies of human malaria parasites differ in 
shape, being oval or round in benign tertian, quarbin and ovale, but crescentic 
in subtertian ; in the last-mentioned, also, the outline of the host blood-cell 
can often be distinguished. The “ crescent ” shows no amoeboid movement, 
and contains needle-shaped haunozoin particles in the centre ; in the male 
type the f)rotopla8m is hyaline and the hjemozoin loosely arranged ; in the 
female it is faintly granular with the haemozoin arranged in a well-defined 
ring. In benign tertian, quartan, and ovale the corresponding sexual cells, 
or gametocytes, develop from young ring forms circulating in the peripheral 
blood, w hile in the subtertian they are derived from the corresponding stages 
of the parasites contained in the red blood-corpuscles agglommerated in the 
capillary vessels of the internal organs. 

It has been shown that injection of gametocytes into a non-iramune 
individual does not produce malaria infection. 

The microgametes are formed of tw'o elements — a chromatic filament and 
a covering of protoplasm, and after they have broken aw^ay, the remains of 
the flagellated body consists mainly of ha?mozoin granules and some residual 
protoplasm which is usually ingested by some w^andering phagocytes. 

Conditions favouring and retarding eruption of microgainetes . — By exposing 
the freshly-drawui malaria blood droplet to the air with a slight aqueous 
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admixture, as by breathing on it before applying the eover-glass, it is generally 
easy to procure 8j>ecirnens of the flagellated body. In certain bloods 
oxflagellation rapidly takes place ; in (.>thers, the opposite is the case. 

The granular spheres, or female garnetoeytes, do not emit flagella but, 
becoming spherical, i*emain quiescent. The objec't of the micrc^gametes is 



Fig. 204. — Evolution of the malaria parasite in anopheles maculipennis. 

{Adapted front Wettyoti.) 

I . (a) Kxflagellation of the male gametocyte ; (6) fr(!C flagellum (male gamete) ; (c) fertili- 
zation of the female gamete in P. vivujc. {Original prejtaralimi). 2. 0:>kinote in P. 
falciparum, (The remainder of the cycle ref era to this parasite.) 3. Zygote iu stomach 
wall of A. maculipennis showing contained i>igment. 4, 5, G, Oiicysts in stomach wall, 
showing reticulated cytoplasm with rapidly dividing nuclei. 7. Mature oiicyst witli 
mature 8i)orozoites still attached to masses of cytoplasm into which the rcticidum is 
breaking up. 8. Sporozoites from salivary^ gland. 

when they have broken away, to approach and to endeavour to enter the 
granular spheres (female gametes). At one point on the surface of each of 
the granular spheres a minute papilla projects, and at this point one of the 
microgametes enters and, after momentarily causing perturbation in the con- 
tents of the sphere, corjes to rest and vanhJics from view (Fig. 204, 1, c). 
Although the sphere may again be energetically attacked, no second micro- 
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gamete can effect an entrance. This process, first observed in 1897 by 
MacCallum, constitutes the act of impregnation. Subsequently for a short 
time the granular sphere undergoes no apparent change. The impregnated 
female parasite is now known as the zygote. It soon becomes oval and 
elongated, then finally assumes a vermicular form, with the haimozoin accumu- 
lating at the broad or posterior end, while the anterior end becomes pointed 
and hyaline. Then capable of independent movement, it is knowm as the 
travellitig vermicule^ or, technically, the ookinete. 

Summary of the life-cycle of the Plasmodiida*. — It is now convenient 
to summarize the life-cycle of the malaria parasites {Phif<im>di(l(E) within the 
body of man, as well as their exogenous cycle outside the b(xiy within the 
mosquito. This description applies equally to all the four human species, 
as well as to the analogous species of Plasrnodklrc found in birds. The life- 
cycle is commenced by inoculation of the sporozoites with the saliva of the 
moscjuito in the act of biting. Thu.s introduced, the sporozoite pierces and 



rig. 205. -Stomach of Anopheles maculipennis Infected with the 
oocysts of Plasmodium vivax. (Orig.) 


enters a red blood-corpuscle and soon becomes converted into a young 
parasite. (Jrowlh takes place at the ex^iense of the cell. After a period of 
two or three days, the single nucleus, by repeated division, has multiplied to 
form a variable number of daughter-nuclei. The parasite then produces a 
corresponding numlxw of nierozoites and a mass of residual protoplasm w hich 
contains the characteristic pigment. By rupture of the cell, the merozoites 
escajH? into the plasma wdiere, by attaching themselves to other red blood - 
corjmscles, they i*epeat the cycle. After several generations of merozoites 
have been ])rodu(‘ed, certain of them develop into ganietocyte^f or sexual cells, 
which, w hen mature, are of the same size as fully-grown schizants, but contain 
more pigment granules and possess only a single nucleus. They are of two 
typcis, male and female, of which the latter has a dense and deeply-staining 
cytoplasm. They art^ capable of further development only if teken up by the 
specifii; kind of mosquito. In the male the nucleus divides, and the daughter- 
nuclei proceed to the periphery of the cell and become nuclei of a number 
of fine filaments endowed with motile powders, which break free from the 
cell as rnicrogametes. In the meantime the female gametocyte becomes 
a macrogamete, and ready for fertilization by the microgamete. The 
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impregnated female gamete or zygote, is capable of independent movement, 
and (now termed an ookinete) bores its w^ay through the lining ej)ithelium of 
the mosquito’s stomach, there ^ncysts between the epithelium and the limiting 
membrane, and becomes an oocyst (Fig. 205). The original nucleus now 
divides, and the protoplasm segments round the daughter-nuclei, forming a 
spongioplasm. Eventually the nuclei arrange themselves on the surface of 



Fig. 206. — Schema showing the human and mosquito cycles of 
the malaria parasite. 

A, Normal red cell ; B, 0, B, E, red cells containing .young parasites ; P, G, H, schizogoiw; 
I, young gametocyte ; J , K , L', M', microgamctocytra or male gametes ; J'^, K', I/, M', O*, 
macrogametocytes or female gametes ; N', N', microgametes ; P, travelling vermicule 
(ookinete) ; Q, young zygote ; K, 8, oocysts ; T, oocyst with plasmodial maas^ ; XT, mature 

0 ()cyst. 


the cytoplasm ; from this mass si)orozoite8 are formed, each nucleus acquiring 
an appropriate quantity of cytoplasm. The oocyst then bursts, setting free 
the sporozoites, some of which contrive to pass into the salivary glands of 
this insect, whence, with the salivary secretion, they once more enter the 
blood on which the infected mosquito is feeding. The whole body-cavity 
is filled with sporozoite-^, as was first demonstrated by Mublens in 1921. 
He showed that after rupture of the cysts, sporozoites occurred in all parts 
of the body- cavity of anopheles, even legs and antennae, and that only some 
of the sporozoites reached the salivary glands (Fig. 206). 
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Dissection of anopheles . — The investigator, on dissecting anopheles, should 
have no difficulty in recognizing malarial oocysts, even under a low power of 
the microscope. They are spherical and very refractile, appearing to jut out 
beyond the stoniac^h-cells. With a higher power in. lens) the characteristic 
pigment can he seen in their interior ; in P. vivax it is light-yellow, and in 
P. falciparum, dark-brown in colour. There are various misleading appear- 
ances which one must learn to recognize, such as certain large body-cells — 
known as pancreatic cells — gregarine cysts, and even encysted larval 
trematodes, which occur in the stomach of these insects. The sporozoites 



Fig. 207. — Salivary gland of Anopheles macvlipennis containing 
sporozoites of Plasm^ium falciparum compiled from serial sections. 

(After Wenyon.) 

cjan be recognized as refractile bodies in the cells of the salivary glands 
(Figs. 207, 208). 

Boss's black spores. — In some infected mosquitoes oocysts may be en- 
countered which differ in their appearance from normal ones at a similar 
stage of development. The cy^st-wall in their case is filled with dark-brown 
or black masses, representing undoubtedly the degenerated cell-content, 
which has become chitinized. Some observers consider that these spores 
represent an invasion by a fungus which preys on the ooc^^sts. 

Tnfectivity of anopheles. — Exact observations by Christophers have shown 
that, in the most favourable circumstances, at the maximum only about 
4 per cent, of a suitable anopheline host (Anopheles culicifacies) are found 
infected under natural conditions. Roubaud indicates that A. maculipennis 
is a most propitious host for both P. vivajc and P. falciparum ; he found that 
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39-37 per cent, of the insects became infective with the former, and 50 per cent, 
with the latter parasite, when fed in captivity upon a suitable case. As 
regards natural infection of malaria in anophelines, many factors must 
necessarily be called into play. Amongst these the foremost are the st-ason 
of the year at which the researches are carried out, whether malaria is rife at 
the time, and whether the insects have been captured in human habitations 
or in cattle sheds. Bentley in Bombay showed that 18 per cent, of stephensi 
were infected in August, but none in the dry season. Similar variations in 




Fig. 208. — Dissection of head of mosquito. 

A, Median section of head, showing du., tlic vcneno-salivary duct, witli its insertion in /jy., tlie 
hypopharynx ; ch., t^erebrum ; below this are the eerei)ellum and the pumping enlargement 
of Q?., the resophagus ; 771., muscle ; w., nerve-cornmissure. The otij< r parts have been 

removed. B, Tlie veneno-salivary duct, showing its bifurcation and the fhre.e glands on om; 
of iU branches ; ;></., poison gland ; sg. marks the upper of tlie two salivary glands, t', 'Phe 
bifurcation of tlic duct with its nucleated hypodermis. 


infection rate of A.maculipennis have been found by Swellengrebel in Holbind. 
King in America found that in the case of A, quadrimaculutus^ as the result of 
twelve months’ observation, the infection rate was 0*57 per cent., but that in 
the case of specimens taken in negro huts it was 4 -9 |)er cent. The mere fact 
that a particular species can be infected in the laboratory proves little as 
regards its capabilities of transmitting malaria under natural conditions. 

Infection of the mosquito may bo of long duration ; when once the 
sporozoites have reached the salivary gland the insect may remain infective 
for 90 days and a single bite may suffice to joiivey the disease. In some 
species, though 60 oocysts are found in the stomach, full development does 
not take place. As shown by Wenyon, infected mosquitoes may be chilled 
and the development of the parasites is merely temporarily arrested. 
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4 . >SV/ rcos par id i a 

'J'liose parasik^s live in the nuiHi'ular libres or connective tissue of verte- 
brates. They are elongate sausage-shaped bodies consisting of a cuticle 
within which is a series of spaces enclosing a number of falciform spores 
known as “ Rainey’s corpuscles.” The parasite produces a substance called 
sarcocystine, which is especially toxic for the rabbit. The cysts, which are 
visible to the naked eye, are commonly known as Rainey’s or as Miescher’s 
tubes; they frequently occur in mammals, but rarely in man, in whom 
they have been found in the muscles of the heart, larynx and arm. Sarcocystis 
tenella is common in sheep and S, mnris in mice. The species in man is 
known as Sarcocystis meischeriana. There are several genuine recorded cases. 
Lindemann (1868) found them in the heart-muscle, Baraban and St. Remy 
(1894) in the laryngeal muscles. Darling (1909) in the biceps of a negro, 
while Mainfold in 1924, again discovered them in the human heart. 

Protozoa-like yeast cells. — Darling in 1909 first described a con- 
dition known as histoplasmosis in Panama, in which a heavy intracellular 
infection of the lungs with a yeast-like organism — Histoplasma capsulatum — 
was found. This organism when studied by Wenyon has been considered 
to be a yeast. A cascv was reported by Watson (1931) in U.S.A. The 
organisms were uniformly distributed! The port of entry is through the 
skin or upper respiratory tract. The lesions produced occur in those organs 
w here the retieulo-endothelium or alveolar tissue is present in large amounts. 
In the early stages of the disease necrosis is prominent, followed by phago- 
cykisis, hyalization and fibrosis. The phagocytes of the lung are largely 
derived from the histocytes occumng in the alveolar w^all. H. capsulatum 
closely restmibles Cryptococcus farciminosus of the horse. 

Moore has reo{)ened this question by describing Histoplasma as being 
composed ol two sjiecies, Posadasia pyriformis and P. capsulata. It is 
charaekrized by acute sfiecific infection, usually affecting epithelial and 
endothelial c(‘lls of the lungs, liver, and spleen. The cells may be present in 
the blood-stream and can be cultured, and mycelium, chlamydospores, and 
multispored asci an‘ formed. Dodd and Tompkins have described a case 
from Tennesset‘, U.kS.A., in a six-month-old infant. The diagnosis was made 
by finding the organisms (‘iiclosed in the large mononuclear cells in the blood 
stream. 

Cifferi and Redaelli consider that Darling’s histoplasmosis is a mycosis of 
the retieulo-endothelium and may be the cause of dermatitis exfoliativa 
associakd with lymphadenitis. In sections the organisms were found as 
yeast-like bodies enclosed within the phagocytes. All the enlarged lymph- 
glands contained the parasites (Hansmann and Schenken, U.S.A. ). 


THE SPIROCHETES 

Spirochaetes are spiral organisms with flexile bodies. In the small slender 
forms which are parasitic in man it is difiicult to make out any accurate 
details of structure. This is only possible in the larger forms found in the 
mollucsa. These organisms arc now' regarded as being nearer to plants than 
to animals, though formerly, on account of the transmission of the blood- 
inhabiting species by lice and ticks, they were once regarded as protozoa. 

Among the spirochcetes of pathological imjiortance which have to be 
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considered in this work are the Spirochceta pallida (Fig, 209, and the corre- 
sponding organism of yaws — Spirochceta pertenue. These organisms are 
small, measuring 5-14 ^ in length ; they are composed of numerous regular 
corkscrew-like spirals of an amplitude of 1 p. The extremities of these 
organisms are pointed, the spirals wavy and regular. Similar non-pathogenic 
species are found in the human mouth (>8. denthm), throat (S. vincenti), 
bronchi (S, bronchialis), the organism of the so-called “ bronchial spirochsp- 



Fig. 209. Schema of different forms of spirochaefes. x 3,500. 

(After Dobell ; by courtesy of Wellcome Bur. Sci, Res.) 

1. Leptospira icterohoemorrhagioe (Iiiada and Ido) Noguchi. Cause of spirochsetal jaundice. 

2. Spirochceta eurygyralum Wemer. Commonly found in human faeces, both in health and in disease 

(e.g. dysentery). 

3. Human red blood-corpuscle on same scale. 

4. Spirochceta recurrentis Leber (= Spirochceta obermeieri Cohn). Occurs in blood in relapsing fever. 
6. Spirochceta pallida (Schaudiim) Vuillemin (= Treponema pallidum Schaudinn). SypliilLs. 

6. Spirochceta gracile Levaditi and Stanesco. Found on external genitalia, in health and in various 

diseased conditions. 

7. Spirochceta refringens Schaudinn (emend.). Occurs in syphilitic lesions on external genitalia. 

tosis ’* (Castellani), intestine (S. erygyratum), in tropical ulcers S, schaudinni)^ 
in ulcerating surfaces (S. refringens) and elsewhere. 

The larger forms of Spirochceta are more flexible and snake -like, and 
comprise the organisms of relapsing fever (S. recurrentis. Fig. 209, 4, S, duttoni, 

5. persica, etc.) in man ; and 8, anserinum and 8 . gallinarum, the cause 
of spirochsetosis in geese and fowls. The human forms are transmitted by 
ticks (Ornithodoriis), or lice ; those of birds by ticks (Argos), 
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AH these organisms progress by a corkscrew action resulting from revolu- 
tion on the longitudinal axis. 

The genus Leptospira (Noguchi, 1917), includes the type organism, Lep- 
tospira icterohcemorrhagice (Fig. 209, 1). These organisms measure 7-14 fx in 
length, with pointed ends, and a spiral amplitude of 0-45 /x, with one or more 
gently undulating curves. There is no terminal filament, axial filament or 
undulating membrane, but very frequently the end is bent in the form of 
a crook. Two pathogenic species have been recognized — L. icier ohoemor- 
rhagicB of Weil’s disease and L. hebdomadis of seven-day fever. 

L. icterohcemorrhagice is found commonly in the urinary tract or liver of 
rats and possibly occurs as a free-living form in water (Zuelzer), while Buch- 
anan has found it in the slime on the roof of a mine in Scotland. The form 
in rats, like that in man, is highly pathogenic to guinea-pigs. L. hebdomadis 
is found as a natural infection in the field- vole, Microtus montebelloi. 

Simple division transversely into two, is the usual method of reproduction 
of spirochsetes. No sexual phenomena are known in any spirochaete and 
the life -histories of all appear to be very simple. Some observers maintain 
that spirochsetes may break up into minute granules (granular phase) which 
are able to regenerate spirochsetes. 

The organism of rat-bite fever, formerly known as Spirochceta morsus- 
muris (p. 239), is no longer considered (Robertson, Dobell, etc.) to be a spiro- 
chsete, but a spirillum. The correct terminology of this parasite should be 
Spirillum 7ninus (Carter, 1887) ; synonyms, Spirochceta laverani (Breinl 
and Kinghorn, 1906} ; Spirochceta muris (Wenyon, 1906) 
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TREMATODES, OH ELin<ES 


These are iin.segiiientcd, flattened, leaf-like, or rarely, eylindrieal bodies. 
A mouth is present, and one or more suckers, the posterior of wliich serves 
as an organ of attachment, while the anU^rior is alimentary in function. 

The intestine is bifurcated, and both branclu's usually end blindly. 

Fasciot.opsis BUSKir (Lankester, 1857) 

The parasite lives in th(‘ small inte.stine of man — has even been found in 
the stomach. In certain parts of China 5 per cent, 
of the inhabitants are found infected, but only a 
small percentage of these show charactcsristic 
symptoms. 

F. biiskii is an Asiatic trematode, having lx‘en 
reported from India, Assam, the Straits Settle- 

ments, Sumatra, Borneo, and China. The pig is 
the normal host and acts as the reservoir of the 
infection in man. 

This trematode is the largest which is parasitic 
in man (Fig. 210). The average length is 30 mm., 
breadth 12 mm., and thickness 2 mm. It is a 

thick, flesh-coloured fluke of elongated oval 8hajH% 
narrower anteriorly than ])osteriorly. The cuticle 
on the ventral surface is covered with spim‘s 
arranged in transverse rows, most numerous in 
the region of the vt'iitral sucker. The oral sucker 
(0-5 mm. in diamettir) is subterminal and placed 
on the ventral surface. The ventral sucker is larger 
(1 •6-2-5 mm. in diameter), and placed close to the 
Fig. 210^— Fa, scioIoj),si,s oral. It is prolonged into a kind of sac (2-8 mm. 

bushi. {After Odinier.) Jong) directly under the ventral surface. The 

pharynx (0-7 mm. long) is preceded by a ])repharynx 
(0-28 mm. long) ; the oesophagus is very short, and the intestinal cseca 
are simple and present two characteristic curves towards the middle 
line, one at about the middle of the body, the other between the testes. 
The genital pore opens on the median line immediately anterior to the 
ventral sucker. The testes are in the posterior half of the body, one 
behind the other ; both are branched dichotomously. The ovary is 
branched, and is placed about the middle of the body on the right of the 

* The following is a key to the terminology of anatomy of trematodoa, aa illuatraUxl in 
this and other figures: a.s.^ anterior sucker; m., mouth; p., pharynx; p.h.^ pharyngoa 
bulb; ac., acetabulum or vantral sucker; g.o., geniti*! opening; w/., uterus; vjj.^ vitelline 
glands ; ov.t ovary ; s.g. .shell-gland ; m., vagina ; oo., <intypo ; ovd,^ oviduct ; v.8., vesicula 
seminalis ; r.5., reoeptaculum aeminis ; testis; v.d., vas deferens; oesophagus; 

i., intestine ; *.c., branch intestine ex.j)., excretory pore ; 7t.o., nerve cord ; l.c., Laurer^s canal. 
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nvrdian liiu‘. 'The viU'llaiia aro well <levelojxj(i, atal exU*iid from the ventral 
Hueker to the (‘audal end of the laxly, where they meet. Their acini are very 
small. Then^ is a fine tortuous r.rfiurer\s canal. The eggs (Plate XXXII], 
7, facing p. lO^o) an; numerous, and mcasun; 120-130 /x in length by 77-80 yx 
in bread til ; th<;y are closed by a very delicate oixjrculum. 

The evolution of this })arasite in a mollusc is in the main similar to that 
of F. hejmtica, and was worked out by Nagakawa (1920). After the egg 
has lain in water for two or three weeks a ciliated miracidium, with two 
pigmented eyespijts and two Hame-c(;lls, escapes and enters the body of 
a snail, species of Planorbis— P. ccjeiiottus^ srhtn/ickeri, P. {Segrnentina) 
hoemispharuki, P. (Segmentina) largillierti and P. nitidpJki (Barlow); it then 
becoiiKNS transformed into a sporocyst, within wlii(;h, in three or four days, 
redia* develop, thesr* in turfi giving rise to cerc,aria;. On becoming free in the 
water, thf‘ cercaria; encyst on fresh-water plants, especially the red water 
calthrop or ling (Trapa {Salvinia) natans in China, Trapa biconiis in India) and 
the waku-chestnut (Fliorharis tiLbero8U.s)y whi(;h are fertilized with night-soil 
and are raisixi in tlu; shallow' ponds in wdiich the snails live. In the plant 
the eercaria; become transfornuKl into metficerrarifr, which attach themselves 
to the stems. Haw ling ” (calthrops) is eaten as a vegetable by the Chinese. 
It is diflicult to ]>eel, and man becomes infected in chewing it, as the rneta- 
cercarial cysts adhere to the teeth and art; sw’allowed. Another water plant 
which has recently Ixam incriminated is Spirodela polyrhiza on the leaves of 
which the eercaria? encyst. 

The cycl(‘, from the entry of the miracidium into the snail till encystment 
occu])ieB a ]>eriod of forty-nine days. 

Pathogenesis and treatment. F. buskii inhabits the upper part of 
the small intestine. A few’ flukes cause no inconvenience beyond slight 
asthenia and ana'inia ; w hen many are present, they cause alternate diarrhoea 
and constij)atit)n ; the stools are light yellow and offensive. (Edema involving 
the face is commonly s(‘en, and may also affect the abdominal wall, geiiitaUa, 
and lower limbs, and cause ascites. The skin lx*comes harsh and yellow. 
Death may occair from exhaustion. It is important to remember that 
occasionally the abdominal pain prcxluced may resmnble that of duodenal 
ulcer. 

The best treatment is to give thymol, beta-naphthol, eucalyptus oil, or 
carbon tetrachloride as in ancyloste^miasis. Recently hexyl-resorcinol has 
also been found effective. The dose is 0-4 grm. for a child under seven, 
and 1 grm. from thirteen years upwards. 


Fasciola hepatica (Linn., 1768) 

The liver fluke has bt^ca reported in man as an erratic infection in some fifty instances — 
in the liver, the portal veins and in subcutaneous abscesses. It is said to occur in the Lebanon 
as a bucoo-pharyngeal infection where it is locally known as “ halzoun.” In some instances 
a general cachexia and ameniia resembling that of diphyUobothrium anaemia is produced, 
with an et^sinophilia of 54 per cent, teases of human infection have been noted in Venezuela, 
Argentina, France, Hungary, {Salonika, the Dardanelles and China ; usually, however, it 
s<‘ems to cause little disturbance sav<^ minor attacks of diarrhma. 

F]()ileptiform fits have bivn d(‘scribed by Kouri in (’uba, when the diagnosis was confirmed 
by the discovery of the eggs in material ivmoved by duodenal sound. Emetine in largo doses 
is said to bo effective ; for a man of 7U kilos, it should be injected in doses of 6, 5, 5, and 5 cgm. 
on successive days, with suitable intervals for the elimination of the drug. In one case the 
amount was 4fl cgm., an average of fl-4 mgm. per kilo body- weight. 

F. hepcUica is a parasite of herbivorous animals, especially sheep, in which it causes 
the disease known as “ liver rot.” In colour pale-grey with dark borders ; length, 
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20-30 mm. ; breadth, 8-13 mm. The anterior extremity, which bears tlie oral sucker, is 
narrow ; the posterior, rounded. The ventral sucker is the larger of the two, and is situated 
3 mm. from the anterior extremity. Both branches of the intestinal cioca are furnished with 
many diverticula radiating outwards. The ovary is racemose, and lies in front of the testes, 
which occupy most of the posterior part of the l^dy. 

The uterus lies in front of the ovary, and is short in comparison to the rest of the body ; 
an exsertile cirrus is present. The genital pore is median, half-way between the oral and 
ventral suckers. 

The eggs measure 130-145 in length by 70-90 /ic in breadth ; they are ov(dd and opcr- 
culated, and usually of a brown colour due to bile-pigment. The egg, when passed, contains 
an ovum and yolk-cells. 

The life-history of this fluke was first worked out by Thomas and I^euckart in 1883. A 
ciliated miracidium develops in the egg in about three weeks, and on escaping finds its way 
into fresh-water snails oi the genus Limncea, In Europe the species is />. truncatula ; in 



Fig. 211. — (1) Cion orchis sinensis. A, magnified ; B, natural size. {Varlly 

after Looss.) 

(For lettering, see p. 894, footnote.) 

(2) Cercarisi ot Clonorchis 8ine7isis. {After Faust and Khaw. By perinission 
of ** The American Journal of HygieneF) 
f)s. oral sucker. i pharynx. < (;..^ cephalic secretory-gland, vs, ^ventral sucker, 

Japan L. pervia. The resulting cercarias encyst on blades of griiss or watercress and are 
again eaten by the mammalian host. Large specimens, measuring 76 mm. in length, ore 
called F. gigantica, but are probably a variety of F. hepatica. 

Treatment of human infections with massive doses of magnesium sulphate by the mouth 
combined with intravenous injections of stiboson baa been successful. Apparently also 
emetine injections have some influence on this parasite. 

Clonorchis sinensis (CJobbold, 1875) 

This fluke lives in the biliary passages of man, and of dog, cat, pig, rat, 
mouse, camel and badger. The pancreas and its ducts may be infected ; 
it is rarely found in the duodenum, and never in the gall-bladder (Oppenheim). 

C, sinensis (Fig. 211, 1) is a common parasiio of man in the Far East. It 
is a spatulate fluke, tapering anteriorly, and measures 10-20 mm. in length 
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l>.v 2 r > Him. ill lncadth, \h oiiluiig, narrow, flat, and Hoincvvhat ^ajinU'd an- 
U‘riorly, reddiali in colour, and nearly traTisparcnt. The oral sucker (0*6 mm.) 
is larger than the ventral (01 mm.), whieli is nituatf^d between the first and 
second fourths of the body, 'fhe cuticle has no spines. The pharynx is 
globular and short (Fig. 211, I , p.b.}, the oesophagus slender and 017 mm. long. 
The intestinal cieca are simjile ; the genital |)ore o|>ens on the middle line 
immediately in front of the acetabulum. 'The test<*s are branched, and 
situated in the posterior }»ortion of the brnly, one behind the other. The 
ovary is trilobate, and its cijils are anterior to the genital glands. The 
vitelline glands are moderately develojKul, and occupy about the middle 
third of the body. The eggs are 28-30 /x in length by 15-17 /x in breadth, 
ofKjrculated, almost blai^k, contain a ciliated miracidium (Plate XXXIII, 5, 
facing p. 1025), apjiear to bo susceptible to desic;cation, and cannot withstand 
decomjiosition. According tt> Xagano the egg does not normally hatch in 
water, but must be actually ingested by the snail before the miracidium 
can esca}>e. The eggs are passed into ponds where they can remain viable 
for five weeks. The miracidium has a vi^ry short life in the water, and can 
only live free for twenty minutes in the intestinal contents of the snail (Vogel, 
1034). Aft(*r phu'cing the msophagus of the; snail, the miracidium becomes a 
sporocyst which soon becomes an elongated redia. These rediie soon burst 
through the meni brant; of the s])orocyst into the perimsophageal sinus, and 
then wander tailwards bet\\t‘en tlu* interstices of the liver. At this situation 
certariae develo]), and finally they break through the space between the upixii* 
surface of the body and the shell and emerge into the water. The free 
cercaria^ arc vtuy active. From one miracidium one sporocyst develops 
20 rediie, each of uhich prtxluctcs 20 <-ercaria‘. Thus one egg gives rise to 
4(K) cercaria'. 

i)evelo})inent takes place in liithipiia [Parajoamrulua) striatuhi (Japan, 
Korea, Formo.sa, and China), B. furhslana, and B. lomjiconiis (also in China), 
and Melania hongkongiensia. 8porocysts form in two to three weeks, which 
in turn jirtxluce rexlia^ and the cercariac, escaping from the snail, encyst in the 
muscles of certain Japanesr' fresh- water fish of the family Cyprinidae, Pseudo- 
rashora parva, Lew\)gohio guntheriy and Carassius aural uSy the last of which 
is the most important, as it is commonly eaten pickled or incompletely cooked 
with soy sauce. Faust has shown that some thirty-four species of Cyprinid«, 
(h)biidce and Anabantidie are susceptible. At first the cercaria (Fig. 21 1, 2) 
secn‘U‘S a viscous Iluid that Ibrms an inner true cyst and is afterwards 
eiK'apsuled by a librous layer formed by the tissues of the fish. 

The cercaria' in the water reach their fish host wTthin twenty-four to 
forty-eight hours, and bore their way into its tissues by means of a histolytic 
secretion. After forty-eight hours they begin to encyst, but full development 
to adolescercaria can only take place in a suitable host. In certain species, 
such as Carassius auratus and Eleoiris swuihonis, they are found under the 
scales, in others in the flesh ; so that domestic animals which eat the offal 
may Ix'come heavily infecte;d, while man himself escapes. The capsule of 
the adolescercaria forms a protection against the action of the gastric juice. 
The encysted c;ercariaj (inetacercariie) can withstand a temperature of 50-70^^ C. 
for fifteen minutes. The cyst- wall is digested in the stomach, while the 
metacercarifie escape into the duodenum and attach themselves to the mucosa 
in the region of the openings of the common bile-duct. The young distomes 
are provided with spines which soon disappear, and they attain maturity 
in twenty six days, when the eggs can be found in the faeces of cats, dogs, 

57 
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rabbits and guinea-pigs fed on infected fish. The important exi)eriment8 of 
Faust and Khaw (1925) showed that the succus onterious dissolves the cyst- 
wall and stimulaU's the enclosed larva. Only a small proportion reach the 
bilC-ducts, while the remaining 95 per cent, are digested and destroyed. 
The metacercarise, after eleven to twelve days, reach the middle bile-ducts 
by positive chemotaxis. The size of the fluke is dependent on the stature 
of its host, and the diameter of the bile-ducts. The egg-production of this 
fluke is very large. In infected cats it is estimatc^l at 2,400 a day, and 1,125 
in dogs, Sambuc and Beaujean (1913) recorded finding 21,000 adult flukes 
at the autopsy of an Annamesc soldier. Men are more often infected than 
women. 

It has been estimate‘d that the life span of the sexually inatuix^ flukes is 
at least twelve years. For pathogenesis, see p. 800. 

The following is a list (Walker) of the most important snails which may 
act as intermediaries ; 


Fossarulus stachei. 

F. loczy, 

F. sinensis. 

Parafossaru I us st rm t u lus . 

P. striatulvs Ynv. japonirus. 
P. smensis. 

P. suhanyulatus. 

P. woodi. 

Pseud ovivipara hypocri tes. 
Hydrobiod es da u tzenberg i . 

H. nassa. 

Bithynia lorigicorn is. 

B. moreletania. 

B. pceieli. 

B. niisella. 

B. umbilicaris. 


B. morleti. 

B. goniomphnlos. 

B. thatkeana. 

B. robusta. 

B. robuski minor. 

B. trunmta. 

B. duutzenbergiana . 
B. siamensis. 

B. funiculaia. 

B. fuchsiana. 

B. delavayarui. 

B. toucheuna. 

B. Iceris. 

M ela nia ha ina n e n s is 
M . hong kongien sis. 


The following is a list of edible fishes which may act as si'cond 
intermediaries : 


Hemiculter kneri. 

A canthorhodeus a t ra na Us. 

A. gracilis. 

Carassius auratus. 
Pseudogobio rivularis. 

P. sinensis. 

Pseudorasbora parva. 

P. fowleri. 

Eleotris swinhonis. 

E. potamophila. 
ParacJieilognathus rhombea. 
Rhodens sinesis. 

Culler brevicauda, 
Sacrocheilichihys nigripinnia. 
S. sinensis. 

S. morii. 


S. variegatus. 

Macropodus opercular is. 
Biwia zezera. 

Xenocyprus davidi. 
J^seudiperilarnpus typus. 
Abbotina psegnui. 
Leucogohio g iientheri. 

L. slriatus. 

L. careanus. 

L. rnayedce. 

Clenopha ryngodon id ellus . 
A cheilognathus lunceolata. 
A. lirnbata. 

A. cyanostigma. 

Labeo jordani, 
Hypothalmichthys nobilis. 
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OPiSTiioRCiiia FELINEUS (Rivolta, 1884) 

The aormal hoetH of this species are the dog, cat, 
glutton and pig. It occurs quite commonly in man 
in Eifcst Prussia, Siberia, Annam, and the Philippines. 

This lanceolate iiuke measures H -11 mm. in length 
by 1*5-2 mm. in breadth. The cuticle is smooth, the 
suckers are of equal size, and separateds from each 
other by one-fourth of the lx)dy-length. (Fig. 212.) 
The eggs are small, yellowish- brown ; 30 /< long by 
12 fi broad (Plato XXXIII, 4, facing p. 1030). 

According to If. Vogel, who in East Prussia has 
worked out the life-history in detail, the only snail 
which acts as the first inUTmediary is Bithifnia leach i 
(IShepp). The miracidiiim is fully formed in the egg, 
and is hatched by the osmotic pressure in the alimen- 
tary canal of the snail and not by water. The sporocysl 
develops close to the end of the intestine, and in one 
month reaches a length of 1*2 to 1*85 mm. and the 
redia) are formed. Ne.xt the immature cercaria) leave 
the rediao, and reach maturity about two months from 
the date of infection. The cercaruo leaver the snail only 
during daylight. They are shaped like a tobacco-pipe 
with a tail membrane, and are attract'd by light and 
activated by agitation. The second intermediary hosts 
are the t(*nch ( Tinea liyica) and the chub (IdiiM laela- 
yiotus). The c<*rcariai penetrate within lifteen minutes, 
and iH'corne* metacv'rcaria', w'hich grow to three to four 
times the original size. When the fish is eaten, the 
cysts into the stomach unchangtKl, but are freed by 
tlae juice of the small intestine. Bile attracts the young 
fluk<*M, and they travel up the bile-duct into the liver 
within live hours. 

The infection is con track'd by man through eating 
raw fish. This species doc's not appear to lx* specially 
pathogenic to man, although 2(>(> or more hav^e been 
found in the liver and bile-ducts at two autopsies. 

Two other species of the genus Opisthorchis have 
been recorded in man, but are of no importance — O. 
noverca and (). viverrini, the former from India, tin 



Fig. 212. — Opisthorchis fell- 
ticus. X 9. [After Barker, i)i 
‘ ' .4 rch iv dc Parasitologic.'' ) 


latter from Siam. The normal host of O. novcrca is (For lettering, see p. 894, footnote. 


the dog, that of O. viverrini is the civet cat. 


HETEROPHYES HETEROPHYES (Siebold, 1852) 

This species inhabits the small intestine, often in very large numbers, 
and may cause diarrheea. H. heterophyes, descril)ed in 1851 by Bilharz 
in Cairo, probably has a wide distribution, and has been reported from Eg^^pt, 
China, and Japan. Under natural conditions it infests the fox, dog, wolf 
and cat. 

H. heterophyes (Fig. 213) is a minute pyriform fluke and measures 1-1*7 mm. 
in length by 0*3-0* 7 mm. in breadth. It has an oval, elongate shape, and 
when passed and fresh is grey, the uterus showing up as a brown patch in 
the centre of the body. The oral sucker (0*09 mm. in diameter) is subterminal, 
and about one-third the size of the ventral sucker (0*23 mm.), which is placed 
at about the middle of the body. The cuticle is thickly set with quadrate 
scales, 5-6 pu long by 4 /x broad. The prepharynx is short (80 p, in length) ; 
the pharynx measures 50-70 /x in length by 40-50 p in diameter. The 
oesophagus is about three times as long. The intestinal caeca extend to the 
posterior extremity, where they converge and terminate close to the excretory 
vesicle. The vitelline glands are arranged in two clumps at the posterior 
end of the body. The genital pore opens postero-laterally to, and in the 
immediate vicinity of, the ventral sucker ; it is surrounded by a muscular 
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ring, and is armed with about 70 antler spines. The testes are oval, and 
situated posteriorly. The ovary is globular, median, and anterior to the 
testes. The receptaoulum seminis is as larg(‘ as the ovary ; the uterine 
coils are not numerous, and extend betwecm the ventral suckers and the 
testes. The eggs are light -brown. lhick-sht*lle(l, oval, 20-30 jj, by 15-17 /x, and 
contain a ciliated embryo when oviposited. (Plate .\XXTll,v), facing p. 1030.) 

Life-history. — The mollusc which acts as the first intermediary is 
unknown, but the (*ercaria is a])parently an oculate lophoccrca known as 
C. 'phurolophocerca (Sonsino), and which is found in Kgypt in Mela7\oidef< 
tuheA'Culatus and in Clfopntra bulimnoid Onji and Xishio, and Khalil in 
Egypt, have found that infection is aiapiircd from eating raw mulk't 
{Miigil cephalus). Khalil has now discovered tliat the (‘ommon snail host in 



Fig. 213 . — IJeit roplii/r.s Fig. 214. — ipjkoyaivui. X 45. 

heterophyfus. {Pttrtlif afl(r Lei per.) 

A, Greatly mag^nified ; B, natural size. Seni. Yes., seminal vesicle; Ilec. Sein., Uccepta- 

culum seminis; (1.1’., peuitul pore. (I'or otber 
(For lettering, see p. 8‘J4, footnote.) lettering, set j). 891, footnote.) 


Lake Manzala, Egypt, is a conical snail, PireneUa coiiica, and that the metacer- 
carise can also encyst on a minnow, (rambusia affinis. Africa, (larcia and 
de Leon, in nine autopsies in Manila, found heterophyid eggs in the Ys alls of the 
intestines, as well as in the muscles of the heart, which produced symptoms 
during life resembling those of cardiac beriberi. They recognize two new 
human species of Heterophyes, namely, H. brevicceca and H, taihokui. 

Treatment.— The adult flukes are removed from the intestines by means 
of thymol (p. 813) and also by oleoresin of aspidium (p. 822). 


Metagonimur YOKOGAWAi (Katsurada, 1912) 

Synonym. — Loxotrema ovatum. 

Yokogawa’s fluke occurs commonly in the small intestine of natives of 
Korea, Formosa, Japan, and the Balkan Stab’s ; it is also (!ommon in cats, 
dogs, pigs, and the pelican (Pelicanus onocrotalus). 

This is the commonest intestinal fluke of the Far East. It measures 
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only I - 1 Tinii. long by 0-42-()-7 rnni. broad ; tbo ciiticlo is roveroti with small 
spinoM ; it. is the smallest fluke \vhi<'h oeeiirs in man. 

It differs tifun other ?n(‘mberH of this class in having the ventral sucker, 
or acetabulum, displaced somewhat laUTaliy on the left side. The common 
genital pore lies immediately in front of the ventral sucker. (P''ig. 214.) The 
testes are ovoid and are situated in the posb'rior third of the body. The ovary 
and the reccptaculum seminis lie immediately in front of the testes in the 
midline. The yolk-glands are arranged in clum[)R in the posterior third of 
the body, and the uterus (x^cupies the s])ace which lies between the testes 
and the ventral sucker. A large seminal vesicle is j)resent, and lies immedi- 
ately in front of the ovary. The egg resembles that of Clonorchis smensis 
in size, but is more regularly ovoid in shajje {fie.e Plate XXXIII, 6, facing 
p. 1030) ; it measures 33 /x in length by 21 /x in breadth. 

There are two intermediary hosts -a fresh -water Melania liheriina, 

or M, ebeyiinUy in which the redial and cercarial stages occur, and a fresh- 
water fish, PlecUxjlosHHs altii'eMs, under th(‘ scales of w^hich the metacercariae 
have been found to encyst. On entering the fish the tail is discarded. The 
anterior end of the cercaria is provided wuth a peculiar armament, which 
serves to distinguish it from opisthorchid larva?. The tail is long and lopho- 
cercous with laU'ral flutings. 

The fish is ofUui eaten in a raw^ state by the Japanese. In some districts 
of Japan 50 |X‘r cent, of the snails are infected wuth the cercariae of this 
parasite. 

Pathogenesis. — M. yokogaimi is an apparently innocuous parasite in 
man, causing at the most a catarrhal condition of the intestinal tract W'hich 
it inhabits. 


pARA(i()NiiMUS RINGERI (Cobbold, 1880), aiid Allied Species : 

P. WESTERMANII and P. COMPACTUS 

1\ ringer i would seem U) be confined to dajmn and Korea. In man, 
the dog, fox, wolf, panther and (‘at, it is found in the lungs. 

P. ringer i (Fig. 215) is oval in shaj)e, reddish-brown in colour, and some- 
what transhu'cnt ; so thick is it that it is almost numd in transverse section. 
It measurt^s 8-20 mm. in length by 5-9 mm. in breadth. The anterior 
extremity is bluntly rounded, without a cephalic cone. The oral sucker 
(0*88~112 by 0-80-0-83 mm.) is tenninal or subterminal. The ventral 
sucker, slightly larger than the oral, is situated somewhat anteriorly to 
the middle of the body. The phar 3 mx is present and the oesophagus is short, 
so that tlie bifurcation of the intestine is considerably anterior to the ventral 
sucker. The intestinal ca?ca run a zigzag course towards the caudal end 
of the bexly. The common genital pore opens close to the posterior margin 
of the ventral sucker. The w hole of the body is divided into two halves by 
the large excretory vesicle which lies in the long axis. The testes are tubular 
racemose glands, and are situated on each side of the middle line in the 
posterior third of the body. The ovary is branched, and may lie either to 
the right or the left of the midline, just j)osterior to the ventral sucker. The 
uterus IS short and somewhat sac-like, and lies opposite to the ovary on the 
other side of tlie body. The vitellaria an? greatly developed, ancl extend 
throughout the wdiole length of the body. Laurer’s canal and a large shell- 
gland are present. The cuticle is studded with groups of wedge-shaped 
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spineB , these groups may vary in number from three to twelve, according 
to their position. The spines are the only reliable structures by which this 
can he diiferentiaU'd from the closely-allied species which occur in man — 
namely, P. weaiermanii, in which the spines are arranged singly, and P. 
compactus, in which they are arranged in clumps — but they are fewer in 
number, pointed, and not wedge-shaped as in P. ringeri. 

The egg of P. ringeri measures, on an average, 90 p in length by 55 p in 
breadth. It is operculate, brown in colour, and there is a slight thickening 
at the opposite pole to the operculum. (Plate XXXIII, facing p. 1030.) 

The egg of P. westermanii is slightly smaller, and measures 85 p in length 
by 55 p in breadth, while that of P. compacins is smaller still, and measures 



Fig. 215.— Paragonimus ringeri. {Partly after Looss.) 

A, Nat. size. (For lettering, see p. 894, footnote.) 

75 p, in length, and on an average 48 p in breadth. Neither of these eggs has 
so marked a thickening at the opposite pole to the operculum as has the egg 
of P. ringeri. 

The geographical distribution of these three species is also somewhat 
different. P. ringeri would seem to be confined to Japan and Korea, French 
Indo-China, Philippines, and Siam, whereas in India and in the Malay States 
man is liable to be infected with P. compactus and P. weMermanii. A fourth 
species occurs in the pig, dog, and cat in North and South America, and 
in the tiger in the Malay States ; it is known as P. kellicotti, and up to the 
present has not been recorded from man. 

Life-history (Fig. 216). — The eggs of Paragonimus are broadly oyal 
with a distinct operculum and a thickening of the shell at the opposite end. 
They are voided into cystic j)ocket8 in the lung around the flukes, and escape 
in the sputum when these pockets rupture. On reaching water the eggs 
hatch in four to seven weeks and the miracidium enters a fresh -water snail 
of the genus Melania. According to Watanabe the miracidium has the 
following distinctive characters : The ciliated covering is made up of 17 cells 
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arranged in four rows, the numbers in each row being 6, 7, 3 and 1 ; there is 
an anterior cone, no eye-spots, and a pair of sense organs, while the excretory 
canal forms a rosette. At least six species of Melania have been found to 
serve as intermediary hosts, including Melania tuberculata (Japan and China), 
M. libertina (Japan. China and Korea), M. obliquegranulosa (Formosa), M. 
paucAcinctay M, gottscheiy M. extensa^ and M. nodiperda (Korea). Therein 
the iniracidiiira undergoes the usual developmental changes of sporocyst and 
redia, eventuating in the formation of cercariae. In Venezuela (in the case 
of P. kellicotti) the snail is said to be Ampullaria luieosoma. The cercariae 
arc microcercous with an ellipsoidal body and a knob-like tail, measuring 
from 200 p in length by 70-80 p in breadth. The cercariae in due time escape 
into the water and bore their way by means of the stylet into certain species 
of fresh- water Crustacea — Potamon obtusipeSy P. dehaani (Fig. 217), P. sinensis, 
Sesarma dehaani. A, dahionicus, Eriocheir japoniem (Fig. 218), Astacus 
japoniem, and in Korea, Eriocheir sinensis and a crayfish, Cambaroides similis. 



7 


8 



Fig. 216. — Life-history of Paragonimus ruigeri. Figs. 3-9, X 15. 
{After Nakagatva, “ Journ, Exp. J/cJ.”) 


1, 2, First intermediary hostel, Melania libertina and M. ohliqnegranulosa, quarter nat. size; 
3, 4, cercaria and sporocyst of P. ringeri, in Melania ; 5, 0, 7, tailless cercaria and encysted 
cercaria in liver of crab as second intermediary host ; 8, fuliy-growa encysted metacercaria ; 
9, adolescent paragoniraus, 14 days old. 


In Venezuela the species is Pseudothdphusea iturbei. In these the cercarias 
encyst themselves in the liver, muscles, etc., and especiaUy in the gills. In 
Japan, man is commonly infected by eating the raw flesh of Crustacea. 
In Korea and Formosa, however, where paragonomiasis is very common, un- 
cooked crabs are not eaten. One is therefore led to suppose that encystment 
in the crustacean is not a biological necessity for the parasite ; it may be 
that the cercariae gain their entrance to the body in some other vehicle, 
such as drinking-water. On entering the stomach, the cyst is digested out 
and the adolescercnria emerges, traverses the abdominal cavity, penetrates 
the pleura and lungs, and finally arrives in the bronchioles, where it settles 
down in a cystic cavity. 

Pathogenesis is fully detailed at p. 796. 




THE BILHARZIA GROUP 
Btlhahzia ii;ematobia (Meckel, J8r)f)) 

Synonym. — Schistosonut hrmuitohlurn (Weinland, J858). 

This parasite (Fig. 219) is found in the venous system of man, especially 
the mesenteric branches of the portal vein, the vesico-prostatic, the pubic 
and uterine plexuses, an» I the vesical veins ; occasionally it may wander 
into the vena cava and into the pulmonar,y veins. As many as 300 have 
been found at autopsy, and in experimentally-infected monkeys they may 
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be even more numerous ; they appear to be espt^cially abundant in the 
veins of the submucosa of the bladder. 


The parasite can, under experimental conditions, be conveyed to a number 
of animals— rats, mice, guinea-pigs, monkeys, and hedgehogs (Brurnpt). 

B. hopwxitobia is confined for the most part to the continent of Africa. 
Endemic; foci also exist in Cyprus, Corsica, Palestine, Morocco, Algeria, Tunis, 
Arabia, Madagascar, Mauritius, Reunion, and Iraq. It is recorded that after 
the South African War the infi'ction was import<‘(l into Perth, WesU^rn 
Australia. 


The adult j)arasiU^ is long-lived. 
The Editor has seen active cases of 
the disease of twenty years’ stand- 
ing, and others, e.g. Christopherson, 
have recorded still longer [Xiriods. 
The 8<*xe8 live apart wliile young, 
but on reaching matiiriW the 
female enters the gynmcophoric canal 
of the male. 

In both sexes the alimentary 
canal commences at the oral sucker, 
the ventral sucker, or acetabulum, 
l)eing prehensile in function. The 
(esr)f)hagu8 presents two dilatations, 
and bifurcates just in front of the 
ventral sucker to form two ink*stinai 
(‘leca, which again unite al>out the 
centre? of the* body into a median 
trunk. The excretory system con- 
sists of two longitudinal canals 
which opm posteriorly and some- 
what dorsiilly by tin; exc retory iKue. 

The nervous svstem is rc'pre- 
sented by an (esophageal ganglion 
and commissure, embracing the 
(esophagus, from which the longi- 
tudinal nerve-c'ords run to the 
posterior eird of the body ; these 
cords intercommunicate by means 



of lateral branches. 

The male is white, cylindroid, 
1 to T5 cm. in kuigth by 1 mm. in 
breadth, and it jK)sse8ses an oral and 
a ventral sucker (of which the latter 
is the larger) plac^ed close together. 

^ The oral sucker has the dorsal lip 
longer than the ventral. The cylin- 
drical ap]xiaranc(; of the worm is 
prodiKxxl by the ventral infolding 


l ig. 219.-- BiUiarzia hctnudoliia. 10. 
(Orig.) 

r.. Ventral surlier ; AL., bifjjrojit'on of aliiiientarv 
canal ; A.s., anterior sucker ; G.C., gj’-niecoplioric 
canal; c.o., penitAl 0|>enirg ; I., intestine; 
I.C., union of inteatinnl circa ; N.C., nerve coni; 
<)*, terininal-spined ovum ; cE.S., a'scphainis ; 
(H)., ootype ; ov., ovary ; ovu., oviduct; s.c., 
sheil-Kland ; T., testers; T.H., tubertmlations ; 

CT., uterus ; VA., vagina ; v.c;., vitelline glands 
V.S., vesicula seminalia. 


of the ! wo sides of what w'ould otherwise be a fiat V>ody. By this infolding 
g 3 mtt*cophoric canal is formed, in wdiich the female can be jiartially enclased. 
The outer surface of the body is closely beset with small cuticular promi- 
nences, espt^cially on the dorstil surface. There are delicate spines on the suckers, 
and large tiilx^rcnlations on the inner surface of the gyiuecpphoric canal. 
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The reproductive system consists of 4 to 6 testes, round in shape, and 
l3dng posterior and dorsal to the ventral sucker ; from these a similar number 
of vasa efferentia unite to form a long vesicula seminalis, to open at the 
genital pore, in the median line, just posterior to the ventral sucker. 

The female is rather darker in colour than the male, considerably longer 
(2 cm. by 0-25 mm. in breadth), and filiform ; her middle portion is usually 
infolded in the gynaicophoric canal of the male, while her antc?rior and jiostc'rior 
portions remain free. Her body is smooth, except towards the posterior end 
and on the suckers, where papilla? abound. The reproductive system consists 
of an elongat<?d oval ovary lying in the posterior half, in front of the union 
of the intestinal caeca. From the posterior pole of the ov^arv arises the 
oviduct, which on passing forwards is joined by the vitelline duct. I’lic 
yolk-glands, or vitellaria, occupy the posterior part of the bcxly. The shell - 
gland opens into the oviduct, which on passing forwards bcH'omes the uterus. 
The genital opening is median, and situated just posterior to the ventral 



Fig. 220. — Diagram representing deposition of eggs by (a) B. iminsoyn and 
(b) B. hcBmatobia in blood-vessels, and their passage to exterior. {Orig.) 

1, Anterior sucker; 2, posterior sucker; 3, vaginal orilice ; <1, utenis with contained eggs. 

sucker. The anterior j)ortion of the uterus contains several terminal -spined 
eggs. The genital openings of the sexes face each other, and are placed 
immediately posterior to the ventral sucker. 

On microscopical examination, the uterus of tlie female is found to contain 
20-30 eggs of a x>oculiar and characteristic shaf)e. They are oval, each egg 
on an average measuring about 150 /x in length by 60 /x in breadth. One 
end of the egg is provided with a short, stout, and very definite spine. (PlaU* 
XXXIII, 7 7, facing p. 1030.) 

The exact nature of the process by w^hich the eggs leave fhe body of 
the human host has been explained by Fairley and the Editor from observa- 
tions upon experimentally-infected monkeys whose mesentery had lx?(‘n 
exposed under anjesthesia. The paired worms travel again.st the blood- 
stream to the furthermost possible point, where the female leaves her partner, 
and, being of a smaller diameter, is able by means of her suckers to progress 
until she stretches the smaller venules to their uttermost. The eggs are now' 
deposited with their spines directed posteriorly. 'Fhe female then withdraws 
so that the egg she has deposited lies a little in front of the anterior sucker. 
The process is then repeated. When, after the deposition of an egg, the worm 
retires, the vein contracts to its original dimensions, embracing the egg, and 
the returning blood drives the spine into the wall of the vein. (Fig. 220.) 

In a large proj)ortion of cases, much more frequently than was formerly 
thought to be the case, the characteristic eggs of B. hmmatobia may bo found 
in the faeces (see p. 720) Chesterman has reported from the Congo a 
much-elongated variety ol‘ temiinal-spined egg which occurs in the feces 
only, and not in the urine, and which has now been referred to a separate 
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specieB -'/y. intercaluta. Eggs of B. hmnuitobia are not uncommonly found 
in the lungs, occasionally in the brain and other atypical situations. 

In newly-voided urine the egg presents a somewhat brownish ay)j)earance, 
and generally contains a ciliated embryo (Fig. 221), which escapes through 
a transverse rupture in the shell, caused by osmosis on coming into contact 
with waU‘r, and by a digestive ferment elaboraU^d by the miracidium. It 
then swims about, but, unless supplied with fresh water, perishes within a 
])eriod of tw(‘nty-four hours. While swimming, the body of the miracidium 
underg(K‘s many changes of shajxi. It moves by tiH^ans of the cilia which, 
with the exception of the minute papillary l)eak, thickly cover the entire bcxly. 
On careful examination, a primitive intestine may be traced from the anterior 
})api]la ; on each side of this, two unicellular siilivarv, or cephalic, glands can 
be made out, with ducts of)ening into the mouth, d’he bulk of the embryo 
is occupied by a number of germ-cells, the posterior part by excretory 
tubules connected with four large flame-cells, 
d'he nervous system is representtid by an 
oval, irregular mass lying in the centre 
of the body. According to Ixiper and 
Ashworth’s observations, the cuticle of the 
miracidium is (imposed of a number of 
[)olygonal epithelial cells. I'he body is divided 
traiisverstjly into three zones, united by six 
or seven longitudinal strands. 

According to Dye, the miracidia of B. 
heematohia hatch more rapidly and travel 
farther before entering their intermediate 
host than do those of B. mansoni. 

The miracidium is attractod by the ap- 
})ropriato spedes of mollusc, usually of the 
genus BuUinus. 

The miracidium penetrates the soft part 
of the mollusc, usually boring its way through Idg. 221. B. hceyymtohia mira- 
the antenna\ The cilia are then cast off ; cidium. {After Looss.) 
travelling via the lymph spaces and the inter- 

hepatic lymph sinuses, it comes to rest in the liver or digestive gland. There 
the miracidium develops into an elongated sac-like body called a sporocyst, 
in the interior of which daughter-sporocysts form. These latter multiply to 
such an extent that the entire liver becomes permeated with the long, 
dehcate, transparent, tube-like bodies. Presently numerous bifid-tailed 
cercariie develop within the sporocysts and, on maturing, escape spontaneously 
into the surrounding water. The cycle from miracidium to cercaria under 
suitable conditions of tomperature takes fourteen days to complete. Op- 
portunity occurring, the now free cercariie penetrate the skin of some 
suitable vcilebrate -man, mouse, rat, monkey — dropping their tails in 
the process (Fig. 229, j). 915). Entering lymphatics or blood-vessels, they 
proceed to the liver of the definitive host, and in about six weeks attain 
sexual maturity and produce terminal -spined eggs. To obtain these results 
in the laboratory, all that is necessary is to place the living experimental 
vertebrate, or a part — tail, limb, etc. — of such animal, in water into w'hich 
cercarisp have escaped from the snail, care being taken that the dose of cercaria? 
is not too large, as in suoh case the excessive invasion of the liver may prove 
rapidly fatal. In man, as well as in experimental animals, the presence of 
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numerous exam[)les of this parasiU^ in the livt^r eause.s a li^avy ilepuaitiori of 
dark pigment (hsematoidin) in the interstitial cells. 

The intermediary hosts of this species arc Bvllinus ionlnrfiis (Kgypf)» 
B. dybowski (Egypt), B. innafii (Egypt and 8udan), B. Irunaitua (Palestine), 
B.forskali (Mauritius and J\(?nya), B. glohosus (Sierra L(‘one and NyasaJand), 
B, africanua (Natal), Isadora aroidea (Zanzibar), Planorhis cornens var. 
meAidjensis (Portugal). 

Fresh-water snails of the genus BulUnns have distinctive characters, and 
the opening of the shell is sinistral (Fig. 222). Annandale considers that all 
three sj)ecies, B. coutortus, di/bowskiy and inucsi^ are really varieties of Bull hius 



Fig. 222. — Fresh-water molluscs. Xai . si/.c. ( Orig.) 

1. IhiUinus contortus ; 2, B. dybotcski ; 3, B. innesi ; 4, B. africanus — ull intermediary hosts of 
B. liCEViatobia ; 5, Fhysa siibopaca^ a sinistral snail apt to la* mistaken for Bullhius ; Limncca 
laurenii, a dextral snail. 

truncatus (Audouin, 1809), of which Buliinus contortus (Michaud, 1831), 
(Fig, 222) is a synonym. The synonym of B, africanus is Physopsia africana) 

Bilharzia intercalata 

Synonym. — Schiatosoma intercalaium. 

A. C. Fisher has described this new sjjecies of Rilhar/.ia from tlie Upper Congo (Vakusu). 
The species resembles B. hcematohia and may be described as Iniiig half-way ^*,twet*n this 
species and B. bovis^ but none of tlie morphological characteristics, apart from the egg, are 
such as enable it to be clearly ditferentiat<*d. 

The male is 1*1-1 *4 cm. in ienrth by 0-3-0-4 mm. in breadth. The well-marked 
gynsecophoric canal extends from behind the ventral sucker to the tip of the postcjrior extremity. 
The cuticle is smooth as far back as the commencement of the gynmcophoric canal, and the 
rest of the body is covered with tubercles. P'ine spines cover the tulxTcIes. The alimentary 
canal resembles that of B. hcematohia. The genitalia are characterized by a testicular moss 
composed of an average number of four testes. The female measures 1-1 *4 cm. in length by 
0*16-0*18 mm. in breadth. Thr cuticle is smooth. Th'' arrangement of the genitalia and 
of the alimentary canal resemble those of B. hcenuUobia. 

The eggs difler considerably. In size the intra-uterin'* (‘gg averages 130 ^ bv 40 m, w hilst 
the measurements of the mature (*gg in the faoces of man and exp<Tiinental animals are 
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140-240 fi in length by 50-80 n in breadth. In shape they are distinctive. There are two 
extreme types ; on the one hand eggs of the short variety may bo confused with those of 
hcematohia ; on the other th»* long spindle-shaped eggs may resemble those of B. matthe^i or 
B. hods, but these never reach such largo dimensions (Fig. 223). Van den Bcrgh and others 
have thrown doubts upon the specificity of those eggs as distinct from tho?(‘ of B. hcBmntobia. 
I'hf'nt is great variation in size in the eggs of this species found in the tirine of natives in the 
Kantanga province of tl)e Congo. The spine of B. iniercaluta ovum may measure 20 /v. 

Spinster ” females are a characteristic of this species. They lead an independent existence 
presenting deviations from the normal. They are found when male worms are absent and 
alscj when tliey occur in smaller numlKTs. Their length is much shorter — 5-7 mm. by 0*15 mm. 

"i'lie snail intermediate ho.st is thought to be Jiullinus afriainus {Physopds africarui), which 
siiows a rlefiniU* seasonal variation in its distribution from December to April, when the wat<*r 
is high and the snail is very widely distributed. When the river falls in Mav the conditions 
for the snail Ix'eoine unsuitable, and it appt'ars that the main frxd- 
of infection are the local bays or harbours tm the UpptT Congo. 

3'he snail pnders stretches of shallow calm water containing de- j 

eaying vegetation. Itt June ntul July, 2-3 p«T cent, of the snails fill 
give off hiihar/ia (s'lcaria*. I / v / 

The adult bilharzia worms dt'seribed by Fisher v,vrv obtained \ / 

by immersing the tails of mice in cercaria- infected water. A male ^ 

sheep was also successfully inb'cted per o<f. The shortest p(*riod /\ A 

observed In'tween exposure and the appearance of eggs in the faices / \ /I 
of mic«' w as forty-one days. 'Fhe bilharzia worms were found (as / \ / \ 

many as llS pairs in copula) evenly distribubd throughout the { \ ( \ ^ 

portal system. The gravid females were never seen apart from I I \ / 

the male (>ven when engagetl in oviposition. Unisexual infesta- \ I \ / 

lions were eneo\it)tered. \ / \ / 


Bilharzia aiA>soNi (Sambon, 1907) 

Synonym . — Sch istosorna mansoni. 

In man the habitat of this trematode is the inferior 
and su]>erior mesenteric veins, the liaBmorrhoidal plexus, 
and the portal system. The bilharzia may best be 
obtained at aiito[)sy by squeezing out all the venous 
blood from the liver against the side of a glass vessel, 
when they will adhere to the side of the glass, and can 
he picked off. 

J’his tluk(‘ is generally distrihuUMi throughout Africa, 
being abundant in Egypt, the Congo, and West Africa. 
In East Afri('a it is found from Zanzibar to the Zambesi 
and inland through Northern Rhodesia and Tangan- 
yika. It lias b(X‘n recorded from Kenya, Uganda, 
Madagascar, Natal, and the Transvaal. It is common 
in the South American continent- -in Brazil, Venezuela, 



Fig. 223. — Outline 
drawings of eggs 
of (a) B. hcenui- 
tohia ; (b) B. inter- 
c(daUi ; (c) B. bovis. 
(After A. (j .Fisher.) 

Drawn to scale. 


and Dutch (iuiana, and in the Antilles, especially Antigua. It is thought 
that the extension of lectal hilharziasis to the New World was due to the 


exportation of slaves from West Africa. Cameron has found that tlie 
introduced West Afilcan green monkey (Cercopithecus sabmuis) acts as a 
reservoir of this infection in St. Kitts. 


Male. — I^ength, 1-1-2 cm. The body behind the ventral sucker is 
clothed with wart-like tuherculations considerably larger and more pro- 
nounced than in B. harnatobia (Fig. 122. p. 730). The intestinal canal bifur- 
cates at th(^ level of the ventral sucker, but the intestinal caeca unite early in the 
ankTior lialf of the body to form a long, single intestinal tract. The genital 
systei). (‘onsists of eight or nine small testes, with as many vam efferentia 
ojKming into the vesicula s(‘minalis. (Fig, 224.) 

Female, “liength, 1*2- 10 cm. As in the male, the intestinal caeca 
unite in the anterior half of the worm. 
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The ovary lies in the anterior half of the body, in front of the union of 
the intestinal caeca, and in consequence the uterus is very short and contains 
a few lateral -spined eggs, or more generally one, with spine directed posteriorly. 
The yolk -glands occupy about two- thirds of the body at its posterior end. 
The eggs (Plate XXXIII, 27, facing p. 1030) are 150 fx long by 60 /x in breadth, 
on the average ; the lateral spine itself measures 20 /x. Those obtained 
from the intestinal lesions differ considerably from the fully matured specimens 
in the faeces. 

The eggs are deposited by the female in the subterminal branches of tlie 
mesenteric veins, in the same manner as those of B. hrrrnafobia, and probably 
the lateral spine aids in forcing the way through the tissues into the lumen 
of the bowel. Faust and Hofmann found that some eggs ])a8s through the 


AS 




Fig. 224 . — Bilharzia rnatisoni. >: 10. {Orig.) 
(For lettering, see inscription to Fig. 219; o', lateriJ-8i)In(3(J egg.) 


rnuscularis mucosa; of the bowel-wall into the glands (jf the mucosa via the* 
capillaries ; oth(‘rs break out of the vessels into the submucosa and work their 
way through the substance of the tissues, or lodge in the submucosti and 
become the centres of infiltration. 

The miracidium is very similar to that of B. hwmatohia, but is said to 
be larger. 

Except that the species of intermediary host concerned are different 
development is identical with that of B, hcemaUAna (p. 907). In the space of 
10-15 minutes the miracidium penetrates into the tentacles of the mollusc, and 
produces thereby a swelling by which infected snails can be recognized. 
Within three or four days the miracidium becomes a sporocyst, which on the 
fifth or sixth day gives rise to daughter-sporocysts, and these; in turn migrate 
on the twentieth day to the liver. The cercaria^ themselves are jjnxluced 
by the daughter-sporocysts (Leiper). 

The cercaria was formerly thought to differ in measurements from that 
of B, hmnmtohiay but this has not been substantiated. 
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After penetration of the host the trematodes take about six weeks to 
reach maturity. Tiie females lay their eggs in the portal system, and 
eventually they are excreted by passing through the intestinal mucosa into 
the he(;(\s, and by this means escajwi to the exterior. 

Should the faec(;s be diarrhauc^, the escape of the miracidium from the 
egg may even take ])lace in the lumen of th(; bowel. Th(^ miracidia are 
attracted by light, and are thereby enabled to discai tangle themselves from 
the meslK's of the fa‘ces. 

In most countries the intermediary host of B. nuinaoni is a mollusc of 



Fig. 225. — Carriers of Bilharzia hcEmutohia and of B. nmnsoni in Egypt, South 
America, and West indies. {After Lei per.) 

A, Bnllinus conlortus (nat. si/e). B, Planorbis boissj/i (nat. sl/e). 0, P. olxvaceus; P. boissyi ; 
P. guadeloupmsis (two-thirds nat, size). 


the germs Planorbis (Fig. 225, B, C.) In a survey of bilharziasis in Sierra 
Leone, Goition, Davey and Peaston (1934) have shown that B. nmnsoni infec- 
tion is more common in adult native women than among children or adult 
males. The snails (P. pfeifferi) ])roved to be susceptible to infection by 
B. nmnsoni but not to infection by /?. hcematobia ; Planorbis globosa, however, 
proved susceptible to infection with B. hcematobia^ but not with B. mansoni. 
The intermediary hosts of B. nmnsoni are as follows ; Planorbis boissyi 
(Egypt). P. ale:ramlrinus and P. herbeni (Sudan), P. neosudunicus (Nyasaland), 
P. pfeifferi (South Africa and lUiodesia), P. philippici sub-anguhtus (Tunis), 
P. gibbonsi (Zanzibar), P. cvltratus (Venezuela), P. ghbiatus (North Brazil), 
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P. Brazil ; Dutch Cuiaiia),/*. Brazil),/^, yundcloupcnsl.'^ 

(\’cnezuola, i\ntigua), P. (intujuetwis (Antilles), and JhiUinus nfriravus (Natal). 

Btlhauzia japonica (Ivaturada, IIMM) 

Sy n o ny m . — S ch istosoma japon icu m . 

The habitat of B. japonica in the human body is similar to that of B, 
rnansoni. The adults of this species inhabit jirincipally the veins of the large 
intestine, but they have been found also in the gastric, 8n|)erior mesenteric, 
splenic, and cardiac veins ; occasionally, also, in the pulmonary arteries, rarely 
in others. It occurs as a natural infection in man, cat, ])ig, dog, horsc^s, and 
cattle {Bos sinicus), and under exjierimental (‘onditions can be transmitted to 
to monkeys, rabbits, mice, rats and guinea-pigs. J^argc numbers 
have been I’ound in man at autopsy, 
been recorded from an exjx'rimentally- 
infected horse. 

The parasite occurs commonly in Japan, 

China (Yangtze delta, the North River dis- 
trict, and Yunnan), Upper Burma (Shan 
States), and the Southern l^hilipjiine Islands 
(Samar and Leyte), in curiously restricted 
endemic foci, due to the local distribution 
of the intermediary molluscan host. 

This bilharzia differs from the other 
two sjiecies mainly in its smaller size and 
the absence of tuberculations on the in- 
tegument. (Fig. 226.) 

The suckers are placed close together 
at the anterior extremity of the body ; 
the acetabulum, or ventral sucker, is dis- 
tinctly pedunculated or funnel-shaped ; the 
suckei's and the ventral surface of the body 
in the male are provided with minute 
spines. Both suckers are relatively larger 
than those of B. hcernatobia. The oesophagus 
is provided with two bulbs ; the bifurcation 
of the alimentary canal takes place, as in 
B, rnansoni, at the level of the ventral 
sucker, but the union of the intestinal 
caeca is effected more posteriorly, the united 
gut occupying nearly half the total body- 
length. The excretory system consists of 
two longitudinal canals which open dorsally 
by the excretory pore. 

The male is 9-12 mrn. in length by 0-5 mm. in breadth. The genital 
system consists of 6-8 elliptically-shaped testes, situated dorsally to the 
acetabulum. The vasa efferentia join to form a common duct opening directly 
posterior to it, while there is also a large seminal vesicle. The posterior 
portion of the body widens out, the sides overlapping one another far more 
extensively than in the two preceding species.^ 

The female is 12-26 mm. in length by 0-3 mm. in breadth. The ovary 
is situated in the middle of the body, and the intestinal caeca unite immedi- 

1 Great variation is to be noted in the measurements viven by different authorities 
Katsurada has reported both male and female up to a length of 20 mm. 


and a count of 20, (KK) has 



rig. 226 . JiUhnriia jdpomai, 

male and female. lo. 


A.S., .Interior suekens ; ^viia co- 

})horic eaniil ; (i.o,, nitnl ojtenin^' ; 

I., intCHtine ; l.c., union of intestinal 
ca cn ; (KS., opsophaKus ; Oo., oiitype ; 
ov., ovary ; P.S., jjostorior sucker ; 

s.(i., shell-gland ; T,, t^sstes ; VA., 

viigina ; V.o., vitelline glands; V.s,, 

v(.*iculu Heinitialis. 
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aU'ly iM'liirid il. Tlir wcll-develoiHjd yolk-glaiiclH cxt^'iid alniont to the 
pOBterior ext remit y. Th(‘ utc'rus is wt*ll developed and oeeupies the anterior 
portion of the body; it may eontain oO or more eggs. 

d'he eggs aie oval, and are for practical purposes spineless ; when seen 
in the hect^s they measure 00-80 /x in length by 40-00 /x in breadth ; on 
(jareful examination they are found to be j)rovided with what may pass for 
a rudimentary lateral 8j)ine, in the form of a minute and easily-overlooktid 
papilla like the excrc*s(;encein a cu})-like depression ofthe shell. (Plate XXXIII, 
/J, facing p. 1030.) When measured in the uterus of the female, the eggs are 
(!on.siderably smaller and are about 07 fj, by 50 fx (Faust and Meleney). 

Probably the i‘ggs an* extruded from the blood-vessels in the same 



A 


B 


C 


Fig. 227. — Molluscan hosts of Uilharzia japonlca. ■: In. 

{After Fau,'!t and Meletuy^ “ Amer. Journ. of lly(j.") 

A, Onconuiania Jiosophoru. B Oncomelania formosana. C. Oncomelania hupeiisis. 

Thcsf' illustrutions as conii>aro<I witli the prcooditi;^ are very much enlarged to show detail. 


manner as has been described in the other sjxH ies ; they arc found chiefly 
in the walls of the intestine, the liver, pancreas, and mesenteric glands. 

The eggs are discharged in the fa?ces of the vertebrate host and, when 
carried into water, hatch into a ciliated miracidium. The morphology of 
this differs little from a similar stage of B. hcenuitobia and B. iminsoni^ but 
the cephalic glands, according to Cort, are smaller. 

The life-history takes place in a manner similar to the preceding. After 
shedding its cilia, the miracidium becomes a sporocyst in the liver and 
hermaphrodite gland of a fresh-water mollusc, Oncomelania nosophora, and 
allied species (Fig. 227.) The sporocysts are delicate, elongated, and finger- 
like, and in their intc^rior cercariau develop. Each sporocyst is capable of 
giving rise to fifty or more daiighter-sporoeysts. 

The oercarios, which develop in the snail sixty days after infection, are 
similar to those already described, but ai'e said to be smaller, being 0-48 mm. 
in length by 0 05 mm. in breadth. (Fig. 229.) 

58 
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The body of the oercaria is covered with minute spines. The oral sucker 
is greatly developed, occupying the anterior third of the body, and is on 
its free margin provided with a number of minute papilla? ; there are five pairs 
of periace tabular glands connecting with the oral sucker by means of ducts. 
There is also a single pyriform gland in the head, dorsal to the digestive 
tube. Narabayashi states that the cercariae are phototactic, and unable 
to survive a temperature above 50° C. or l)elow 2° C. When fully formed 
the cercariae escape into water and, opportunity presenting, })enetrate the 
skin of some appropriate vertebrate, in which th(?y attain maturity. The 
minute flukes can be found in the liver, measuring 150 fi. On the thirtieth 
day copulation takes place, and in the fifth week eggs apjx*ar in the fapces. 
The cercariic reach the lungs through the pulmonary arteries, and travel 
via the mesenteric arteries, mesenteric veins, and portal vein to the liver 
(Meleney and Faust). It has been pointed out by Campbell that eggs of 
B. japonica may not be found in the faeces, yet be demonstrated in material 
removed by the duodenal sound. 



Fig. 228. — Operculum and shell of Oncomdania no^tphord. Robson.) 

A, operculum, x 12, diagrammatic* to show scheme of coiling. B, Oral aspc*ct of hIicMI, > 4 . 
C, Lateral aspect of shell, showing labial sw'clling, x -1. 


Considerable confusion has existed with regard to the? correct nomen- 
clature of the snail hosts of B, japatiica in China and Japan. 

The genus has been variously named KaUiyanm (Robson, 1915) ; Hypsobia 
(Robson, 1921) ; Blanfordia (Pilsbury, 1915) ; and Hemibia (Heude, 1889). 

Annandale has concluded that all the known hosts belong to a single 
genus, of which the correct name is Oncomelania (Grcdler, 1881), family, 
Rissoidea. 

The shells are long and narrow, with many whorls, and with the breadth 
increasing gradually from the apex downwards ; usually they are 5-12 mm. 
in height. The basal whorl is never much broader than the one above it, 
and the apex of the shell, when not worn away, is sharp. The mouth of the 
shell is ovate, broadly rounded below. The outer lip is sharp, but on the 
external surface there is a coarse ridge. The operculum is very thin and 
transparent, of ovate outline, with a small spiral figure on the inner side. 
(Fig. 228.) 

All the species which are potential hosts of B. japonica in China, Japan, 
and Formosa live in damp places, but not in water, and bury themselves 
in earth when climatic conditions are unfavourable ; they continue to 
harbour the cercariae during this period, but do not void them. 

There is not much difficulty in recognizing this genus in China, but in 
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Japan it is closely simulated by the genus Blanfordta, whose shell is very 
similar in every respect, but the number of whorls is smaller and the contained 
snail differs considerably in having a proboscis-like snout. The following 


species are now recognized as earners 
of B. japoiiim. 

1. Oncornelania nosophora (Robson, 
1915). The only known carrier in Japan, 
and fjrobablv the main one in China 
(Fig. 227, A).* 

2. Oncornel/tnm formommi (Pilsbury 
and Hirase, 1905), distinguished from 
the preceding by its ndatively shorte^r 
and broader shell. Itapjx'ars to be the 
main carrier in Southern Formosa ( Yoka- 
gawa) (Fig. 227, n). 

3. Ouroniel^mid liupenmn (Grcdler, 
1881). This sjM'cies has l>een discovered 
to be the main carrier of infection in 
Kiangsu, C^iiiia, and closely resembles 
the last-named spiicies. It is found on 
the Vmnks of the hill-streams and of the 
canals of the plains ( Fig. 227, r). 

In Japan (Island of Sadi) the carrier 
is Blatifonlla japoniat : in the Philip- 
pines, /)'. quddnLsi. 

BiLUAiiziA Bovis (Sonsino, 1876) 

Bilharzia hovis, a parasite of cattle and sheep 
in 8outh Africa, Nouthern Europe and Malaya 
occurs occasionally as an accidental infection in 
man (Cawston). I’he eggs may be distinguished 
from tlioae of B. hrematohia by being longer and 
narrower witli a characteristic U'rminal spine; 
they are found in the faces and urine. In Kenya 
the intermediary molluscan host is Fhysopsis 
vasuta. It is possible, however, that there has 
been confusion with another bovine species, 
Bilharzia rnatlheei (Veglia and Le Koux, 1929), 
which has been found by hlackio in association 
with B. hcematohia in the vesical veins of man 
in Southern Rhodesia. The eggs measured 240 
ft in length by 70 p broad, and wert present in 
the urine, and on one occasion in the fajoes. The 
male measures 18 mrn. in length by 1 mm. ; the 
female 17-26 mm. The baboon, Papio porcarius, 
is the “ reservoir host.” The eggs of 5. incognita 
(C '/handler, 1920) have been found in the human 
foHH^s near Krishnagar, Bengal ; they resemble 
those of B. indica (of cattle) but are smaller in 
size and less regular in outline, and are probably 
those of B. unit!. 

Bilharzia cercaki.e 

Structure of the bilharzia cer- 
t arise. — The cercaria consists of a body 
and an elongated forked tail (Fig. 229), 
and measures about 0-48 mm. in total 



Fig. 229. — Cercaria of Bilharzia 
japonica, ventral view. < 240. 

(After Cort^ “ Univ. of Cfdifuniia 
Publications in Zoology f) 

as. Anterior spines ; b, excretory bladder ; 
eg, eophalic glands ; ern, circular muscles ; 
deg, ducts of cephalic glands; ds, digestive 
system ; exp, excrel orv pore ; /, llame-cell ; 
hg, head-gland ; , island in excretory 

bladder ; U, lobe f tail ; ni, mouth ; w, 
nervous aysteiu ; , stem of tail; r, rudi- 

mentary genital cells ; s, ventral sucker. 
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length. The outer cuticle of the body and tail is beset with microscopic 
spines. The body contains an anterior or oral and a median or ventral 
sucker ; the former is the larger of the two, and occupies the anterior third 
of the body. The central part of the sucker is occupied by oral glands ; 
in the midline runs the oesophagus, and on either side the ducts of the 
conspicuous periacetabular glands, wdiich open by small retractile papilla? 
surrounding the mouth. The contraction of the circular muscles compresses 
the ducts and expresses the secretion, indicating the method by which the 
cercariae burrows into the tissues of ite definitive host. The mouth oj)ening 
itself is small, oval in shape, and placed on the anterior surface, while the 
oesophagus begins at its lower pole. The ventral sucker is smaller but more 
muscular than the oral ; its cuticle is covered with small spines pointing 
to the periphery. 

The periacetabular glands are five in number, and consist of large clear 
cells with acidophil protoplasm and conspicuous nuclod. 

The primitive nerve -glanglion lies anterior to the ventral sucker ; posU?rior 
to the acetabulum is a mulberry-like mass of round cells representing the 
primitive genital centre. 

The excretory system consists of four pairs of flame-cells arrang(‘d along 
the margins of the body, and from these arise canals that form collecting 
tubules of a greater calibre which, running both forwards and backwards, 
meet at the posterior end of the body, and the duct is continuecl through the* 
tail, where there is also one pair of flame-cells. 

Cercariae arc distinctly “ phototactic,” and emerge from the sfiail in 
greatest numbers in direct sunlight, between 9 a.m. and 2 p.m. ; on dark 
days there may be no emergeiu^e whatt'ver. Their free-living existc‘nc(‘ 
appears to be limited to twenty-four to thirty hours. It is (‘stiniat(*d that 
50-1,000 cercariae are discharged daily from an infected snail. The o[)timum 
temperature for this development is .S2 33 ' and that of B. 7nanson} in 
Planorbis pfeifferi is from 15-35° C. 

In water the cercarite swim with ease, movement being accomplished by 
bending from side to side with lashing movements of the tail, which usually 
precedes the body, and when the surface of the water is reach(‘d the furci 
are stretched out at right angles so that the body and tail hang vertically 
downwards. When the water is disturbed the cercaria? immediately become 
active. Kept in a vessel or a tank, they adhere by jm^ans of the ventral 
sucker to the sides of the glass. In fixing on U) an object the cercaria 
elongates itself to nearly double its normal length. iMovement is eflfecteal 
by releasing the ventral sucker, contracting the body, and at the same time 
affixing by means of the oral sucker ; the larva can then advance considerably. 
The lips of the oral sucker can be extended or retracted to a great extent ; 
this probably serves a useful purpose and assists it in entering the skin. 

After their emission from the snail the (jercariae can survive for 24-36 
hours, but they require an abundant supply of oxygen. 

When it comes into contact with the skin or mucous membrane ol' a 
suitable intermediary host the cercaria casts its tail, pierces the epitludium, 
and gains entrance into the deeper tissues. Warmth appears to the main 
tactic factor. On entering the host the larva (sometimes known as a .schisto- 
Honiulum) loses its glandular cephalic; cells. After an incubation period of six 
weeks, mature females can lx; found in the portal vein with vv(‘ll-d(*V('lofK‘d 
eggs in their uterine cavities. 

There is no general agreement as to minor details of struc-ture in tli(‘ 
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l erciiria’ llic three huniati speeieH of bilbarzia. There are probably Home 
individual differeneeH in nize in varifms batches of cercarifc. They average 
about 0' t“() r> nun. in total length, (hi the* whole thow; of B. japoyiira are 
smaller. All have live pairs of salivary-mman periacetabular glands. 

Cermria elvoi (Miller, 1923), a fork-tailed cercaria of a bilharzia parasite, 
not occurring in mammals and which emerges from several sjxicies of Limncea, 
has b(‘en found by (Jort to produce a papular eruption on the skin of human 
subjecTs exposed to this infection. A similar condition was found among 
batlicrs in a lake near Cardiff during the summer of 1928, and is known 
as swimmers’ itch ” (we p. 684). In Malaya a similar condition is causi^d 
liy the cercaria of Hilharzia spiiidalis, the parasite of the Indian wabT buffalo. 

Amphistome Flukes 

(Jastrodiscoides iioMiKis (Lewis and MacConnell, 1876) 

(1. houimis is fotind in the cjncum and large intestine in the Malay States, Assam, India, 
( ocljin-Cliina. (’ases have been reported from other parts of the w orld, e.g. British (juiana, 
in immigrants from endemic areas. 

The nt)rmal hast of O. howinifi in Cochin-CJhina is the pig; it has also been found in a 
Napn inousc-dcer from the Malay States. Fresh specimens of this parasite are reddish in 
colour. In the living stat-e the body is very contractile and can be elongated to a length of 
1 cm. ]*n*8erved specimens measure .5-7 mm. in length by 3-4 mm. in breadth at their widest 
point. The body is divided into an anterior conical and posk*rior diseoidal portion, which 
forms a flatten(*d. ventrally concave di.se. On the ankrior conical portion, in the midline, 
2-6 mm. from the oral sucke*, is a prominent genital papilla in which is situated the common 
genital pore. The acetabulum is situattMi ventrally in the caudal portion of the body. It is 
circular, and measures 2 mm. in diameter. The cuticle is smooth ; no spines are present. 

Tlie alimr.ritari/ canal consists of a pharynx with two pear-shaped pharyngeal pouches, 
'fhe ersophagus is 1 mm. long, and ends in a muscular bulb ; at this point the Bifurcation of 
tlie intestine takes place, and both cieca run back as far as the anterior edge of the acetabulum. 

The male genital organs consist of two lobulated tesU?8 which lie diagonally in the space 
betwcH-ui the mk stinal cmca. A seminal vesicle is pn*sent, but there is no cirrus. 

The ovary lies in the niidJine of the body posterior to the testes ; it is ovoid in shape. 
The shell-gland lies at the side of the ovary, wdiile the receptaculum seminis lies in front of it. 
The ut< rus is short, and lies for the most part in the space between the tw o testes. lAurer’s 
canal is present. 

The vitellaria lie in the middle-third of the body, and surround the posterior halves of the 
intestinal caeca. 

The eggs are 151* in length, wdth a maximum diameter of 60 n ; an ojierculum is present. 

The life-history is unknown. 

\'ery little is known regarding the effect of this parasite on man, but it can ea.siiy be expelled 
from the inU stinal canal by thymol treatment, and by carbon tetrachloride. 

One other Amphistome, W'alsonius watsoni, has been recorded, once only, from man. Large 
numbers of tiiis fluke were found in 1004 in the upper j>art of the jejunum of a negro patient 
from South- West Africa. The normal host is probably a monkey. It has been reconled 
Imm ('ercopithfcus callitrichus in French (luinca. 

CE8TODES OR TAPEWORMS 

It is possible to divide the cestodes occurring in man into two large ordei-s 
u]>ai the alxive characteristics : 

i. — The Pseudophyllidea. Those with the false or slit-like suckers and 
elaborate internal structure. 

ii. — The (Jyclophyllidea. Those with cup-like or round suckers. 

PSE I ’ DOPIl Y ELIDE A 

DrniYLLOBOTHRiuM LATUM (Linnspus, 1758; Liihe, 1910) 

Synonym. — Dibothrioceplialus latus (Linn., 1758). 

This species lives in the small intestine of man, dog, cat, and bear, and is 
found in hlurope — especially Sweden, Russia, Switzerland, and Rumania; 
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V.G. 


Asia — Turkestan and Japan ; and Africa — Madagascar and LVntrai African 
lakes. In recent years it has been introduced into several of the big lakes in 
North America (Lake Michigan), 

Usually known as the “ broad fish tajKnvorm,” D, lainm is greyish in 
colour, and may attain a length of 10 metres. Multiple infections are not 
infrequent. The scolex, which is 3 mm. in length, has no rostellum or booklets, 
but is provided with two slit-like suckers, or longitudinal grooves, called 
bothria. The neck is thin, and the proglottides number 8,000-4,000. 

This worm is remarkably long-lived, and has been observed in one indi- 
vidual for a period of thirteen years. In Leiper’s ex})eriment it lived 
five years. After treatment he was the only one of the three exj)erimenters 
who did not expel as many tajKi worms as the number of plerocercoids 
swallowed. 

The mature segments are considerably broader than they are long. Details 



A, Dorsal, or male aspect. T., testes ; V.D., vas deferens ; V.G., vitelline glands. 

B, Ventral, or female aspect, c.p., cirrus pouch ; Ov., ovary ; P.(J., shell-gland ; lit., uterus ; 

Va., vagina ; V.U., vitelline glands. 


of the anatomy of the male and female elements in each segment are shown 
in Fig. 230. 

The eggs are brown in colour and operculated. They measure 70 /i 
in length by 45 fx in breadth. (Plate XXXIII, 21, facing p. 1030.) They 
occur in very large quantities in the faeces, owing to the fact that every mature 
segment is giving birth to eggs simultaneously, and that none of the segments 
are being lost as is the case of the Cyclophyllidea. The life-history of D. latum 
was first worked out by Rosen and Janicki in 1918. (Fig. 231.) 

After developing for three weeks in water, a ciliated embryo or onchosphere 
(six-hooked) appears within the egg-shell. This escapes through the oper- 
culum and by means of its cilia swims about in the water as a free -living 
organism for several days ; at this stage it measures 22-30 /a in diameter, 
and it is ingested by certain fresh-water Crustacea, Cyclops strenuus, Diap- 
tomus groicilis, D. oregonensis, in the intestinal canal of which, within a period 
of two to three weeks, it is transformed into a procercoid larva, ovoid in form, 
with a terminal spherical appendix which carries the six embryonic hooks 
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that were present in the onchosphere. The total length at this stage is 
50-60 fi. No more than two onchospheres can develop in an individual 


Cyclops ; the latter is in turn 
swallowed as food by fresh -water fish 
of many species, such as pike, perch, 
salmon, trout, and grayling ; in 
Africa by certain 8f)ecie8 of barbel, 
and in the United States by the pike, 
wall-eye and burbot. 

On reaching the stomach of the 
fish, the procercoid larva penetrates 
its wall and after three or four days 
appears in the body-cavity and be- 
comes encysted as a plerocercoid larva^ 
or sparganurn., in the muscular and 
connective tissues of the flesh ; it 
then measures 6 mm. in length. At 
this stage it develops characteristic 
cephalic grooves, nervous and ex- 
cretory systems. On being ingested 
with raw roe (caviare), or insuffi- 
ciently cooked fish, the plerocercoid 
develops, within a period of five 
or six weeks, into the adult Diphyl- 
lobothrium in the intestinal canal 
of man. 

Pathogenesis. — The symptoms 
produced by D. latum are usually 
trifling ; there is an early oosinophilia, 
and a severe anaemia has lieen known 
to ensue in a very small })ercentage of 
cases. This worm can Ixi expelled by 
filix mas and carbon tetrachloride as 
in other fonns of tcenia (see p. 823). 

DiPHYLLOBOTIIRIUM MANSONI (Cob- 

bold, 1882; Joyeux, 1928) 

Synonym. — IJihothriorephalus mansoni 
{CfMtold, 

Found in Japan, China, East Africa, 
Australia, and British (Juiana, t!jc adult I), 
mansoni is a common parasite of the dog, 
wolf, fox, oat, leopard, and tiger, and re- 
sembles D. latum in appearance, but differs 
in its more delicate struotun', and in .seldom 
attaining a length of HO- IOC cm. The eggs 
arc narrower and more ellipsoid than those 
of D. latum. 



Fig. 231. — Evolutionary cycle of Diphyl- 
lobothrium latum. Drawn to different 
scales. (Partly after Brumpt.) 

A, Egg of 1). latum ; B, hexacanth embryo ; c, 
ciliutod onehosphore or coraeidium ; n, K, K, 
development of larva, or procercoid, in 


S'pnrganum mansoni, as it waa first named 
by Cohbold, waa first described by Manuon 
in 1882 in making the post-mortt‘m exami- 
nation of a Chinese in Amoy; since that 
date about 00 cases have bt^onrcportijd. The 
subsequent experiments which determined 


Cf/clops ; O, procercoid in body-cavity of 
Cyclops ; H, development of ])lerbcercoids in 
fishes ; J, pleroeercolds of ditlorent shapes, 
ingested by man, dog, or cat. 


life-history were first carried out bv 


Yoshida, and afb^rwards confirmed by Okuraura. 


Sparganum ma^isoni is the plerocercoid stage of a Diphyllobothrium which usually attains 
its adult stage in dogs and cats. Under normal conditions the plerocercoid stage is passed 
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in a frog, Rana niqrnnvaculala^ or a snake, Klaphe climacophora^ and the procercoid stage in 
a cyolops, C. leuckarti. There are no special features in its devviopment to distinguish it 
from D. latum. 

Man becomes infected by accidentally swallowing the procercoid singe in the cyolops 
while drinking. He thus takes the place of the frog or snakt^ and becomes the second inter- 
mediary host. It has also been suggeiitod that the (-hinese custom of applying split raw frogs 
to sores on the hands may be the chief cause of infection with Sp. rnatuson i. 

The measurements of sparganum, as originally given, an> K-.‘h) cm. in length, 0*1-12 mm. 
in breadth, and 0-5-1 *76 ram. in thickness (Fig. 232). 

The body is flat, unsegmented, and transversely wrinkled. On the ventral surface there 
is, as a rule, a longitudinal median groove. No sexual organs are present. 

Pathogenesis. — In man the parasites may oeeur in practically any part of the body; 
they have been found in the neighbourhood of the kidneys and iliac fo.s.s:c, the pleural cavity 
and subcutaneous tissues. They have also bt'en found in the, \jr«‘thia. 

Ocular sparganosis. — Casaux and othera have described this condition as frequently 
occurring in and about the Tonquin delta. The pn'sence of tlie parasite in the orbit is 



Fig. 232. — Sparganum mansoni, extracted from an absces.s in a Masai. 
{After Snmhon.) 

a, Natural size ; b, anterior extremity ; <r, posterior extremity. 


characterized by pain, redne.ss and mdema of th(- eyelids, wdth lachr^unation and marked 
ptosis. The parasites have lx‘en found under the conjunctiva in Japan, and siniilnr periocular 
swellings are reported from China. It is probabh*, from rt^cent w'ork in lndt)-(,>hina, that 
ocular sparganosis is due to the migration of sparganum from the frog. The^e para.sik‘S have 
been recovered from the upper eyelid of a monkey experimentally inh'cted, and human cases 
have been recorded one week after the application of split frogs ns poultices. 

KeUer states that he has treated 12 cases successfully with intravenous injections of 
novarsenobillon. The dosage should be kept to a minimum— (i -.3 to 0*15 grra. for an adult — 
and the injection may be rt'peatfjd within four or five days, ^larsorrhaphy is undertaken to 
preserve the cornea till the worms have been killed. 

Diphylhbothrium mansonioideM is rcganled as the raatun- form of sparganum infection in 
America. Mueller described this as a separate species in cats and dogs. It differs from 
D. mansoni in having poorly d(5Vcloped bothria, with a scolex 0-2-0 -5 min. a.H again.st 0*4- 
0-8 mm. for D. manmni. 


SlAKGANUM FROLIFEllUM {I’lma, 1905) 

Tills parasite, which is thought to be the larval stage of a pseudophyllid worm, has Ix'cn 
found on two occasions encysted in the subcutaneous tissues, once in Japan ami the other 
time in Florida. 
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The larvie may Ix^ .’i-12 mm. in length by 2.5 mm. in 
breadth (Fig. 233). The body contains calcareous cor- 
puscles, E.xcretory canal and nerves are present. The 
parasites are usually contained in cysts, which can easily 
Ix! enucleated. 

In the cases reported, thousands of parasiU^s wer • 
pn'sent in the sulxiutaneoiis tissue, intramuscular 
fascial, walls of the alimentary canal mesentery, kidney, 
lung, h(‘art, and brain. 1 he prognosis of the.se ca.ses is 
grave, as the larval are liable to become disseminated 
throughout the body. 

Nothing is known further about the life-history of 
this parasite. 

C YCLOPII YLLJDEA 

T/FMa solium (Linn, 1758) 

Pork tapeworm 

"Pile pork tapeworm lives in tht; up|>er third 
of th(‘ small int/estine. The specific name, 
solium probably refers to the remarkable re- 
stMublaiu^e of the rostelluin to the conventional 
figiire.s of the sun. 

T. soliinn has a world -wide distribution 
('(K'xtensive with that of its intermediary host, the pig. For this reason it is 
unknown among Mohammedans, Jews, and other races that do not eat pork. 

1\ solium, the pork, or armed, tapeworm, generally^ attains a length of 
2-3 metres, ex(*eptionally 8 metres or more. The head, globular and roughly 
quadrangular, measures about 1 mm. in diameter. The rostrum is short, 
may l)e pigmented, and bears a double row' of 25-50 booklets. (Fig. 234, 3.) 
J’he four suckers project slightly and are circular, each measuring 0-5 mm. in 
diameter. The anU'rior proglottides are small, but broader than long ; 
w hereas the more mature are just the reverse of this — 12 mm. long by 6 mm. 
broad, luieh })roglottis bears one marginal genital pore with thick lips ; 
the situation of the yiore alternates irregularly between the right and the left 
margin. The uterus lies in the median plane and bears 7-10 stout diverticula. 
(Fig. 235, A.) The number of proglottides is less than a thousand. The 
terminal egg-laden and ripe proglottides become separated and pass out in 
the fieccis, wdiere they are capable of independent movements, even to 



Fig. 233, — Different forms 

of Spargautun priyliferutn. 
{After Ijinm.) 



Fig. 234. -Heads of human ceslodes, showing suckers and, when present, 
arrangement of booklets. Diagrammatic. 

1, II tjtnenolepis narui 'J, l>ij>ylidiuin caninum ; 3, Taenia solium ; 4, Tcenia saginata. 
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migration outside the anus. The eggs are globular or slightly oval, 31-50 fx 
in diameter, and have a vitelline membrane ; inside the radially striated 
shell is a six-hooked onchosphere (Plate XXXIII, 25, facing p. 1030). 

The mature segments become detached, four or six at a time, and pass 
to the exterior with the faeces, where, by process of disintegration, the e^ggs 
are set free. They are then taken into the alimentary tract of the inter- 
mediary host — in this case the pig — either in contaminated water or soiled 
food ; man himself may exceptionally become infested in the same way. 
The onchosphere now passes through the gut-waU and, gaining the blood- 
stream, settles down in the muscular tissue, loses its hooka, and becomes a 
cysticercus 5-20 mm. long, generally known as Cysticcrcus cdlulosw, in which 
a small invaginated scolex and neck is produced resembling in miniature 
that of the adult ta?nia. 



rig. 235.— Segments of tapeworms. To show characteristic branching of 
uterus, as seen in mature segments. 

A, Tcrnia solium, n, Tvrnia sayiuata. uf., Utenis ; (j.o., genital opening. 

{After Ji. Blanchard^ ill Brumjit's **’ Precis de ParasiUdogie.") 

In man, however, the cysticercus may develop in any organ, especially 
the muscles of the tongue, neck, or ribs ; less frequently in the liver, heart, 
lungs, or brain, where it gives rise to epileptiform convulsions and death (see 
p. 825). Cysticercus cellulosce has been recorded in the human eye ; in 
one case it is known to have persisted there for more than twenty years. 
The larvae may develop from viable eggs intnxluced into the gut as an acci- 
dental contamination, or as an auto-infection in a j)erson who has become 
infected with the adult worm. Clinically this variety of “ bladder worm ” 
is known as Cysticercus racemosus. 

Pork-flesh infested with this cysticercus is known as “ measly pork.” 

When the cysticercus is taken into the alimentary tract of man, or the 
definitive host, the bladder is dissolved by the gastric juices, and the scolex 
and neck are evaginated ; it then passes into the small intestine, where the 
scolex fixes itself to the gut-wall and procjeeds to form proglottides. 

The presence of the adult tsenise in the intestinal canal of man may be 
unaccompanied by any symptoms in the healthy adult, but in debilitated 
subjects or in children it may cause gastro-intestinal disturbances, anorexia, 
vomiting, hyperaesthesia of nervous origin, and severe anaemia. (For treat- 
ment, see p. 821.) 
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T^:nja SACiixNATA ((j^oezo. 17S2) 

Bkkf tapeworm 

This worm lives in the upjier part of the small int/ostino, and has a world- 
wide distribution — is found, in fact, wherever ox-flesh is (jaten. 

T. mgindla, the beef tapeworm, is whitish in colour and semi-transparent ; 
a fully adult example measures 4- If) metres, or even longer, and consists of 
about 2,(X)() segments. The sc(>Iex is pear-shaped or (Mibical, 1-2 mm. in 
diameter, with four lateral suckers, but without a rostellum or hooks ; the 
suckers are frequently pigment(*d. (Kig. 234, 4.) In })lace of the rostellum 
there is a sucker-like organ at the apex. The neck is fairly long and about 
half the width of the scolex. The proglottides gradually elongaUj as they 
become older ; the gravid ones are three or four times longer than they 
are broad. 3"he genital pore is single, and marginally-placed at the hinder 
end of each proglottis ; in position it alternates irregularly between the right 
and left margins. There are 20-35 laU^ral branches on each side of the uterus, 
and these in turn may actually ramify. (Fig. 235, B.) The eggs are more or 
less globular, 30 40 /x long and 20-30 fj, in diameter. ]Cac*h is provided with 
two shells — the egg-shell ])r()}K‘r, thin and transparent, and the emV)ryophore, 
thick and radially striated, containing the omdiosphere, with three pairs of 
embryonal booklets. (Plate XXX III, 77, facing p. 1030.) 

Several 8|x?cimens of human taiieworm — T. ajrimim, T, hominis, T, 
philrppiria, T. breinneri, T. confusa — have been described from time to time 
as belonging to n(‘w sjxH'ies, but they are now' held to be aberrant forms or 
immature example's of T. mginitUi. 

Abnormal forms of this taj)ew^orm are very common, atid have laxm 
described under various names — e.g. Tfrnia lophosoma. 

The gravid proglottides pass to the exterior either in the fseces or in- 
dependently by their own movements. Once outside the body they creep 
into grass or herbage, and there disintegrate. The eggs are taken into the 
alimentary canal of the ox, and the onchospheres are set free and pass into 
the small intestine. After boring their way through the intestinal wall they 
are carried to muscles in various parts of the body, more especially the 
pterygoids, the fatty tissues surrounding the heart, the diaphragm, and 
the tongue. Here they become cysticerci, as in the analogous T. soliumy 
7-5-9 mm. in length by 5-5 mm. in breadth. The cysticerci can live for eight 
months or tla'ieabouts in the ox, and can only develop further when ingested 
by man, the definitive host. When this happens the bladder is digested 
and the liberatcxl scolex jiasses into the small intestine and affixes itself by 
means of its suckers to the gut-wall. It is found that the cysts die when 
heated to a temperature of 48° C. 

In the definitive host the parasite may give rise to slight s^unptorns 
or may cause a certain degree of ancTPinia. (For treatment, see j). 821.) 

Larvai. Forms of T^]nia occurring in Man 

Hydatidy the larval form of Echinococcus granulosuSy the adult of w hich occurs 
in the intestine of the dog. 

(hjsti circus ceMuloscCy the larval form of T. solium y in normal circumstances 
occurring in the pig, but also in man. 

Cystic^rcus hovisy the larval form of T, saginatUy which normally occurs in the 
muscles of the ox, but has been reported in man on a very few occasions. 
Coenurus cerebralisy the larval form of Tomia (Multiceps) multicepSy normally 
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occurs in the brain of sheep, and passes the adult stage iu the intestine 
of the dog. One ease has been recorded in man. 

Coenu-nis glomeratus has once been found in a cyst on the chest- wall in man in 
Northern Nigeria, and is normally found in the gerbille. The hooks of 
the scoleces are distinctive. 

Echinococcus oranulosus (Batsch, 1780) 

Hydatid ; T.iiinia Echinococcus 

The adult worm is a parasite of the dog, wolf, jackal and fox, and occurs 
in the small intestine of these animals. It is common in Iceland ; in Asia — 
especially in Arabia ; in Africa — Algeria, Tunis, Egypt, Abyssinia, and the 
Cape ; in America — Argentina and Uruguay ; in Aus- 
tralia — Victoria and Tasmania. 

The larval stage of this parasite is the most striking, 
for after ingestion of the egg by the intermediate mam- 
malian host (sheep, cattle, pigs, camels or man), a hydatid 
cyst forms in the organs of the body, especially the liver. 

E. granulosus (Big- 230) is one of the smallest of 
ta|ieworms, 2*5-0 mm. in length. The scolex is 0* 3 mm. 
in diameter, irregularly globular in sha|)e, and is [irovidcd 
at its apex with a projecting rostellum which cames 
two circular rows of hooks of varying size and number. 
The neck is short and thick. Ilie proglottides do not 
number more than four, of w hich the terminal one is by 
far the longest, measuring 2-3 mm. in length ; it is tin* 
only one which is sexually mature, and may contain as 
many as 800 eggs. The genital ajK‘rtures are marginal, 
one to each proglottis, and have an alternate arrange- 
ment. The testes are spherical and numerous ; the cirrus 
pouch is large and pear-shaped. The uterus, tubular, 
and median in position, has short unbranched lateral 
diverticula. The eggs are slightly ovoidal in sha}K*,, 32-36 
granulosus. X 15. iLi in length and 21-30 fx in breadth. The onchosphere 
{After Leuckarty is provided with three pairs of embryonal booklets. 
in BrumpVs The egg is swallowed and in the stomach the shell is 

“ PrScis digested as the onchosphere escapes. Eight hours after 

Parasitologic. ) ingestion the parasite appears in the jiortal vein and 
reaches the liver, whence the embryos become filtered out ; 
the next filter is the lungs, where a smaller number of embryos become 
lodged. In three weeks it has become vesicular and just visible to the 
naked eye. In three months it has become 5 cm. in diameter, and within 
five has doubled its size. The wall of the hydatid cyst is comiiosed of an 
outer laminated fibrous layer formed by the host, a thick median striated 
layer secreted by the cyst, and an inner “ germinal layer ” from wdiich 
brood -capsules and daughter-cysts arise (Deve and Dew). 

Two types of development occur, (1) endogenous, (2) exogenous. In 
the former, proliferation takes place inwards towards the cyst-cavity, while 
in the latter it takes place in an outward direction. The varieties of 
hydatid are so striking that subspecies of Tienia have been described, 
especially in alveolar hydatid, which has a limited geographical distribution. 
Brood-capsulea are formed from small nuclear masses of the parenchy- 



Fig. 236. 

Echinococcus 
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luatous gcinninal layer ; later these become vacuolated to form vesicles. 
The larval scoleces arise from a local thickening of the wall of the brood - 
capsule. The wall of the capsule evaginates to form a protective cup for 
the growing scolex, but near the head end the cuticle thickens and a 
circle of booklets develops. There is a contractile part of the body of the 
scolex capable of invaginating the head, so that the typical resting position 
of the scolex has the booklets inside. (Fig. 237.) The free brood -capsules 
and the free scoleces in the cavity of the hydatid cyst arc commonly 
known as hydatid sand.” 

Da lighter -cysts arise inside the cyst, being produced by some injury or 
mechanical interference with the mother-cyst. They most commonly arise from 
the detfichcd germinal layer, but may also develop from brood-capsule cells, 
or, rarely, by vesicular changes from detached scoleces. Daughter-cysts in 
the liver are usually bile-stained. Deve and Dew found that intramuscular 



or subcutaneous injection of scoleces gives rise to new cysts. This would 
account for the dissemination of hydatid cysts through the bexly as sometimes 
happens after ojx^ration. 

Exogenous daughter-cysts, which in man are found in the omentum and 
in bones, ani secondary and are caused by herniation or rupture of both 
germinal and laminated layers through the weakened parts of the adventitia 
resulting from intracystic pressure. By the final exclusion of these hernia- 
tions new^ cysts are formed. 

Multilocular cysts are sometimes found, est)ecially in the lungs. In the 
liver a multilocular, or alveolar ^ hydatid was originally described by Virchow. 
It forma a solid tumour which on section looks like a sponge. The develop- 
ment of this lesion is characterized by a double process — a peripheral 
infiltration of the liver by th(^ parasitic elements and central necrosis of the 
parasitized mass. The metastatic lesions of this variet\' an^ remarkablv 
constant, no matter what organ may bo attacked. 

Dogs, foxes and jackals l)ecom(‘. infected with the adult parasite by eating 
the various organs, especially the discarded offal, of sheep, in which hydatids 
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occur. The cyst-wall becomes digested and the young taj)eworrn8 escape 
into the small intestine in the customary manner. 

Man becomes infected by too close association with the (common definitive 
host, the sheep-dog. The eggs are ingested by using the same dishes as these 
animals, or by kissing infected dogs ; and it is also }) 08 sible that houseflies 
may disseminate the eggs from the faeces of these animals. J’ersons of all 
ages are liable to infection, but the disease known as hydatid is more common 
in children under ton years. The symptoms to which hydatid may give 
rise are very varied, according to tlie site of the (!yst. They may include 
symi)toms of toxaemia, such as pyrexia, urti(;aria, and multiform cutaneous 
eruptions. On the other hand, the fully-develojx*d ('yst may appear as a 
tumour, especially in the liver, and this, on bursting, forms secondary cysts 
in other organs, or may suppurate and cause general peritonitis. In the 
brain, hydatids give rise to symptoms of cerebral tumour ; while those of 
the liver, spleen, and peritoneum are liable to simulate malignant growths. 
Hydatids of the lung give rise to symptoms of compression, with the formation 
of fluid ill the pleural cavity. The kidney may be converted into a mass 
resembling hydronephrosis. 

Diagnosis. — The cystic swelling may possess peculiar physical signs. 
If it is situated near the surface, a fluctuation, known as the “ hydatid thrill,” 
may be elicited, but if it is deeply seatt'd this is of little value. On puncture 
of the cyst with an exploratory syringe the scoleces and booklets may be 
recognized under the microscope. 

Three aids to diagnosis have been described : (1) The precijiitin reaction 
(Welch and Chapman), in which equal parts of preserved hydatid fluid and 
serum of the suspected case are mingled, the mixture then being incubat<*d 
for one hour at 37° C. Should the case be infected, a precipitate forms ; but 
one should note that exceptionally this reaction may be given by normal 
serum. (2) The complement-deviation reaction of Weinlx'rg and Parvu, 
for which th(^ generally -accepted Wassermann technique is emj)loy('d, using 
hydatid fluid (O’ 4 the antigen. Fairley consid(*rs that the best 

antigen is obtained by macerating the scoleces w itli absolute alcohol ; neither 
the extract of the cyst-wall nor dried hydatid fluid is satisfactory. Ditliculty 
has so far been exf)erienced in preserving the antigen in an active stab*. 
(3) M'he Casoni, or intradermal test, has bt»en well reporte*d upon by Kellaway 
and Dew , who find it of diagnostic value in 90 |x^r cent, of hydatid cast's. 
The fluid is obtained from sheep hydatid, and a few drops are instilled by means 
of a hyymdermic needle into the layers of the skin. Within ton minutes of 
injection, in a positive case, there is produced a large wheal, surrounded 
by a wide zone of erythema. This fades in an hour, to lx? followed in six 
to eight hours by a very large erythema wdth infiltration and tederna of the 
subcutaneous tissues. This reaction may be present for several years after 
surgical removal of the cyst. 

Life-history and pathogenesis. — There are two forms of hydatid w Inch 
occur in man — unilocular and multilocular (or alveolar) hydatid ; the former 
is by far the more common and important. Development takes place as 
follows : The gravid proglottis is evacuated with the fanies of the host, and 
by disintegration the eggs are set free. The larval form can develop in 
other mammals besides man — chiefly in the sheep, ox, pig, camel, goat, 
and rabbit — and may gife rise to severe or, it may be, fatal symptoms. 
The onchosphere, having passed througli the intestinal wall, develops into 
an hydatid cyst in the liver, lungs, kidney, jKjritonoum, brain, or genitalia. 
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but occuBiunally also in other situationH, such as the long bones, the heart, 
and the orbital cavity. The bladder thus jmxiuccd may attain the size 
ot a human head ; surrounding it then^ develof)s a fibrous layer formed 
from the host’s tissues. 'J’he cyst-wall itscdf consists of two layers : (a) a 
cuticular, or laminated layer, composed of a chitinous substance ; (6) a 
germinal layer, made up of an outer layer of small cells and an inner layer 
of larger ones, together with some muscular fibres, calcareous bodies, and 
glycogen. The bladder itself is filled with a clear, watery fluid with a specific 
gravity of 1(X)7~1()15, often containing a trace of albumin which is not 
coagulable by heat or acids, and which is possibly a pro- 
tein allied to casein. Sodium chloride is present to the 
extent of 0-5 j)cr cent. ; phosf)hatc8 and sulphates of soda, 
succinates of sodium and calcium, traces of sugar and 
inosite are also present. The intracystic toxin is most 
nearly allied to albumin. The alarming symptoms pro- 
duced by the accidental rupture of a cyst are probably 
anaphylactic in nature. 

There are two forms of unilocular hydatid — primary 
and secondary ; the one is caused by the ingestion of the 
hexacanth embryo passed in the dog’s facc^es, as described 
above ; the other by the implantation of a scolex which 
has been set at liberty by the rupture of a primary hydatid 
cyst. This scolex undergoes vesicular transformation, and 
continues to develop on the same lines as a primary 
hydatid. 

Under the designation jnultilocuhir, or alveolar hydatid, 
several authorities have described the larval stages of an 
echinococcus which differs from the development as given 
above. It was thought that the adult tapeworm might 
be a different species, and not E. granulosus, but this has 
been proved by Dew to lx; incorrect. The initial larval 
stages follow the same development as E. granulosus, but 
after a certain stage of development has been attained, 
the original cyst throws oft' germinal buds, which become 
multilocular or alveolar cysts. The liver is generally the 
seat of this infection, and appears honeycombed with the 
cysts, which have no cyst-wall. hig. 238. 

Surgical treatment in this case is almost impossible, lli/meudepis nana. 
though partial hepatectomy has been practised with Magnified, 
appaiont success by Hrins. 

The multilocailar form has a ]>eculiar distribution, being found in the 
Tyrol, Wurtemberg, Russia, and Siberia. 

llvMENOLEris NANA (Sicbold, 18o2) 

Synonyms. — Tcenia vann ; Jlymenolepia murina ; IL lonqior. 

U. nana was origiiittlly discovered by Bilharz in Cairo in 1851 : Grassi later believed 
it t-o be identical with II. Jratema of the rat, a view which has been confirmed by Wood- 
land as the result of his work in Lislxm. 

//. nana is limited to warm colmtrie^ . It is found in Egypt, the Sudan, Siam, Japan, 
the Southern States of the American Union, Brazil. Argentina, and throughout Europe but 
more especially in the warmer parts, as in Portugal, Spain, and Sicily, where, according to 
Calandruccio, 10 per cent, of the children are affected. This species inhabits the small 
intestine. 

The strobila of 77. nana varies in length from 6-45 mm. with the number of proglottides, 
which may be 100-200. (Fig. 2H8.) The scolex is subglobular and measures 139-480 /♦ 
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in diameter ; it is provided with a well-developed rostelluni iiriu(!<l with a single erown (»f 
20-30 booklets 14-18 /* long; the suckers are globular, and have a diameter of 80-160 //, 
(Fig. 234, 1.) The neck is long. The proglottides are very short anteriorly; farther down 
they increase in siy-.e, but remain broader than long. Only th<‘ hindmost segments may equal 
or ev'en slightly exceed their breadth. The maximum breadth of the proglottides is 0-6 -0*9 
mm. The genital pores open on the margin near the anterior border of each Hcgment. 
There are three testes in each segment; the vas deferens widens to form a seminal vesicle. 
The gravid uterus occupies nearly the entire segment. The eggs number 80-180 in each 
pn)glotti8 : they are oval or globular, and present two distinct membranes ; the outer one 
measures from 40-46 p in diameter, the inner one 20-34 /<. (Plate XXXIII, 20, facing 
p. 1030.) The latter exhibits at wich pole a more or less conspicuous mammillate projection, 
and encloses an onchosplicre with three pairs of embryonic hooks. The segments, when set 
at liberty, are partially digested ; the eggs are act free and appear in the heces, where 
they can b(; found by microscopical examination. 

No intermediary host is required, but the larval parnsite can enter a villus of the small 
intestine and become a cysticercoid or a cercocyslis^^ the pn)bable mode of evolution being 
baaed upon the analogous case of //. fratema in the rat, as worked out by Grassi and Hovelli, 
and later confirmed by Joyeux, Woodland, and Scott. 

In about 40-70 hours after ingestion the scolex lias appeared, and in 80-90 hours the 
rostellurn is provided with booklets. Then the parasite passes inte the lumen of the intestine, 
where it can be seen attached to the epithelium of the villus ith short neck and no trace of 
segmentetion. The rapidity of development varies somewhat, and, as a rule, various stages 
are found occurring simultareously in the same host. Strobilization is rapid ; tlu; proglottidet 
attain maturity in about 10-12 days, and about 30 days after infection the eggs of the p irasies 
begin te appear in the faeces. The development of the parasite witliout the aid of an inter- 
mediary host and without passing out of the body of the definitive host forms the single (ex- 
ception to the rule that cestodes do not multiply in the body of the definitive host. 

//. Tiana is very minute, but, tis a rule, it occurs in large nuiiibers — usually hundreds, not 
infrequently thousands. The most frequent symptoms rtqiorted by authors an) abdominal 
pain, which may, or may not, be {associated with diarrhoea ; oonvulsituis of various kinds, 
frequently epileptiform ; headache and strabismus. The nervous phenomena ore ascribed 
to the absorption of toxic products elalM)rated by the parasite. On account of its small size 
it is easily overlooked. Diagnosis is based on the presence of the cluiracteristic eggs in the 
faeces. Some care is requisite in looking for the eggs, because, owing te their transparency, 
they may escape observation. 

Treatment. — II. nana is expelled by male fern or by oil of clienopodium and carbon 
tetrachloride, but, in the Editor's experience, is not easy te dislodge. A patient harbouring 
this parasite should not sleep in the same bed with another person. 

Hymenolepis DIMINUTA (Kudolphi, 1819) 

II. diminuta is a parasite of rats {liatlus decumanus^ li. rattus, iind It. alexandrinus) and mice 
{Mu8 musculus and M. sijlvalicus), and has been teund in man in Italy. South America, the 
Congo, where it is quite common (C}i(*.sterman), and the West Indies, .‘<ome Hcv'cnte(‘n cases 
having been reported. 

The length is 20-60 cm., the breadth 3*6 mm. The he{id is very small, cuboidal in shape, 
with a small infundibulum at the apex in which is a rudimentary rostellurn ; there are four 
small suckers, unarmed. The neck is shorter than the head, and the proglottides increase in 
size, but are considerably broader than long. The eggs as they appear in the fjeces are circular 
or slightly ovoid, measuring 60-86 in diameter ; the outer shell is yellowish and thickened, 
with indistinct radiations containing a hexacanth onchosphero. 

The cysticercus stage takes place in the body cavity of certain insects, especially of fleas, 
Nosopsyllus Jasciatun, Xenopsylla che.opis^ PuIpx irritans, and also certain coleoptera and 
lepidoptera, Asopin {Pyralis) farinalis, Anisolabifi annulipes. Akin spinosaf and Scaurus striatux. 
Bacigalupo lists Derniestes oulpinus, P. peru vianufi, Ulosonia parvicoryiis and Einbia argenlina 
as intermediary hosts in South America. 

The rat itself is said to be easily parasitized by eating infected fleas. The cysticercoids, 
when ingested by their definitive host, become adult in 17 days. 

Dipylidium caninum (Linn., 1768 ) 

D. caninum is a common parasite of dogs, cats, and jackals. There are almost 100 records 
of its occurrence in man, most of them in children in European countries, and it lives in the 
small intestine. 

^ The term ccrcocystis was introduced by Villot to designate those cysticercoids wliich aro 
provided with caudal appendages. 
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The atrobila measures 15-40 cm. in length and has a maximum breadth of 2-3 mm. The 
soolex is a small and globular point 0-56 mm. in diameter. The rostellura, which can be 
retracted into an infundibulum, has three or four circles each consisting of 28-30 small booklets, 
14-18 fx in length. These booklets are of a characteristic “ n)8e-thorn ’’ shape. There are 
four elliptical suckers. (Fig. 234, 2.) The proglottides are very narrow, and number 200 
or more ; the more mature measure 2-3 mm. in breadth and 6-7 mm. in length, so that they 
are considerably longer than broad. 

There are two sets of genital apparatus in each segment, and the genital pores lie sym- 
metrically at the lateral margins. The uterine cavities contain egg-nests, each with 8-15 
which are round and measure 35—10 fx in diameter. The mature proglottides leave the 
intestine spontaneously. 

As a rule, D. caninum infections produce no untoward symptoms. The larval or cysti- 
cercoid stage takes place in the dog-louse {Trichodectes canis)^ in the dog-flea {Ctenocephalus 
cayiift), or in the human flea {Pulex irritans). 

According to Joyoux, the eggs are eaten by the larval flea, but the development of the 
hexacanth embryo, whicli lies in the adipose tissue and muscles of the flwi, is delayed until 
the stage of the adult flea is reached. Infection in man is caused by swallowing an infected 
adult flea. Treatment by Filix vias is the same as for other tiipeworms. 

Da VAIN EA 

The genus Davainea is characteri/o<i by the presence of numerous booklets on the suckers, 
as well as on the n)8tellum, where they are of a characteristic “ coal-hammer ” shape. The 
genital pores are usually unilateral ; in the ripe segments the uterus contains eggs. Normally, 
members of this genus are parasites of birds ; more rarely, of mammals. 

Three species have been recorded from man : (1) Davamea asialica — -one case from Russian 
Turkestiui ; (2) I). formosana — one from Formosa; and (3) D. viadagascariensis — eight 

cases from Mauritius, Siam, the Philippines, and British Guiana. 

The life-history is unknown. 


NEMATODES, OR ROUNDWORMS 

The nematodes are cylindrical non -segmented worms, usually tapering 
at both ends ; in colour they are white or yellow, sometimes semi-transparent. 

For illustrations of eggs of nematodes found in man, see Plate XXXIII. 

Ascaris lumbricoidbs (Linn., 1758) 

Round Worm 

This worm inhabits the small intestine of man and the gorilla. A. suilla 
of the pig is indistinguishable, morphologically, from ..d. Imnbricoides occurring 
in man, and has a world-wide distribution. 

The female measures 20-35 cm. by 3-6 mm. in breadth, the male 15-31 cm. 
by 2-4 mm. In colour they are pale yellow or brown, with whitish longitudinal 
lines ; in shape they are round, and taper at both ends. The mouth opens 
at the anterior end, and is guarded by thin lips which have finely denticulated 
margins. (Fig. 239.) The anus is subterminal. In the female there are paired 
genital tubes, each member containing uterus, receptaculum seminis, oviduct, 
and ovary. It is estimated that the tubules and ducts may attain a length of 
1,250 mm. The total capacity of the genital tubules at any one time is 
estimated at 27 million eggs and the average daily output at 200,000. In 
the male the tail is curved into a semicircle ; there are two rows of tactile 
papillae and two short chitinous spicules. 

The eggs (Plate XXXjlll, 7, 8, 9, 70, facing p. 1052) are elliptical, 50-70 fx in 
length by 40-50 p, in breadth, and are encased in a rough albuminous coat, 
giving them a mammillated appearance. They are usually more or less 
intensely stained by the faecal pigments. 

In the faeces the eggs exhibit no trace of segmentation or of differentiated 
embryo ; but if placed in water, or kept moist and in a warm place, in the 
59 
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course of one or u)ore mouths — Jouger or sJiorter accordiug t(i temperat ure 
— the larva is developed, and can be seen coiled up and moving about inside 
the egg-shell. Formerly it was held that, if such an egg were accidentally 
or intentionally swallowed, on arrival in the stomach, the shell would be 
dissolved away and the contained rhabditiform larva set free ; in a month 
it would grow into a sexually mature animal, and, if both sexes were present, 
eggs in countless numbers would soon be produced in the beces. 

This view of the life-history of A. lumhricoides was based on numerous 
experiments on man by Continental observers, and seemed to be 
justified. Stewart, however, has shown that, if ripe ascaris eggs are fed 
to mice and certain other rodents, the larvae, or a })roportion of them, on being 
hatched out, bore their way into the liver and lungs. In the latt<;r organs 
they appear in about a week’s time, and, if the dose of eggs has been a large 
one, may cause fatal pneumonia. In ex|)eriment8 made on 8ucking-})ig.s, 
this investigator found that exactly the siinie process takes place as in rats 




Fig. 239, — Head of Ancaris lumbricoidcs ; (a) ventral view ; (a) anterior view, 
showing oral labia. {After Faust.) 

and mice. For instance, he has found the larvae abundant in the lungs and 
trachea on the eighth day ; on the ninth they begin to travel down the 
alimentary canal, and on the following day appear in considerable nurnliers 
in the fajces, especially in the colon and caecum. They measure 1*3-2 mm. 
on the tenth day, and 1*75-2*37 mm. on the fifteenth. (Fig. 240.) 

Sometimes the larvae migrate into aberrant foci such as the peripheral 
glands, the thyroid, thymus, and spleen, and even into the brain and spinal 
cord, giving rise to odd symptoms. 

Later observations by Yoshida, Kansom, Foster, Fulleborn, and Brumpt 
have confirmed this work on guinea-pigs, rabbits, goats, sheep, and monkeys, 
while the experiments of Mosler and Lutz indicate that the same process 
takes place in man. It was proved by Yoshida by experiment on himself 
that the larvae from the lung of the rat 8-10 days old became adults in the 
intestine after a short space of time. Porcine ascaris larva3 in man and 
ascaris larvae in the pig are apparently unable to complete their development. 
Immature ascaris worms 1-10 cm. in length are frequently spontaneously 
evacuated from the bowel. An account of the pathogenic effects of the 
parasite is given at p. 803. 

Respiratory symptoms commence twenty-six hours to four or five days 
after ingestion of eggs and a clinical picture of lobar pneumonia is produced 
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by the migration of the larvae to the lung. This has occurred in controlled 
human cases such as that of the brothers Koino in 1922, and the disease 
is sufliciently striking to warrant the designation of Ascaris pneumonia. 



I'ig. 240. — Larva of Aacarifi lumhricoides recovered from the trachea of 
a rat eight days after ingestion of the eggs of the parasite. {After HrumpCa 
“ Precis dc ParasitologieP) 


It may also give rise to severe symptoms in its wanderings in the intestine 
and may eause intestinal obstrin^tion. 


PiivsAi.ripi'KUA CAUCASirv (v. Linstow, 1902) 

Synonym. — J\ mordena (I>eiper, 1907). 

This worm lives in the oosophagufl, Htomacli, and small intostine, occasionally the liver, 
'the normal host is a monkey. It is quite common in natives in Central Africa, and is found 
in J’ortuguese h^ist Africa, Uganda, and Nyasaland. 

Both sexes arc provided with a mouth guarded by two large lips, 

(Nich of whi(!h is armed with twti papilhe and two suiall rows of teeth. 

(Fig. 241.) 

The mnh is 14-50 mm. in length and 0-7 to 1 mm. in breadth ; the 
tail end is provided with two lateral al.-u which art? formed by ex- 
pansion of tlu‘ cuticle, supported by four pairs of pedunculated papillfe. 

In addition b) tbcHC there are six pairs of sessile papillaa and one 
unpaired postanal papilla, d’hore are also two spicules of unequal 
length. 

The fcrtialc measures 24-100 mm in length and 1I4-2 S mm. in 
breadth ; the posterior end tapers rapidly, terminating in a sharp 
point. There are two ovaries and a single uterine tube, and the xoilva 
is situated in the anterior part of the lK>dy. The eggs measure 45 p in 
length and 35 p in breadth, and are provided with a thick, smooth Fig. 241.— Head 
shell. The life-cycle is quit<‘ unknown, but it is believed that insects of Phi/saloptera 
serve as an intermediary host. The clinical aspects of this infection caucasica. (After 
hav’^e not been studied. r \ 



Ancvi.ostoma DUODENALE ( Dubiiii, 1843) 

“ Old-World Hookworm ” 

This parasite lives in the small intestine of man, occasionally in the tiger, 
young dogs, and cats. Originally confined to Europe, it has now spread 
to America, Africa, and Asia, and is found oven in northern countries, 
(Jermany and England, wherever humidity and temperatum are favourable 
to its development, e.g. the Simplon tunnel and the tin mines of Cornwall. 
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It is very common in Egypt, where it is the sole ivpivseiitative of the hook 

worm in man. 

Both sexes are cylindrical ; in colour they are white, gi-ey, or reddish^ 
brown from the presence of blood. 

The male measures 8-11 mm. in length and 0-4-0-5 mm. in breadth. 
(Fig. 242.) A copulatory bursa is present, the dorsal ray of which 


, anus; ro ci i>h.. ce])hall(: 
nerve commissure; yl. ci ri., 
cervical gland ; nn nl.ctrv,^ 
nucleus of cervical gland ; 
(i. t'j., ejaculatory duct; 
testes; r.s., vesicula semiu- 
alis; spicules; 

vaginal opening; jai/\ ccn-., 
cervical pajtilla; />. f / ., ex- 
cretory pore. 



Fig. 242.— Anriflostorna duodettalc, male and female, x 14. {After Jj toss.) 

(For actual size, acc J'ig. HiC.) 


is divided towards the distal end into smaller rays, which in turn bifurcate 
into three unequal portions (Fig. 244). Two long'and very delicate^ spicules 
are present. 

The female measures 10-13 mm. in length by 0*6 mm. in breadth. 
(Fig. 242.) 

The number of ancylostomes recovered at autopsy may number 500-1,000 
or more. Individuals are apparently long-lived, their life-span being between 
four and five years. The interval between active infection and the dis- 
ajipearance of eggs from the faeces averages, according to Kendrick, about 
seventy-six months. The maximum egg-output is reached in a period of 
fifteen to eighteen months after infection. The body is cylindrical and slightly 
expanded posteriorly. The vagina is situated in the posterior third of the 
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Tig. 243." Section through the duodenum showing the method of attachment 
of the ancylostome to the wall. {After Esnu ja.) 

L., I<‘ticocyto innitnifioii ; N., zone of iiecrosi.s ; li., ftlood-vessels ; <t., ^'Innds of Lieberkiilm 
ilisrui'ted by the aneylostonie. 

body. The greatcir part of tlie body-cavity is occupied by the ovary and 
mucli-coiled uterine tubes, containing (characteristic eggs. Owing to the 
situation of the genital openings in both sexes, the worms in copulation 
assume a Y-shaped figure. 

There are two well-marked cephalic glands, which occupy the anterior 
third of the body in both sexes, and secrete a ferment that prevents the 
clotting of blood { Fig. 243). The buccal capsule is lined with ehitin, and contains 



Fig. 244.— Bursa (a) and head (b) 

of A. dvodenale S {After Looss,) 



Fig. 245. — Head of A. duo- 
deuale, showing hook-like 
ventral teeth, x 50. {After 
Loo^s.) 

C.O., Cephalic gland ; ll.P., head 
papilhn ; P.T., pharyngeal teeth ; 
V.T. ventral teeth. 
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two pairs of sharp teeth, which lie on the ventral aspect of the buccal cavity ; 
the opening of the mouth is not terminal, but is directed towards the dorsal 
surface (Fig. 245). The eggs^ elliptical in sha]x\ with a trans])arent shell, 
measure 60 fi in length by 40 fx in breadth. When freshly deposited they 
contain 2-4 blastomeres each. (Fig. 246, Plate XXXIII, 14, facing p. 1025.) 



/ 


Fig. 246. — Developmental stages of the larva in eggs of A. diKHlcnaJc. {a), 
{h) and (c) are seen in fresh stools ; {d), (c) and (/) when the slool is 
stale. 300. {After L<k)s.s.) 

For more details of life -history and pathogenesis, sr e pp. S0() Si 3. 


Ancvlostoma bkaziliense {(Joniez, 191(1) 

This parasite was originally found in dugs and cats in J^razil ; sljortly afterwards it was 
desciibed, under the natno of A. ceylavicuvi, in the civet cat in Ceylon. For a long time these 
were considered to belong to two distinct species, but they are now regarded as identical . 

A. hrazilip.nse is found to be fairly common in mixed “ hookworm ’■ infections in man in 
India, the Malay States, and Siam. It is considerably smallt'r than A. duoJevale, snd the 
internal pair of ventral teeth are very much smaller than the corrosjxmding t/ceth of A. 
duodenale. The formation of the rays in the copulate)iy bursa also differs (Fig LM7j 
The male is 8-5 mm. in length, and th*^ female 10 mm, ; the former has ii distinctive 
bursa. The eggs of A. hrazilien«e are indistinguishable from those of A . 
duoderiale. The larv'aj fretjucntly penetrate the human skin and in 
doing so cause an extensive and irritating# eruption. Kirby-Smith, 
Dove and White (1925-1928) have shown that it is this species 
which is responsible for the “ ert^eping eruption ’ of the Southern 
Unit<‘d States (.see p, 852), The signs and symptoms of this infection, 
ae(!ording to lionne, do not differ from those [U’oduced by . 1 . dundvinde. 

Negator AMERiCANUS (Stiles, 1902) 

N. americanus lives in tiie small intestine of man ; 
it also occurs in the gorilla, Patas monkey, and rhinoceros. 

This species was originally diseovereci by Stiles in cases 
of ancylostomiasis in America, though its range is by no 
means confined to the New World, as its name would 
seem to indicate. It has been found southwards from 
Virginia to Brzd, in Central and West Africa, in India, Ckjylon, the Pacific 
islands, Malaya, and the Philippines. Probably it is as widely diffus€;d as 
A. duodenale , in Ceylon and India it is the commonest species encountered. 

Originally a parasite of Africa and Asia, it was introduced into the New 
World by African slaves. 



Fig. 247.— Dor- 
sal ray of An- 

cylostonia hrazi- 
iUivse. {After 
Leiper.) 
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N. arnerimnus (Fig. 248) is a shorter and more slender worm than A. 
duodenak. 

The male mf^asures 7-9 mm. in length by 0*3 mm. in breadth. The caudal 
bursa possesses a short dorso-mcdian lobe which appears as if divided into 
two ; the dorsal ray branches at its base into divergent arms with bipartite 
tips, instead of tridigitatc; as in A. duodemik. The common base of the 



Tig. 248. XfCdtor americcnuis. 
. 12 . { After Placcncia.) 



m 

Fig. 249.— Bursa (a) and head (b) 

of iV . anierican us. { A ftcr Looss.) 


Fig. 250.— Head of Nccator 
americanu.'i^ showing pha- 
ryngeal teeth (p.T.) and 
ventral plates (v.p.). x 50 . 



dorsal and dorso-lateral rays is very short. (Fig. 249.) There are two 
sejjarate spicules, which unite to form a single terminal barb. 

The female measures 9-11 mm. in length by 0-4 mm. in breadth. The 
vulva is placed slightly in front of the middle of the body. Copulation 
(if 8ex(‘s, as in the A. duotlenaky tiikes place at the same Y-shaped angle. 
The patliogenic effects are similar to those of the preceding species (p. 809). 

The buccal capsule is smaller than in A, duodemle and presents an 
irregular border ; in place of four hook-like teeth, it has a ventral pair 
of cutting plates ; the pair of dorsal teeth is likewise represented by a 
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pair of slightly developed chitinous plates of the same nature. The outlet 
of the dorsal gland, usually called the dorsal rib or tooth, projects pro- 
minently into the oral cavity. Deeply placed in the capsule are one pair 
of dorsal and one pair of ventral submedian lancets. (Fig. 250.) The eggs 
are slightly larger than those of A. duodenalcy and measure 64-75 /x in 
length by 36-40 (jl in breadth. 

Summary of the life-history of the hookworms. 
Eggs (Fig. 246). — Deposited in the human intestine, with 
two, four, or eight blastoineres ; on reaching the outer 
world they give rise in twenty-four hours to — 

Rhahditiform larvce. — Moult on the third day ; on 
the fifth day the pharyngeal bulb disappears ; a second 
moult takes place and they become filariform larvae, 
having a simple muscular cesophagus and a protective 
sheath ; this is the infective stage, and they gain en- 
trance to the body by penetration of the skin or buccal 
mucous membranes. (Fig. 251.) 

On penetrating the skin the 
sheath is left behind, and the 
larv® enter the lymphatics, 
whence they gain the blood- 
stream and make their way 
to the lungs, which they reach 
on or about the third day. 
Breaking through the thin- 
walled alveoli and the lung, 
they effect entrance into the 
bronchi, thence via the trachea 
and a‘8ophagus into the 
stomach ; during this migi-a- 
tion the third moult takes 
place, and a terminal buccal 
capsule is formed. On arrival 
in the intestine, which occurs 
about the seventh day, the 
fourth moult takes place, and 
the terminal buccal capsule is 
changed for what is known as 
a “ provisional buccal capsule,” 
Fig. 251. — (tt) Mature larva ;(/>) rhabditiform which has a mouth-opening 
larva x 120; and (c) head of larva of A. directed dorsally as in the adult 

M,, mouth ; N., nerve ring; Oes., cesophagua ; Ini., Worm, but has nO teeth. On 

intestine; Oen., genital cell ; An., anus. Or about the fifteenth day after 

{Partly after Looss.) entry into the body the pro- 

visional buccal capsule is cast, 
and the worm takes on its adult form, both the adult buccal capsule and bursa 
of the male being now developed. The worms become sexually mature in 
three to four weeks, copulation takes place, and fertile eggs are laid. 

In the filariform infective stage the larva, by reason of its sheath, is 
able to withstand a certain amount of desiccation and extremes of temperature 
for a considerable period. There is evidence to show that the larvae can 
exist alive in warm, damp soil under optimum conditions for upwards of 
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two years. The larvae are markedly thermotropic, and on the application 
of a warm surface, such as the sole of the foot or any part of the body, they 
are immediately aroused to activity and attracted to that spot (see also 

p. 808). 

The differentiation of the third stage ancylostome larvae is given by Eisma 
as follows : 


Necator. 


Ancyhstoma. 


Oral Capsule. defined; equally i Hardly visible ; more marked 

visibledorsally and ventrally.j dorsally than ventrally. 

Tail. Ilather blunt. Pointed. 


Zone of ('losing (.'ells. Leaves only a small space Leaves considerable space, 
botwtien oesophagus and 
intestine. 

As a distinguishing feature between two ancylostomes, the striation of the sheath is 
indistinct in A. duodenale, very distinct in A. brazili^nse. 

(Ksopiiagostomum APiosiOMUM (Willach, 1891) 

This worm inhabits the caecum and colon of monkeys in Africa, the Philippines and China. 
It is found in West Africa, especially Northern Nigeria. It is known to occur in the many 



Fig. 252. — (Eaopha^ostomum apioslomum {hrumpti). {Partly after Railliet 

and Henry.) 

A, Head, showing cuticular expansion and oral vestibule, u, Tail of female. C, Tail of male, showing 

copulatory burea. 

a., Anus ; Ch, ventral cleft; OR., vaginal orifice; K., characteristic rays of bursa; Bp., spicule. 

species of Old World monkeys. In Northern Nigeria it is found in about 4 per cent, of 
prisoners in the jails. 

In both sexes there is an ovoid expansion of the cuticle at the anterior end, which 
is limited in front by a salient oral ring and posteriorly by a constriction w hich is especially 
marked on the ventral surface 200 // distant from the oral vestibule ; this in turn is provided 
with a crown of 12 sharp, chitinous plates directed forwards and inwards. (Fig. 252.) 

The rmU is 8-10 mm. in length by 0*35 mm. in breadth ; the copulatory bursa has 
a dorsal ray which bifurcates into two branch^, forming a horse-shoe-shaped structure 
each limb gives off a short lateral horn near its base. (Fig. 252, c.) 
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The female is 10 mm. in length by 0.325 mm. in breadth. Posteriorly she terminates in 
s sharp point ; the vulva is situated in the anterior half of the body. 

The eggs are passed in an advanced stage of development, and measure 60 // in length 
by 40 p in breadth, and closely resemble those of ancylostoma. 

The life-cycle of this worm is probably as follows : The larvas (rhabditiform stage) are 
swallowed and pass undigested through the stomach and small intestine, and on arrival in 
the caBCurn exsheath and invade the wall, where they cause nodule-formation. 

These worms are found both free and encysted under the mucous membrane of the large 
gut, usually in the cajcum. Jn monkeys it produces a condition rosomfdini' /^>lt/pos’s ivicUhn. 





Fig. 253. — Terriidens deminutus, female. {After Leiper.) 

1 , Anterior extremity. 2, Posterior extremity. C.K., corona radiata. II.C., buccal cavity. 

Ch.P., chitinous plates; N.K., nerve-ring; CRs., msopbagus ; Ch.I., chyle intest. 

Ut., uterus ; Vag., vagina ; V., vaginal opening ; 11., rectum ; A., anus. 

CEsoPiiAOOSTOMUM STKPn ANOSTOMUM (Ilaillict and Henry, 1909) 

This species, winch was discovered by Foy in a West African native, is also a parasite 
of monkeys and the gorilla. In general characteristics it nsembk's the above, but the 
measurements for both sexes are nearly double the size. It has also been found by Joyeux 
in French Guinea and l)y Johnson (1933) in Northern Nigeria. The c'ggs in the fieces are 
liable to be mistaken for those of the ancylostomc. This worm is common in the ink'stinal 
tract of monkeys, especially Cercopilhecya caUitrichus. 

If the infection is severe the worms may give rise to dysenteric symptoms. The case 
described by Thomas in 1910 in a Brazilian with septic peritonitis was due to the subspecies 
0. stephanostomum var. Thomasi. 

Ternidens deminutus (Railliet and Henry, 1905) 

This parasite inhabits the large intestine of monkeys, Macacus sinicus, M. cynomolgus 
Cercopithecus pygerythrus and Papio porcarius, and has been found in man, being a not un- 
common parasite of man in the Transvaal and in Ny^isalaiul, but, unless it occurs in 
large numbers, it is of no pathological importance. 

The worm resembles a fenuile anoylostome in size, but the anterior extremity is not 
bent as in the hookworms, and the mouth-capsule opens terminally and has a corona of 
setfls. At the base of the large cup-like buccal capsule are three serrated teeth which 
guard the entrance to the oosophagus. These teeth are characteristic of the genus 
Ternidens, (Fig. 253.) 
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Tha male iR ',< 5 mm. long hy 0 56 mm. broad. The dorsal ray of the wpulatory buisa 
divides into two towards its distal »>xiremity, end each of the l)ranche8 formed again 
bifurcates. (Fig. ‘jril.) 

The female is 14-16 mm. in lengtJi and 0*7.‘l mm. in breadth. The genital orifice is posterior 
and Hubterminal. The vagina is short and opens into two 
uterine tubes. The eggs, which resemble thost* of N. americ- 
anus, are delicate, transparent, and oval, measure 84 fi in 
length by 40 n in breadth, and are passed in an advanced stage 
of segmentation. (Fig. 255.) The life-history has been partially 
worked out by Sandground (1931). A rhabditiform larva, 
0.3 mm. in hmgth with a fiagcllum-like tail, hatches Jout from 
the egg. The sheathed infective filariform larva is 0. 6-0.7 mm. 
in length. The larva can withstand desiccation, reviving on the 
addition of w'ater. It is thus equipped to withstand protracted 
Fig. 254.-Bursa of jK-riods of drought. Tliese Jarvie fail to penetrate the human 

Ternidens demi- skin. 

nuius, , {After 

Brumptf) Trichostrongylus ooLUBRiroRMi.s (Giles, 1892) 

This nematode occurs not infrecjuently in the upper part of 
the small intestine, in India, Japan, Egypt and (Central Africa. 

Originally described by Looss in man, it is nornuilly a parasite of the sheep or goat ; it is 
found fn*quently in Japan and Korea. By using the floatetion technique in detection of the 
eggs in the fieces, l.rfine finds it is commoner in the faeces of ancylostome patients than has 
been supposed, and (Chandler records it in 10 per cent, of cases in Assam. The females (Fig. 25().\) 
greatly outnumber the males and measure 4-6-6 mm. In colour pale pink, the anterior 
extremity is attenuated. The vulva is situated in the posterior quarter of the body. The 
male (Fig. 256n) is 4-5 mm. in length by 0-07 mm. in breadth and is provided with a bilobed 
copulatory bursa and two spicules. This parasite does not occur in large numbers in man ; 
the mouth is unarmed, and on this ac(K)unt, as well as of its small 8iz(‘, it does not give rise to 
any particular symptoms. The eggs (63 /i by 41 /i) are relatively large ; they are oval, thin- 
shelled and contain a morula at oviposition. (Plate XXXIII, 15, p. 1025., On account of 
their general resemblance they are apt to be mistaken in faeces for those of the ancylostome, 
but they are more translucent and smaller in size. When large numbers develop in the human 
intestine, they may produce a severe secondary anaemia. The Editor has not infreijuently 
found the eggs of this parasite in the stools of lascars and other Indians, but in Europeans it 
is vtTy rare ; he hos treati-d two cases from Kenya in husband and wife. 

'The eggs of this parasite hatch outside the body of the host and the rhabditiform larvaa 
mettimoqDhose inhj the infective filariform type in six days, at 22 to 25® C. They enter the 
body either through the skin or via the mouth, following the same course of development as 
the ancylostome. 

The Eivstern form has l)cen sejMirated as Trichostrongylus oricninlis. 

A thirtl sjiecies — Trichostrongylus probolurus (Kailliet, 

1896) occurs as a natural infection in the gazelle and the 
camel, and has also been found in man. Its life-history is 
similar to that already described. These w'<irms can be 
expelled by carbon t<*trachlorid('. 

8trongyloii)ES STERCORALIS (Bavay, 1876) 

The parasitic form of this nematode lives in 
the submucous tissue of the small intestine. 

It has an almost world- wide distribution, but 
is especially common in Brazil and Cochin-China. 

The parasitic form is generally considered to be 
a parthenogenetic female, 2-5 mm. long by 0 034 
mm. broad (Fig. 257, 7), but it is now claimed by 
Kreis (1932) that a parasitic male exists, and that Fig. 255.— Egg of Ternidms 
it has a shorter, broader body than the female and {After Blackie,) 

the (esophagus conforms to the characteristic 

rhabditiform type. Later, two copulatory spicules and a gubernaculum 
became apparent. The fully adult parasite resembles the free-living male. 
It appears that this male, by a process known as reversive metamorphosis. 
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has lost its a bill t}' to penetrate the tissues and remains a lumen parasite. 
The body of the parasitic female tapers anteriorly mid ends in a conical tail. 
The mouth has three small lips which give access to an (esophagus occupy- 
ing a quarter of the length of the body. The vulva is in the posterior third 
of the body, and the prominent uterus contains 50 eggs measuring 50-58 
long by 30-34 fx broad. The eggs are laid in the lumen of the bowel in a v^ery 
advanced stage of development. Hatching almost immediaU;ly, they give rise 
to rhabditiform embryos which measure 0-2-0-3 mm. in length by 0*013 mm. 
in breadth ; these possess the characteristic double-bulbed cesophagus, and 
may easily be confused with the rhabditiform stage of Ancylostorna or 
Necator (Figs. 257, 2, and 251). In this stage the embryos are passed in 
the faeces. In three to five days the larva? develop into free-living male 
and female forms. 

Both sexes possess a remarkable rhabditiform or double-bullied muscular 




Fig. 256. — Trichosfrongylus colubriformis. A, female ; B, male. >; 25. 

oesophagus. The male free-living form measures 0*7 rnni. in length by 
0*035 mm. (Fig. 257, J). The tail is curved ventrally, and two spicules and 
an accessory piece are present. The female free -living form measures 1 mm. 
in length by 0*05 mm. in breadth. The vulva is situated a little behind 
the middle of the body ; the uterus usually contains several thin -shelled 
eggs, 70 (I in length by 40 in breadth (Fig. 257, 4). Copulation between 
the sexes takes place in the faeces, and, as a result, rhabditiform embryos are 
produced which are indistinguishable from the rhabditifonn embryos derived 
from the parasitic female. 

These rhabditiform embryos, after three or four days, develop into long 
filariform larvae which are the infective stage of the parasite and which may 
re-enter the definitive host via the skin or buccal mucosa in the same manner 
as the embryos of Avcyloatoma and NemUir gain entrance into their host. 
The filariform larvae find their way into the small intestine and develop 
there into the parasitic, parthenogenetic female form. In certain circum- 
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stances, e.^. unsuitable climatic conditions, the sexual phase which takes 
place in the faeces may be omitted, and the rhabditiform embryos pro- 
duced by the parthenogenetic female may directly develop into the 
filariform embryos which are capable of infecting the definitive host. 
(Fig. 257, 5.) 

A significant discovery has been made that the directness or indirectness 
during the free-living phase is contingent solely upon environmental factors. 



Fig. 257. — 1/lfe-hlstory of Strougyloides stercoral is. >: 30. {After Lck>ss.) 

1, (Parasitic) i)artljenop:en(*ti<' female; 2, rhabditiform embrvo ; fully-grown male; 4, fully-growu 
female ; 6, fully-developed fllariform larv a. 

A., anus; A.G.o., combined anus and genital pore; G.o., genital opening; G.r., primitive genital 
organs ; l., intestine ; N.u., nerve-ring ; (i:s., cesophagus ; ov., ovary ; K.v.s., rudimentary 
vesiculu seminalis ; t., testis; rx., utenis; V.D., vas deferens ; v.S., vesicula seminalis. 

Optimum conditions produce continuous free-living rhabditiform generations, 
while unfavourable ones shorten free-living developmental metamorphosis. 

The filariform stage of Strongyloides is liable to be confused with that of 
the same stage of Ancylostoma or Necafor, but microscopical examination 
will reveal the fact that, whereas in the former the oesophagus is about 
half the length of the body, in both the latter it occii])icH but a quarter (see 
Fig. 267, 5). 
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Subjoined is a summary of the life-history of S. stercornlis : 

Evolution of S. stercdulis. — Parasitic intestinal form, gives rise to — 

which, hatching in the intestinal canal of man, give rise to — 

First rhabditiform larvce in the faeces. At high atmospheric U'linx^rature 
these larvae give rise either to infective or to sexual forms, which copulate, 
and the females lay 

from which emerge — 

Second rhabditiform larvce. These moult and give rise to filariform larva% 
which enter man either by penetrating the skin or through the mouth, and 
develop \\dthin two weeks into — 

The (parthenogenetic) parasitic female in the small intestine. 

Pathogenesis and treatment. — This parasite must undoubk'dly 
produce considerable irritation of the bowel, whicdi may give rise* to diarrhoea. 
Hinman claims that it gives rise to vague abdominal pain and flatukuK v, 
and that the infection is usually found in males from twenty to forty y(‘ars 
of age. 

It is usually present in large numbers, and has been found coiled up in 
the intestinal follicles. The larvae, after entering the skin, })ur8ue a migra- 
tion through the lungs and oesophagus similar to that of Anci/lostorna and 
of Neva tor. Faust states that gentian violet acts as a parasiticide whvn it 
reaches the living female in sufficient concentration. It is given in enU'rio- 
coated tablets. 

Fiillebom demonstrated that in persons infected with S. stercoralis a 
supersensitization to the antigens of this parasite exists. Itc^hy urticarial 
wheals are produced at the site of entry of further infecting larva* in th(‘se 
persons, or even by rubbing into the skin dried extracts of strongyloides larvie. 

The prophylaxis is the same as that for Anci/lo.stonui. 

Enterobius vermicularis (Linn., 1758) 

Threadworm (Pinworm) 

Synonym. —Oxy u r is verm icularis. 

This worm lives in the upper part of the large intestine, (‘S[)ecially 
the ciecum ; occasionally invades the female genital organs and bladder ; 
and more rarely occurs in the ear and nose. It is found all over the world. 

These worms are small and white in colour. The mouth is surrounded 
by a cuticular expansion ; the oesophagus in both sexes is provided with an 
extra bulb. (Fig. 258.) 

The male (Fig. 258, b) is much smaller than the female, and is relatively 
uncommon. It measures 2*5 mm. in length ; the posterior third is curved 
spirally. The caudal extremity is blunt, and possesses six sensory papilla3. 
A single spicule is present, and measures 70 fi in length. (Fig. 258, c.) 

The female measures 9-12 mm. in length and has a long pointed tail. 
The anus is situated 2 mm. from the posterior extremity ; the vulva, 
transverse and slit-like, is situated in the anterior fourth of the body( Fig. 258, a). 

The eggs measure 50-54 p in length and 20-27 p in breadth. They 
have a characteristic sha]x% being flattened on one side. There are two 
shells : the outer is thick and transparent ; the inner thin, and containing 
a more or less fully-fjrrned (unbryo. (Plate XXXIII, 19, facing p. I0‘10.) 

The fertilized females migrate out of the anus and deposit their eggs 
in the natal folds. After a few hours have elapsed the embryos develop 
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rapidly and atiaiii a length of 140-150 fx. At this stage the eggs are ingtrsted, 
being usually earned l)y the hngers t-o the mouth, and on eoining in 
contaet with tli<^ digestive juica^s they hatch. The larvae thus liberaUal pass 
after two moults from the small into the large int^istine, where they become 
mature. 'rh(‘ duration of the eyeh^ is two weeks. 

Mature worms are capable of penetrating the mucosa and of encysting 
in the submucosa of the small intestine or 


apjM?ndix, where they may cause inHamrnation. Ji 

According to Battaglia, they may be the exciting 'A 

cause of a])}K‘ndicitis in children, and in 2 j)er (;ent. | 

of cases they have b(‘en Idiind in this organ re- 

moved at ofHU’ation. Then* is no marktal 4^, ^,‘Mj 

eosinophilia in this infection. As th(‘re is no I i 'W/ 

multi})lication of parasites within the body, tlu* /J|l : . 

number infecting the host is deU‘rmined by the ISMA , 

number of ov^a swallowed. Nasal itching may / 

constitute.* a sign of thf* infection. The ova are If^') 

deposited in (‘iiormous numl)ers around the anal /wJn! ' 
region. Dozens of eggs can be recovered from /'ra/j / 
beneath the finger-nails, and ova can be obtained j ^ 

from the washings of garinents (Blacklock). 

Familial infections are comimui. A 

Ix*ntze lK*lieves that the ova can be inhaled iKB' 
through the nose at some disUince from infected AM) M 

garments. The diagnosis of oxyuriasis is some- 
times difficult unless the worms are seen. The j®): 
eggs may be found in the fa*ces. Hall has devistM ^ 

a (‘ellophane spray(*r known as the “ N.I.H. 
swab,'’ by which it is j)ossible to obtain the eggs ^ ^ 

from the skin-surface of the perineum. \y4 

Treatment. — Oxyuriasis is often, especially 
in adults, an extremely difficult condition to \ 

treat. General measures, such as the wearing of 
sleeping-drawers of strong cotton and cotton 
gloves at night, the i)aring of the finger-nails, 
washing the hands carefully after defaication, 
must be adopted. To j)revent itching of the f 

anus and to assist in prevention of the re- / 

infection the anus should be smeared at night- p|g 25 s Enlerohiu^t rer- 

time with some mercurial ointment, as the miciUaris. x 12. 

ung. hydrarg. ammon. B.P. Oxyuriasis is one {After Leuckart, in 

of the commonest causes of pruritis ani. The Brumpt's ** Precis dc. 

itching usually ceases sometime before morning Parasitoknjky) 

(MacArthur). 

I'he worms are expelled {)er rectum by means of quassia ; the rectum 
should first be evacuated by a hot-w'ater enema or salt-and- water enema 
(one tablespoonful of salt to half a pint). After the bowel has been emptied, 
the infusion of quassia, diluted 1 : 40, is injected slowly per rectum, and 
the foot of the bed raised so as to allow it to percolate through the bowel. 
Beta-naphihoL 40 grains in 4 ounce of castor oil or, better still, in cachets, 
may be tried, TatracMorethylentf given by the mouth at the rate of 01 c.c. 
for each year of age, is recommended by Wright and Gordon. It should not 


Fig. 258. — Enlcrohius r.er- 
iniciUaris. X 12. 

{After Leuckart y in 

BrumpVs ** Precis dc. 
ParasitokHjky) 
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be given with magnesium sulphate, but with the citrate, which may be 
exhibited at night and followed next morning by an enema containing 1 c.c. 
of tetrachlorethylone in coconut-oil emulsion in a litre of water. Hexyl- 
resorcinol in keratin- coated capsules, in 1-grm. doses for an adult, may be 
given for a considerable period, as in ancylostomiasis, and is fairly effective 
{see p. 817). The Editor has found carbon tetrachloride treatment, alone 
or combined with oil of chenopodium, most effective, but rather toxic for 
children. Gentian violet is said to be efficient. The course advised is two 
periods of eight days, with an interval between of seven. The dose for 
adults is two “enteric-coated” tablets, each containing i grm. (7*5 gr.) of 
gentian violet, given three times daily before meals. For those under fifteen 
years of age it is one cgm. {ll gr.) three times daily. 

“ Butolan,” p-benzylphenol carbarnin acidester (Bayer), given by the 
mouth in doses of 0*5 grm. three times daily for an adult, and persisted in 
for a week, or half that quantity for children under ten years of age, is some- 
times effective. Oxylax, or tubera jalapce (dihydroxyphttilophenol), in 
chocolate-coated tablets containing 0- 15 grm., in the dose of one tablet daily 
for four weeks, is said to be effective in exj)elling the worms. Garlic used 
as an infusion has a reputation. This should be prepared by boiling the small 
roots in a litre of water for one hour, and should be injected x^r rectum. A 
diet consisting to a great extent of raw carrots is an old-fashioned remedy, 
and is efficacious in analogous infections of monkeys and other lower animals. 


Trichuris TRicmuRA (Linn, 1771). 

Whipworm (Fig. 259). 

Synonym . — Trichoceplmlus dispar. 

This worm inhabits the large intestine, especially the caecum. It is said 
to be identical with a species found in the pig. It is cosmopolitan in 
distribution. 

These worms are greyish -white or slightly-pink in colour. 

The male is 30-45 mm. in length ; the anterior attenuated portion, which 
contains the simple cellular oesophagus, is half as long again as the thicker 
posterior body portion. The caudal extremity is curved ventrally, and there 
is a single spicule enclosed in a sheath which itself is clostdy studded with 
spines. (Fig. 259, 3.) 

The female is 30-50 mm. in length, while the anterior attenuated end is 
twice as long as the posterior. The eggs^ of a characteristic barrel shape, are 
brown in colour and measure 50 p in length by 22 p in breadth. (Plate 
XXXIII, 78y facing p. 1030.) 

On leaving the body the eggs are unsegmented and the contained embryo 
develops but slowly, attaining its full length in 6-12 months. Owing to 
its thick shell, it can withstand a low temperature. The embryos can hve, 
without developing any further, apparently for as long a period as five years. 
Development is direct ; once ingested, the larvae attain maturity within a 
month. The egg-shell is digested in the intestinal juices and the larva passes 
through to the caecum or adjacent region of the bowel, attaches itself to the 
intestinal wall, and grows into an adult worm. 

The worm lives chiefly in the caecum. In many countries it is present in 
more than half the population. It maintains its position by transfixing, 
pin-fashion, with its long slender neck, a superficial fold of the mucous 
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membrane. VVichmann claims to have shown, by serial sections of the 
caecuni at sites where the parasites were fixed, that it is merely embedded 
in the mucus between the intestinal villi. According to Powell, the females 
very much ])rej)onderate, the proportion to males being as 466 to 1. Except 
that the practitioner should be familiar with the appearance of its eggs in 
the stool (Plate XXXllI, 18), so that he may distinguish them from those 
of Ascxiris, oi Ancylostorna, and of other parasites, the presence of T. trichiura 
is of no practical moment. So far as known, it gives rise to no serious patho- 
logical lesion. This worm is difficult to expel. A certain number may be 



1, partly embedded in the inueoua membrane of the inbistine; female: 

coimlatory appjiratua, greatly inagnitied. 

«, Posterior extn'inity of body ; s., spicule ; sh., sheath. 


removed by the carbon tetrachloride and oil of chenopodium method (p. 816), 
and it has been stated by \^azquez Pausa that a mixture of ferri et ammon. 
cit. 2 grm. with 0-4 gnu. mang. cit. and 0-1 grm. cupr. cit. is a cure for these 
worms. 


Capyllaria UKPATiCA (Bancroft, 1893) (Hall, 1916) 

Synonyms. — Tric1u}cephal us hepaticus ; Hepalicda hepalica, 

I’liiB parasite Ixiloiigs to the family Tricliuridin, and is closely allied to T. trichiura ; it 
is normally a parasite of the rat, infecting the liver, whore it deposits masses of characteristic 
trichnris-like eggs in the substiince of that organ. The life-cycle, like that of Trichuris, is 
direct, retjuiring only a single host. 

A case of this infection has been reported by Dive and MacArthur as ooonrring in a 
British soldier in India. Death took place from septic pneumonia secondary to on abscess 
of the liver caused by acciimulations of adult worms, characteristic masses of eggs of 
(\ hepatica being found in tlie liver-substance. The eggs are not usually found in the fffices. 

Trichinella spiralis (Owen, 1835) 

This worm is found in the muscles, especially the laryngeal, the diaphragm 
and the intercostals. 

60 
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Originally discovered by Hilton, a demonstrator at Guy's Hospital, in 1833, it was 
“ rediscovered " by Paget in 183r), who referred it to H. Owen in the same year. Herbst in 
1851 first undertook feeding experiments, which proved that the larvw dev<*Ioped into the 
adult form, and this was fully confirmed by J^aickart in 18fK>, 

Tn Europe, Trichin(dla was formerly common in (bu-many until the most 
stringjont prophylactic measures were taken. In America it is still very 

common ; in Boston, for instance, it is estimated 
that in the municipal slaughUu-houses 5 })er 
cent, of the pigs are infected. In Asia it has 
been found in China and India ; and epidemics 
have been rejiorted in Syria from eating tluj 
flesh of naturally infected wild boars. In Africa 
it is found in Algeria and in the East African 
Protectorates. It has been reported occasionally 
from Australia. I’igs become infected most fre- 
quently by eating garbage from abattoirs. 

Trichinella is a white worm just visible to 
the naked eye. The mule (Fig. 260) is 1-6 mm. 
in length by 0 04 mm. in breadth ; the cloaca, 
situated posteriorly bi'tween two c'audal ap]xm- 
dages, is provided with two pairs of papilla?. 
The female (Fig. 260) is viviparous, 3-4 mm. in 
length by 0*06 mm. in breadth ; the vulva is 
situated in the anterior fifth, the posterior half 
of the body being occupied by the ovary, the 
anterior by a much-coiled uterine tube. The 
anus is terminal. 

The worms inhabit the small intestine. The 
young, which the female emits, migrate into the 
muscles, where they encyst. In a natural state 
the pig, wild boar, and rat act as hosts in 
addition to man, but the majority of animals, 
even lizards, are capable of btung infected under 
artificial conditions. Birds, however, are re- 
fractory. 

Infection of a fresh host is brought about 
by ingestion of raw flesh of a trit^hinosed animal 
— that is, one in whose muscles the larval tri- 
chinellae are encysted. Man becomes diseased 
Fig. l(i^,— Tricliindla .npira- manner by eating uncooked pork. The 

female and male, x 45. development of adults from larva? would appear 
{After Brumpi.) to take place with astounding rapidity, and in 

(7.O., Genital opening ; as short a period as forty -eight hours after 

bryos ; Ov., ovary ; testis. ingestion, it is said that mature male and 
female worms can be found in the intestine. 
After a further twenty-four hours, embryos have already appeared in the 
uterus of the fertilized female. 

The eggs, measuring 20 /x, are found in the upfxr portion of the uterus, 
but soon the contained embryo breaks loose and lives free in the uterine 
cavity. The living embryos are voided into the lumen of the intestine, and 
measure 100 fi in length by 6 p, in breadth. Travelling independently via 
the lymphatics, and to some extent also via the venous channel, and guided 
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by a mysterious instinct, these embryos pierce the coats of the containing 
vessels and encyst in striated muscular tissues, especially that of the dia- 
phragm, the intercostal and laryngeal muscles, and those of the neck and 
eye, especially at their tendinous insertions. The cysts themselves are oval 
in shape, the cyst wall l)eing formed by the reaction of the tissues. 
Fig. (261.) 

The objective symptoms may resembk; those of cholera, or possibly 
those of dysentery, with passage of blood-stained stools, associated with 
hyperpyrexia (tem|xjrature 104^-106^^ F.). During the migration of the 
larvae through the tissues typhoidal symptoms predominate, with remittent 
temperature and slow muttering de- 
lirium, merging into rheumatic muscular 
pains, difficulty in mastication, degluti- 
tion, and respiration. Three weeks after 
infection, while the embryos are encyst- 
ing in the muscles, a profound cachexia, 
probably due to absorption of the toxins 
from the larval trichinella?, siijx'rvenes. 

(Edema of the face, abdomen, and legs 
is often noted. Togc^ther with this there 
are jnental apathy, intense pruritis, and 
sometimes skin eruptions. Death may 
take place in the sixth or seventh 
week, from exhaustion or from pulmon- 
ary complications. In the cases which 
survive, the fever gradually resolves, but 
muscular pains of varied intensity per- 
sist. 

Diagnosis. — The early intestinal 
symptoms must not l^e confused with 
ptomaine poisoning, cholera, or dystui- 
tery. 4110 debility, delirium, and remit- 
tent pyrexia may suggest typhoid ; the 
cedema may be mistaken for that of 
nephritis, though, of coui’se, the urine 
is free fro?n albumin. From these con- 
ditions trichinosis may Ix^ differentiated 
by the high eosinophilia of the blood, by 
a negative Widal rt>action, and by the discovery of the adult worms and, 
in the later stages of the disease, of the embryos in the faeces. In the more 
chronic rheumatoid stages the characteristic encysted larvae can be re- 
cognized under the microscope in a small portion of muscular tissue removed 
for tliis purpose. 

It has been found, in Fngland as well as in America, that quite a large 
number of cases of subclinical trichiniasis still exist. In America it is 
estimated, by employing the method of digesting the portion of excised 
muscle in artificial gastric juice in order to demonstrate the larvse, that 
20 per (‘ent. of the population are infected. Van Someren has, by the same 
method, shown that I jx'r ctuit. of t he ])opulation in England is in the same 
cinidition. 

Bachman (1928) showed that positive precipitin tests could Ix^ obtained 
by using extracts of the isolatt'd parasite, but the I'eaction usually becomes 



luR. 261. Encysted larva of Trichi. 
ndlii spiralis, fifteen days after 
entering muscle. < 300 . {After 
I'l.aus, iff Brum pi's “ Precise de 
PnntsHit/ogie.") 
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positive too late to be of practical value. The intradermal reaction consists 
of injecting an antigen prepared from artificially-infected rabbit muscle. 
Two types of reaction are produced : (1) immediate, characterized by the 
formation of a papule, and (2) delayed, which readies its maximum twenty- 
four hours after injection. Most American workers find that a 1 : 10,000 
dilution of antigen in Coca’s solution gives the best results two to three 
weeks after infection. 

WucHERERiA BANCROFTi (Cobbold, 1877 ; Seurai, 1921) 

Synonym. — Filaria hancrofii (Cobbold, 1877). 

This parasite lives in the lymphatic vessels and glands of man. 

It has a wide tropical and subtropical distribution, and has been found 
as far north as Spain in Europe, and as far south as Brisbane, Australia. 

W. hancrofti is a thread-like, white worm found in lymphatic glands and 
vessels. The sexes are generally coiled together, and can only with difficulty 
be separated. (Figs. 129, 130, p. 745.) 



Fig. 262. — Parental forms of W. hancrofti. Magnified. 

a. Tail of male ; b, head and neck ; c, tail of female. 

The male is 40 mm. in length by 0*1 mm. in breadth, and generally lies 
coiled up with a markedly corkscrew-like tail. Two spicules of unequal 
size and an accessory piece are present. The larger spicule, 500 p, in length, 
has a short, thick proximal portion, and a long whip-like distal portion ending 
with a hook. The shorter spicule is grooved on its ventral aspect, and 
measures 200 fi in length. The accessory piece is crescentic. There are 
15 pairs of minute caudal papillse. (Fig. 262, a.) 

The female measures 65-100 mm. in length by 0- 20-0* 28 mm. in breadth ; 
the genital opening is situated 0- 6-1*3 mm. from the anterior end, which 
is tai)ering and ends in a rounded swelling. The head is provided with two 
rows of small sessile papillae ; the oral aperture leads to a cylindrical ceso- 
phagus. The mid-intestine is a tube of one-third to one-fifth of the diameter 
and opens into a short rectum posteriorly. The caudal extremity is narrow, 
but abruptly rounded. (Fig. 262, c.) The vulva opens 0*8 mm. behind the 
anterior extremity, and the swollen vagina is about 0*25 mm. in length and 
leads into a uterus, which shortly divides into two branches. These tubules 
are much coiled and occupy the greater portion of the body ; their diameter 
being about three times that of the mid-intestine. (Fig. 263. ) The two ovaries 
and their associated ducts extend to within 1 mm. of the caudal extremity. 
The eggs in the upper part of the uterus contain well-formed embryos enclosed 
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in a membrane which subsequently becomes the sheath of the living micro- 
filaria. ( Fig. 2C4.) These embryos emitted by the viviparous female find their 
way by the lymphatics into the blood-stream and are taken up by various 
species of mosquito of the irenera Culex, Aedf.s {Slfgamijia), and Anopheles, 
in whose thoracic muscles they develop. 

The embryos of all the Filaridae are generally known as microfilaria?. 

Description of embryo (microfilaria). — When examined with a low 
jxiwer, the embryo appears to be structureless ; with a high power a certain 
amount of structure can, on close scrutiny, be made out. In the first place, 
it can be seen that the entire embryo is enclosed 
in an exceedingly delicate, limp, structureless sac, 
in which it moves backwards and forwards. This 
sac, or “ sheath,” as it is generally called, al- 
though closely a|)plied to the body, is consider- 
ably longer than the enclosed embrv^o ; so that 
that part of the sac which for the time being is 
not occupied is collapsed and trails after the 
head, or tail, or both, as the case may be. It can 
be seen also that about the posterior part of the 
middle third of the ])ara8ite there is what appears 
to be an irregular aggregation of granular material 
which, by suitable staining, can be shown to be 
a viscus of some sort (Innenkdrper). Further, 
if a high power be used, a closely set, very delicate 
transverse striation can be detected in the mus- 
culo-cutaneous layer throughout the entire length 
of the embr^'o. Besides this, if carefully looked 
for at a point about one-fifth of the entire length 
of the organism backwards from the head end, a 
shining, triangular V-shajx'd patch is always 
visible, which is brought out by very light stain- 
ing with dilute ha?matoxyhn. The dj^e brings 
out 3^et another spot similar to the preceding, 

though very much smaller ; this second spot is pj^r, 263. Diagram of head 

situated a short distance from the end of the of IF. bancrofli ? . x 50. 
tail. The former has been designated the V-spot, a.,mouth;b.,circumoralpapill® 
the latter the tail-spot. These spots are connected excirtorj pore ; int., in- 

With development, the V-spot being the rudiment ojsophagus; v., vulva; Ov., 
of the future wattT- vascular system : the tail-spot oviduct; ut., uterus, 
that of the anus or cloaca and terminal part of the 

alimentary canal. (Fig. 269, 1.) Staining with ha?matoxylin also shows 
that the body of the embryo is composed of a column of closely packed, 
exceedingly minute cells enclosed in a transversely striated musculo-cutaneous 
cylinder. Low has pointed out that the break seen in stained specimens in the 
central column of nuclei occurs at a point slightly anterior to the V-spot, which 
is the position of the nerve-ring. The shea th of the microfilaria represents the 
chorionic envelope of the ovum, and is stretched out as the embryo uncoils 
itself on leaving the parental uterus. (Fig. 264.) Knott has shown that 
these microfilariie have great difficulty in passing through the peripheral 
capillaries, and that they are less active in day than in night blood, and 
suggested that in this observation may lie part of the explanation of nocturnal 
periodicity. Drinker and his colleagues have shown that the sheathed 
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microfilaria m capable, no! only of movement, but of arlual transit from 
place to place. 

When the movcmeiitH of th(^ living microlilaria* liave almost ceaHt'd, by 
can'ful focusing it can be s(‘en that th(^ head end is (ronstatitly being covtu't'd 
and uncovered l)y a very delicate pi-epuce ; mor(M)V(T, one can sometimes 
see a short fang of extreme ttmuitv, based appanuitly on a highly retractih* 
granule, suddenly shot out from the uncovertHl (‘xtreme cephalic end, and 
as suddenly retracted (Fig. 133, p. 748), and in a fresh blood pre})aration it 
(;an be seen disturbing the red cells at sonn^ distance a\N’ay. 

Filarial periodicity. — The microfilariie of this sf)ecies exhibit what is 
known as nocturnal jK'riodicity - that is to say, they are present in the 
jx^ripheral blood in larger numbers during the niglit than during the day. In 
the West Indies, India, and China the maximum concentration of embr 3 a)s 
in the i)eripheral blood occurs between 10 p.m. and 2 a.m. It is thought 
that this nocturnal ]X‘riodicity is an adaptation to the habits of the inter, 
mediary host, which in this case is a night-biting mosejuito, fatigmis. 



I'ig. 264. — Evolution of sheathed microfilaria from ovum in uterus of parent 
worm. The later stajjes may occasionally take place after emission 
from vagina. (Partly after Pend.) 

Th(‘ nunduinism by wliich this |K*ricKlicity is produc(‘d has nev(>r been 
satisfactorily (‘X{)lained. In the strictly nocturnal variety, the numbers ot 
circulatory embryos are influenced by the act of sleeping, and respond 
instantly, as has bet n shown by the Editor and Low. By niversing the hours 
of sleeping and waking the periodicity can within the space of three days 
be reversed. Recent observations have shown that Dirofilaria iinviitia of the 
dog, and the microfilariae of birds, especially of the American crow (Cort^ua 
hrachyrhynchos), maintain a nocturnal periodicity, but are very sensitive^ 
to darkness and light. This bird is found to be a suitable exix>rimental 
creature, in which the host activity is sharply related to the behaviour of 
the parasite, and one in which also reversal of nocturnal periodicity is easily 
accomplished ( Houghton, Byrd, and Lund, 1938). 

On the other hand, the microfilariae which are found in the blcK)d of the 
inhabitants of some of the Pacific islands (e.g. Fiji, Samoa, Tokelau, Wallis, 
Ellice Islands, Philippines, and Tahiti), although at present considered on 
morphological grounds to be identical with the microfilariai of If. Imncrofti, 
do not exhibit this nocturnal j)eriodicity, but appear in the blood -stream in 
irregular numbers duiing the day- and night-time (non-periodic). As this 
microfilaria has been shown by the Editor to develop in a purely diurnal 
inosquito intermediary, namely A&les variegntua (Stegomyia paeudosculdlaria). 
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it is considered by some to be specifically different from W. bancroftif which 
occurs in other parts of the tropics. As far as is at present known, the adults 
of the non-periodic microfilaria are morphologically identical with W. bancrofti. 
It is possible that the former variety of W. bancrofti represents a species 
distinct in the biological sense, but Africa, Garcia and others have shovTi, in 
the Philippines at any rat(% that the two filariae, periodic and non-periodic, 
exist side by side. 

Life-history. — Further develo{)ment of the embryo into the stage known 
as the larval filaria takes place in the thorax of various species of mosquito. 
Within an hour and a half of entering the mosquito’s stomach, the micro- 
filariic cast their sheaths, and within twenty-four hours the majority have 
entered the thorax, where they come to lie l)ctween the wing muscles. 
Within the next two days the larval filaria increases greatly in girth, and 
the }) 08 terior V-spot now enlarges; and shortly afterwards the anterior 
V-s[K)t, or excretory pore, similarly becomes much more prominent. By 
rapid nuclear proliferation the larval filaria assumes a squat “ sausage ” 



Fijj. 265. -Stages of larval form of W. bancrofti, from thoracic 
muscles of Center fatigann. \ 150. {After Looss.) 


form (Fig. 205, 7) ; the tail now shrinks and is absorbed. The mouth and 
(esophagus IxH^ome apparent from the fifth day onwards, and at the same 
time tlie posterior V-spot now becomes transformed into the anus. 
(Fig. 205, 2.) 

The cpsophagus at this stage lias a bulbar enlargement at the first and 
second fourths of the alimentary canal at a time when the larva is 0-5 mm. 
in length. The larva, now^ elongated and worm-like, commences to move 
about the thorax with sluggish undulating movements. The alimentary 
canal being complete, the caudal papillae appear ; they are three in number, 
and subterminal, and their function is probably to assist the filaria to progress, 
and thereby facilitate its subsequent penetration of the skin. Towards the 
tenth da 3 % in the most favourable circumstances, the snake -like larval filaria, 
now measuring 1*4 mm., travels forward through the thorax into the head, 
where it lies coiled uj) ready to enter the proboscis sheath of the mosquito. 
It may also be oc^casionally found in the abdominal cavity or legs of the 
insect. (Fig. 2(>fi.) During the jHjriod of development of the filaria in the 
mosquito two or more eedyses take place. 

O’Comior and Beatty have made some original observations which differ 
in detail from the generally accepted account. At the end of ten hours after 
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the infective feed, the embryos begin to collect at the anterior end of the 
stomach of the mosquito. Shortly afterwards they enter the anterior 
cylindrical portion of the midgut. This forward transportation goes on, 
partly as the result of reversed peristalsis, till they are distributed over the 
whole of the cylinder ; at the end of sixteen hours they have collected to 
form a writhing mass just behind the valve which stops progress into the 
foregut. These workers have also shown, what had been surmised originally 
by Manson and others, that the mosquito’s proboscis exerts some positive 
chemiotactic effect upon the microfilariae ; thus Culex fatigans can abstract 



Fig. 266. — Section of thoracic muscles of Aedes variegatus : second day 
after feeding on filarfated patient. {Orig.) 


more embryos than can be obtained in the same quantity of blood by mechan- 
ical means. A mosquito abstracts about 1 cu. mm. of blood at each feed 
and thus the c?oncentration of embryos is apparently ten-fold. 

Under conditions of high temperature and moisture the complete cycle 
takes 10-14 days, but development may be retarded by cold to six weeks or 
more. Sometimes the larva, during development, dies in the thoracic muscles 
and becomes encased in chitin, producing the peculiar structure seen in 
Fig. 137, p. 753. When the infected mosquito begins to bite another indi- 
vidual man, the larvae, attracted by the warmth of the skin, break their way 
through the terminal portion of the proboscis sheath of the insect, known as 
Dutton’s membrane, and, wriggling out on to the skin, rapidly jxjnetrate it 
near the seat of puncture caused by the stylets of the mosquito (Fig. 267). 
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Formerly, it was supposed that the mosquito actually injected the larval 
filaria into the tissues of the victim, but this has been disproved. 



267.— Larval filaria emerging from proboscis of Aede.^ variegatns. 
[Orig,) 

Complete development of the larval Wiichereria bancrojf i has been observed 
in the following species of mosquito : 

(1) Ovlex fatigans. West Indies, India, Philippines and parts of the 

Pacitie. 

(2) (Julex pipiens. China. 

(3) Culcjc hiibilitator . 8t. Croix, West Indies. 

(4) Culex quinqxiefasciatus. Celebes, Dutch East Indies. 

(5) Culex alis. Celebes, Dutch East Indies. 

(b) Culex whitmorei, Celebes, Dutch East Indies. 

(7) CuJxx vUhnui. (Celebes, Dutch East Indies. 

(8) Culex annulirostris. Celebes, Dutch East Indies. 

(9) Mansonioides annulifera. South India (Iyengar). 

(10) AHea variegatuSy Syn. Stegomyia pseudoacutelhria. Pacific Islands. 

(Manson-Bahr) . 

(11) Aedea (Finlaya) logoi, Japan. 

(12) Aedeji chemulpmnsia, Japan. 

(13) T (eniorhynchus (Mansonioides) africanua. C/cntral Africa. 

(14) Anopheles rossi. India. 

(15) Anopheles nigerrimtos. South India. 

(Ifi) Anopheles gambice (costalis). West Africa. 

(17) Anophele^i algeriensis. Tunis. 

(18) Anopheles annictus, Queensland. 

(19) Anopheles albirnanus. St. Croix, West Indies. 

(20) Anaphele,s barbirosiris. Celebes and New Guinea. 
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(21) Anopheles aconitus. Celebes, Dutch East Indies. 

(22) Anopheles annulirosiris. Celebes, Dutch East Indies. 

(23) Anophele.s subpictus. South India (Iyengar). 

(24) Anopheles vagus. South India (Iyengar). 

Twenty -two species have been listed in which partial development has 
been observed. 

Filaria malayi 

The embryo (microfilaria) only is known and is the common form of 
filaria in Malaya, Dutch East Indies, Central India, (k?ylon, Southern China 
and Indo-China. It has not yet been found in Africa, America, Australia 
or the Pacific Islands. The zoological affinities of the parasite cannot be 


O'lmm. 



0‘Smm. 

Fig. 268, — Diagrams of Filaria 
malayi {Loa inquirerida)irom Bombay. 

1 Ajitorior extremity, showing vulva fnal 
vagina ; 2, i>f>sterior oxtreniity. 

The following tabb' summarizes 
microfilaria malayi and microfilaria 

Microfilaria rtmlayi (Fig. 269, 2). 
It is often found closely folded with 
head close to tail, and is irregularly 
disposed, for besides major curves, 
minor angulations are typical. 
The nuclei are blurred and intc^r- 
mingled so that they cannot be 
easily counted. 

The tail tapers to a fine point, (!on- 
tinued as a fine thread. There is 
typically one nucleu i at the ex- 
tremity of the tapered portion 
and two in the terminal thread. 


determined until the adult form has 
been discovered and this should not 
be difficult to obtain. Possibly the 
filaria recently described by Rishworth 
and Maplestone, and which resembles 
L. loa, mav be the parental form 
(Fig. 268). ^ 

Microfilaria malayi was first ob- 
tained by Uchtenstein from natives of 
Olebes, and was studied by Brug. 
The embryo has a nocturnal periodicity 
like that of Wuchereria hancrofii. This 
has been definitely establislu'd by Brug 
in Olebes, Poynton and Hodgkin in 
Malaya, and Caillard in Tndo-China, 
as well as in Hunan (Liu), and Che- 
kiang, Houth (diina (Feng and Yao). 
All are agreed that the jKTiodicity is 
not absolute as in the case of W . ban- 
crofti. The embryo measur(‘s 200-250 
jj. in length by 5-() ^ in breadth. The 
clikT points of distinction an' the j>ri‘- 
sencH* of an elongaUnl nucleus at the 
tip of the tail and absence of one in 
the cephalic space. 

the main points of distinction between 
bancrofti : 

Microfilaria bancrofti (Fig. 269, /). 

Usually seen lying with head and 
tail well separated, and commonly 
shows three or four major curves 
of graceful appearance. 

The nuclei arc' well defined and 
spaccKl and can be easily counted. 

The tail tajKU’s to a ]K>int and the 
terminal portion contains no 
nuclei. 
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If irmjilarla malayi {Fiji- .?). M icrofilaria hnncmfH (Fig. 2fi9, /). 

'I'lu* anal pon* iw clrar spa<*c uImhiI 'PIm* f<*phali<; Hpacc is as long as it 
40 ft from the tail end. is broad. 

The eephalie space is twice as long The excretory pore and cell are close 
as broad. together and a thread of proto- 

The excretory pon*. and etdl are plasm runs posteriorly from the 

separated. latter. 



Fig, Z69.— (1) Microfilaria bancrofti ; (2) Microfilaria malayi. (From ** A 
Comparative Study of Anatonnj ftj Microfilaria Malayi and Bancrofti'' (Feng).) 
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The transmission through the mosquito intermediary has been worked 
out in the Dutch East Indies, India, Malaya, Ceylon, and China. The main 
genus is Mansonioides (p. 994), of which all species are crepuscular or nocturnal 
feeders. Development is more rapid than in Wuchereria hancrofti and lasts 
six and a half to eight and a half days. In Celebes, according to Brug and 
'lesch, development takes place in Anophdes harhirostris (99 per (*(‘nt.). 
Gaillard has showm that in Indo-China it will not dev(*lop in CuJpx fatignvs. 
In China Anophelea hyrcann,^, var. sinensis, is effective*. Of Mansonioides, 
M. annulatus, M. anymlifern, M, longipaJpis^ and M. nnifonnis are equally 
suitable, and all are widely distributed w herever the wak'r ])lantK th(‘y favour 
are abundant. The larva? of the insects adhere to tin* roots of Pisfia stmtiotes 
(water lettuce) by a specially constructed respiratory syphon wliich abstracts 
oxygen from the roots of the plant ; this has been anif)ly demonstrated by 
tine studies of Iyengar in Travancore. (Eig. 318, p. 994.) 

Apparently filariasis associakd with microfilaria malayi has distinctive 
features and may produce elephantiasis of the legs (p. 775). Eradication 
of water plants is the only practical measure in the control of this infection. 

Iyengar has shown that both H’. hancrofti and Filar ia malayi are })n‘sent 
in South India. The chief transmitt(‘r in the district of the latter is 
Mayisonioides annnlifera. The incidence of If’, hancrofti is urban, while that 
oi Filar ia malayi is rural and deptuids upon the presence of jmnds with water 
containing a high percentage of decaying matt(*r and a growth of Pisti(( 
stratiotes. In the towns W . hancrofti endemicitv show s a centrip(‘tal incr(‘as(‘ 
as against a centrifugal increase in tlie case of Filaria malayi. Iyengar has 
found that the species of inos(piiU) infected with If’, hancrofti in nature in 
these localities w^ere Culex fntiganSy M ansonioidcs annul ifera (Fig. 319, p. 995), 
AnoplieUs vagus. Anopheles sithpictus, and Anopheles harhirostris. 

Maksonella ozzakdi (Manson, 1897 ; Faust, 1930) 

Synonym. — Filaria ozzardi (Manson, 1897). 

Manson first discovered the ernbr^’os of tliis sjK?cies in the blood of 
aboriginal Carib Indians sent by Ozzard from Britisli (luiana. In shape and 
size the embiyns closely resembled those of Acunthocheilonema perstans ; 
they were sheathlcss, but they had sharp tails, in contradistinction to the 
blunted extremity of that species. They observed no periodicity, and were 
present in the blood-stream both by day and by night. It was at first thought 
that similar embryos from natives of St. Vincent (Newsam) represented a 
different species, distinguished by Manson as M. dejnarquayi, but it is now' 
generally recognized that only one species exists. M. ozzardi has be(‘n 
recorded from the West Indies and South America, while Manson found a 
similar microfilaria in the blood of an aboriginal of New Guinea, and this lias 
been confirmed by Seligman. Some 25-30 per cent, of the inhabitants of the 
Northern Provinces of the Argentine Republic are infected with a similar 
species (Biglieri and Araoz). In British Guiana the microfilaria of M. ozzardi 
is nearly always found in the blood in conjunction with a microfilaria re- 
sembling that of A. perstans, an observation whic*h has led to the suggestion 
that the species may be dimorphic.^ 

The parental forms of this microfilaria were first found by Daniels at the 
autopsy of two Demerara Indians ; later, Galgey found five adult females 

* Owing to this dimorphism and the close resemblance to microfilaria perstans, it is not 
possible at present to map out the exact distribution of these two species {see Map VI), 
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in the omental tissues of a native of St. Lucia. In Daniels’s cases they were 
situated in the mesentery and the visceral fat. He stated that a male which 
he examined measured about 32 mm. in length ; the tail was much coiled, 
and carried at least one spicule. The female is about 65-81 mm. long and 
()-210 to 0-25 mm. broad. The head is somewhat club-shaped and bears no 
papillae. The vulva is situated 0-76 mm. from the anterior extremity, the 
anus 0-23 mm. from the tip of the tail. The embryos measure 173-240 /x in 
length by 4-5 /x in diameter. As far as is known, this filaria is not pathogenic. 
The microfilaria is non-periodic. (See Fig. 128, 6, p. 744.) 

The life-history of this filaria has been worked out by J. J. C. Buckley 
(1934) in 8t. V’incent, B.W.I. The intermediary host is a midge, Culicoides 
furens, Poc^y, which is a common insect in CalJiaqua, where 37-7 per cent, 
of the inhabitants are infecte*d. Of the flies fed on infected blood, 27-5 per 
(‘ont. were found to contain the developing stages of the parasite. As in 
the case of 11". bancrofti, the ingested micTofilarise migrate within twenty-four 
hours to the thorax, where the entire larval development takes place. In 
those flies which were kept alive for seven or eight days, advanced stages 
were found in the thorax and head, and their emergence from the proboscis 
was observed. 

The development of this filaria takes place on the same lines as that of 
A. Persians, from the first stage or “sausage” larva to the second stage 
larva during the first three or four days, and from this stage to a third stage, 
or infective larva, on the fifth or sixth day. Two ecdyses occur during these 
metamorphoses. The largest third stage larva in the head of the insect 
measures 0-78 mm. in length. It is possible that Ciilicoide^ parcetisis, another 
sp(‘cies in Calliacjua, may also act, and in Antigua Island O’Comior found 
that C. fiirens is the vector. 

Loa LOA (Guyot, 1778) 

L. loa (Fig. 151. p. 778) occurs throughout tropical West Africa. It is a 
parasite of man, as far as is known. A closely allied parasite has been 
described by Treadgold in Papio cynocephalus and named L. papionis. 

The adult male measures 3U-34 mm. in length, and presents a maximum 
breadth of 0-35(M)-430 mm. in the anterior part of the body. (Fig. 270). 
I’he ])osterior part ta}wr8 gradually towards the tail. The measurements 
of the adult female have not been satisfactorily determined ; the specimens 
so far examined, extracted from under the skin or from about the eyes of 
I)atients, varied greatly in length from 20 to 70 mm. The breadth is about 
0-5 mm. (Fig. 271.) 

L. loa is especially characterized among the nematodes of man by the 
presence of numerous rounded, smooth, translucent protuberances of the 
cuticle, 12-16 /x in diameter, and rising 9-11 /x above the general surface. 
These chitinous bosses vary greatly in numl)er and arrangement in different 
sjHximens, and are, as a rule, more numerous in the female. Their distribu- 
tion is very irregular. In the male they are wanting at the extremities, 
beginning about I- 5-2- 5 mm. from the mouth and tail-tip respectively. In 
the female they usually extend to the posterior extremity, and may also 
be found on the cephaiic end. 

The body is filiform, cylindrical, whitish, semitransparent. Anteriorly it 
tapers somewhat abruptly to the mouth, which is terminal, small, simple, 
unarmed, and ay)parently destitute of papillae. There is no distinctly marked 
neck, but there is a sort of shoulder about 0-15 mm. from the mouth, and 
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at about this level are two small papillaB, one corresponding to the dorsal, 
the other to the ventral median line. 



270. — />. /oa, male, x 10. (ZV/r//// nftrr L<)os.<t.) 

The alimentary tube iK'gins at the oral cavity, which is funiicl-shap<'d 
and surrounded by a strong muscular mass. It consists of a slender oesophagus 



Fig. 271.— 7. female. 10. {Pari/t/ nffcr Loo.'fs.) 


without bulb, of an intestine attaining a width of about 05 fi towards the 
middle of the body, and of a short, attenuak^d rectum. 
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l’h(‘ tail of th(‘ mah is slightly ourvod veiitrally and provided with two 
latf ral expansions of the eutiele (0-7 imn. long by 0 029 mm. broad), situated 
nearer the ven ' ral than the dorsal surface. In the middle of the ventral surface, 
Ixjtween the lateral ala% and about 0*08 min. from the tail-tip, is the opening 
of the ano-genital orifice, from which two unequal spicules may bo seen 
protruding; the longer measures 123-176 /x, the shorter 88-113 /x- ; the 
ofiening is surrounded by thick labia. On either side, and somewhat asym- 
metrically placed, are four large globular and pedunculated papillae closely 
approximated and decreasing in size antero- posteriorly. Farther back, and 
nearer to the middle line, is a fifth symmetrical pair of very smaU, conical, 
[>ostanal papillae with broad base and acuminated point. (Fig. 272, B.) 

The jiosterior extremity of the female is straight, attenuated, and broadly 
rounded off. The vulva forms a small eminence about 2-5 mm. from the 
anterior extremity. The vagina, 9 mm. long and 95 mm. wide, branches 
off into two long tubes extending almost throughout the entire length of the 
body. (Fig. 272, a.) These tubes, the narrow ends of which are the ovaria, 
contain eggs in all stages of development. The mode of reproduction is 
ovo viviparous, the embryos developing within the egg envelope and uncoiling 
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Fig. 272. Posterior extremity of L. Um, (a) female, (b) male. {After Looss.) 

themselves on expulsion from the vagina in a similar manner to that of 
microfilaria bancrofti. 

The ciaT/ryo. -Microfilaria loa (or, as it is sometimes called, microfilaria 
diurna) is very similar in size (298 /x by 7*5 /x) and structure to that of micro- 
filaria bancrofti. Although in the fresh liquid blood it is practically impossible 
to distinguish, with the microscKqie alone, the living microfilariae of the two 
species, in dried and stained films certain more or less pronounced differences 
can he made out. (1) In such preparations microfilaria bancrofti is usually 
disposed in sweeping curves ; microfilaria loa, on the other hand, assumes 
a stiff, ungraceful, almost angular attitude. (2) The tail end of microfilaria 
loa is often disposed in a series of shai-p flexures, giving it in some instances 
a corkscrew -like appearance, the extreme tip being always sharply flexed. 
(3) The nuclei of the central column of cells of microfilaria loa are larger and 
stain less deeply than those of microfilaria bancrofti, and, as a rule, the 
cephalic end of the column is more abruptly terminated in the former. 
Although in most slides one or two specimens may be hard to diagnose, on 
the average of a series of preparations the foregoing distinctions are recog- 
nizable. Fiillebom, by sjiecial staining methods, points out various other 
minor differences among which the large genital cell is a marked feature. 
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The presence of red-staining substance “ Innenkorper ” is characteristic of 
microfilaria bancrofti ; but not of microfilaria loa ; the latter is never found 
in hydrocele fluid, while the former commonly is. (Fig. 128, 2, p. 744.) 

Sharp (1923) has pointed out that certain differential characteristics 
may be distinguished in the living embryos by staining with methylene-blue. 
A drop of blood is placed upon a drop of this stain, 1 : 50CK) ; if the embryo 
is that of L. loa it begins to take up the stain in ten minutes, while in the case 
of microfilaria bancrofti absorption is much slower and the stain picks out 
the excretory pore. 

In some instances the embryo may not appear in the peripheral blood- 
stream of a patient infected with L. loa till a period of six, or even seven, 
years has elapsed. 

Life-history. — Development proceeds, in much the same manner as in 
the case of W. bancroftij in the body of certain day-biting, blood-sucking 
flies, “ mangrove flies,” Chrysops silacea and C*. dimidiata. (Fig. 328.) On 
entering the stomach of these insects the embryo casts its sheath witliin three 
hours and, piercing the stomach-wall, enters the thoracic muscles, the con- 
nective tissue and fat-body (Stevenson) of the thorax and head, but principally 
that of the abdomen. Larval development is complete in ten da^^s. In 
three days the developing filaria has broadened out and has assumed a 
torpedo-shape ; shortly afterwards the intestinal canal becomes formed. 
On the fourth and fifth days the short, squat form becomes lengthened 
out to 0-8 or 1 mm. ; on the sixth the corkscrew appearance is replaced by 
gentle curves, and the first eedysis takes place ; the sharp-pointed tail is 
then replaced by a gently-rounded and trilobed extremity. The larva 
continues to grow so that by the tenth day it measures 2 mm. in length by 
0*025 mm. in breadth. (Fig. 273.) The larvae have now congregated in the 
head in large numbers, the majority being found at the root of the proboscis, 
and make their way out to the surface of the skin of the intermediary host, 
breaking through the proboscis sheath when the infected fly feeds. (Fig. 274.) 
The flies themselves can remain infective for five or six da^ s. The Cbnnals 
have found that in Calabar 3-5 per cent, of the wild-caught flies are naturally 
infected with Loa loa. 


For Pathogenesis, aee pp. 779-7S2. 

Acanthochbilonema peestans (Manson, 1891 ; Railliet, Henry and 
Langeron, 1912) 

Synonym. — Dipetalonema per starts. 

The adult worm was discovered by Daniels in Demerara Indians, and 
subsequently identified by Manson. The embryo, or microfilaria, was first 
discovered in the blood by Manson in 1891. 

The embryo of this parasite is very common in the blood of the natives 
of large districts in tropical Africa, and apxmrently occurs also in the 
chimpanzee. It has been recorded from the Congo, Nigeria, the Gold and 
Ivory Coasts, and in Sierra Leone. It is common in Northern Rhodesia 
and in Uganda, where in some districts it may be found in 90 per cent, of 
the population. A microfilaria resembling it is reported from Western 
Venezuela, Trinidad, British and Dutch Guiana, the valley of the Amazon, 
and Northern Argentina. It probably also occurs in New Guinea. 

It is frequently encountered in the blood of Europeans who have resided 
in Central Africa. Sometimes it occurs along with microfilaria loa and 
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tniiiofilaria harnrofti, and in Tiritisli ffiiiana wiMi microfilaria ozzardi, in 
the Bamt^ individual. 


The South American form may very well he a distinct species, as the 
microfilariae are morphologically similar and the adult parasites are in- 
sufheieutly known, (Map VI, facing p. 745.) 


A. ]ierfit(tns is, like W . banrroftiy a long, cylin- 
drical, filiform nematode. Tlie body is smooth, 
without markings ; the mouth simple and un- 
armed. The tail in both sexes is peculiar and 
characteristic; ; it is incurvated, and the chitinous 
covering at the extreme tip is split up, as it were, 
into two minute triangular apj)endages, giving it 
a mitred appearance. The m ile is smaller than 




Fig. 273. Development of Loa loa in chrysops. x 

{After A. and S.L.M. Connal. ** Trans. Roy, Soc. Trap. Med."') 

I, LaivH, ‘J4 hours old; fourth day (length 390 /j) ; 3, fifth day; 4, seventh day (length 
1*5 inm.) ; .'> tenth day (length 2 inm., breadth 0 026 mm.). 


the female ; it measures 45 mm. in length by O Ob mm. in brt^adth. The 
diameter of the head is 0 04 nun. Close to the opening of the cloaca 
there are four pairs of preanal and one pair of postanal papillae. Two 
unequal spicules may be seen protruding from the cloaca. (Fig. 275.) 
The adult female measures 70 to 80 mm. in length by 0*12 mm. in breadth. 
The head is club-shaped and measures 0-07 mm. in diameter. The genital 
01 
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pore Opens at 1-2 inin. ((Iieslerinan) fVntn the head. Tlu' anus opens at llu 
apex of a |uipilla situated in the concavity oi the eurva* ionneil hy thi' tail. 
The diameter of the tail just before termination is () (>2 mm. 

The adult worms are sometimes found in numbers in the mesenUuy and 

in the p(‘rirenal and retro])i‘n 
toneal tissues, and in the p(;ri- 
eardium. According t^o Brum])t, 
they g(?n(‘raJJy occur singly, and 
cause no reaction of the sur- 
rounding tissues. 

The embryo. — Microfilaria 
IH'rstans observes no periodicity, 
being present in the blood both 
by day and by night, but its 
numbers at different times may 
vary considerably. In this re- 
spect it resembles microfilaria 
ozzardi. Its sjiecial seat of 
.selection is not the jieripheral 
blood, but that of the heart, 
lungs, aorta, and other large 
vessels. It has not bixm found 
in the s])leen and only rarely in 
the liver and jianenxis. 1’he 
embryo in the blood measures 
on an average 2(X) p, by 4-5 p ; 
but, as it possesses in a remark- 
able degree the jKjwer to elon- 
gate and to shorten itsedf, these 
measurements do not always ajiply. (AVc Fig. 128, 5, p. 744.) Brumjit and 
others recognize a long and a short form, the latter being 90-110 p in length 
by 4 p in breadth. It is manifestly much smaller than the microfilaria of If. 
bancrofti or oi L(xi /wi, and is further distinguished from them by the entire 
absence of a sheath and by the characters of its caudal end, which is in- 
variably truncated and abruptly rounded off". The tajier which U*rminaU\s 
in the tail extends through ipiite two-thirds of the entire length of’ the 
embryo. The V-spot is about 0*03 mm. from the cephalic extrmuity. 
There is no marked tail -spot. No hooked cejjhalic prepmx" can be made 
out, and according to Fulleborn, no red staining “granular mass” (Innen- 
kd'rper), can be demonstrated. Its movements also differ from those* of 



Fig. 274 . — Devciopm ent of L. Ion. in (hrysoj)^ 
silacea, showini; several mature larva* at tip 
of labelia. 

{After A. find S, L. M. Connaf “ Trnns. 
Roy. S(/r. TntjK Med. and Ilyy.") 



Fig. 275. — Tail of Aeanihocheiloyiema pcrstau.% showing two unequal spicules 
and papillae. {After Leiper.) 
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niicrofilaria bancrofti, for it not only wriggles about, just as that parasite 
does, but indulges in long excursions through the blood, moving freely all 
ovei- the slide — locornoting, in fact, very much in the same way as the other 
species do in the ins(?ct’H stomac^h after they have cast their sheaths. 

Dyce Sharp has worked out the cycle of development of A. perstans in 
small midges — Culicoides austeni and C. graJuimi, in the Cameroons. The 
embryos when ingested undergo development in the wing muscles in the 
sam(‘ manner as If. bancrofti. Within six to nine days the larval filariae are 
rifx' for emergence in the ])robo8ci8 where they generally appear in pairs. 
Previous to emergence tlien? occurs a globular expansion of the labrum which 
(‘ventually collapses and gives exit to the filaria3 (Sharp). (Fig. 276.) They 
measure at that time 0 1 mm. in length. About 7 ]>er cent, of wild midges are 
naturally infected. Considerable dilhculty is experienced in keeping these 
small insects alive in confinement, unless they receiv^e a second feed of blood. 



hijj. 276. - Larva of Ara ntfii>rhcU(>tn’ma pcrstans in proboscis of Culicoid&s 

(utMcfti. { Pf/n Sharp. Microphotn : I)r. A. C. Steven. sun.) 

A. per.stans apjK'ars to be particularly harmless to its host. It is sur- 
f)ri.sing that in its wanderings in the mesent<*ry it does not give rise to greater 
disturbance ; possibly transient abdominal pains in the region of the gall- 
bladder may be attributed to its presence. As already related it may form, 
occiasionally, subcutiineous cysts. Probably, too, according to the Editor’s 
observations, like L. Uxi, it gives rise to painless, Calabar-like swellings — ■ 
a phenomenon which is now' regarded as an allergic manifestation. 

0^’C1IOCKR(U VOLVULUS (I^ouckart, 1893; Railliet and Henry, 1910) 

'fhis parasite inhabits the subcutaneous tissues of man, csj^ecially the 
intercostal spaces, the axilla and {X)pliteal space, and suboccipital region. 
It is found in tropical Africa, especially the West Coast, and Guatemala. 

The iKxly is white, filiform, and tapering at both ends. The head is 
rounded, with a diameter of 0-04 mm., and the cuticle is marked by transverse 
ridges, 'fhe cuti(;le is raised w ith prominent angular and oblique thickenings, 
which are more distinct posteriorly. 
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The male is 20-40 mm. in length by 0*2 mm. in breadth. The alimentary 
canal is straight, and ends in n subterminal anus. The tail terminates in a 
single spiral, and is bulbous at the tip. There are two pairs of preanal, two 
pairs of postanal, and an intermediate large jjapilla. Two unequal spicules, 
measuring 0-082 and 0-177 mm. respectively, may be seen protruding from 
the cloaca. (Fig. 277.) 

The female is of very considerable length, measuring 60-70 cm by 0-4 mm., 
but more recent measurements are considerably smaller, giving a length of 
35-40 cm. (Schafer). 

The head is rounded and truncated, and measures 0-04 mm. in diameter. 
The vulva is situated 0*85 mm. from the anterior extremity, and the tail is 
curved. The cuticular striations are said to be not so distinct as in the male. 
0. volvulus is ovoviviparous. The egg j)ossesse8 a peculiar striated shell, 
and has a pointed process at each pole (like an orange wrapped in tissue 
paper), and measures 30-50 /x in diameter. At 
least four males and two females are present in 
every tumour. 

The ewhryo is sheathless, and measures 3(K) ^ in 
length by 8 fjL in breadth as a general rule ; though 
in the fluid of the cyst-cavity in the surrounding 
skin, two types, a larger and a smaller one, are 
present (Blacklock). The body tajx^rs from about 
the last fifth of its length, and ends in a sharply- 
pointed recurved tail. (Fig. 128 4, p. 744.) 

At about the anterior fifth of the body there is a 
gap in the central column of cell (V-spot). There 
is a slight thickening behind the ee])halic cone at 
the commencement of the nuclear column. The 
embryo is non-j)eriodic in haiht, and has been 
found rarely in the blood (Fulleborn), in the femoral, 
inguinal, and cervical lymph-glands, and in the ex})r(\ssed juic(‘ of tumours. 

According to Macfie and Corson, these embryos are found in the normal 
skin of widely separated portions of the body of apparently healtliy natives 
(34 per cent.) of the Gold Coast. Dyce Sharp and others have shown that 
0, volvulus may be the (rause of massive elephantiasis of the legs (see p. 784). 

Blacklock, working in Sierra I^one, where in certain parts 45 per cent, 
of the inhabitants harbour embryos of O. volvulus in their skins, often uri- 
associated with any pathological condition, has traced the development of 
this filaria in the buffalo-gnat ” — Simulium darnnosum. (Fig. 323.) The 
fly abstracts the embryo from the deeper layers of the skin near the nodule. 
The embryos enter the stomach and, piercing its walls, come to lie amongst 
the thoracic muscles where they undergo a development similarto that of 
W. bancrofti in the mosquito. During their growth one or more ecdyses 
probably take place (Blacklock). After seven days the larval filaria measures 
657 /X. Development has been traced up to the tenth day and, probably, 
the larva escapes from the proboscis as in the case of other filarise. S. 
darnnosum bites from 6 a.m. to 6 p.m. Dissection of wild-caught simulium 
flies showed that 2*6 per cent, were naturally infected. Dyce Sharp has 
shown that this insect has a selective action in abstracting the embryos 
of 0. volvulus from the blood. By scraping the skin with its prestomal 
teeth it sucks up the senim from the wound and with it the filarial 
embryos. 



Fig. 277. — Caudal ex- 
tremity of OnchocercM 
volvulus. rf . (After 
Brumpt.) 

Sp.. Spicules; An., Anus; 
p., papi.lic. 
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Hniiiipi liaH Hoparated Mje South Anieriraii form of O. volvulu.s under 
the name of O. corrulifnft (Hrunifd, 1919), hut thi« is doubtfully a valid 
hjmhiVh. ItiHHaid to differ f?*om vo! ml us in the and ahape. of fhe papilla3 
in the nial(% in the size of flu* spieiiles, and in its assoeiation with eye and 
skin lesions {sec p. 784). The oyv symptoms — keratitis ])unctata and inter- 
stitial keratitis — may lead to blindness in some cases. 

Strong describes the dcveloj)ment of the South American form as similar 
to that of the Central African. It takes place in SimuUum aviduniy S. 
ochraceuniy and S. rnooseriy 8i)ecie8 which abound in the endemic areas of 
onchocerciasis in Cuattmiala. When these insects have gorged themselves 
upon a suitably infected individual, the microfilaria?, which are not digested 
or killed, pass from the gut to other parts of the fly, particularly to other 
parts of the abdomen and to the thoracic muscles. At first 200-300 /x in 
length, they soon b(*come broader — from 22-25 /x in breadth — and the caudal 
appendage becomes transformed into a short-pointed tail. 'I'w'o caudal 
papillie can usually be distinguished. Two ecdyst?s aj^parentl}’ take place. 
The developing parasites commonly inhabit the ^Malpighian tulx‘s. The most 
fully develoyxMl forms in SitnuLium measun* from 450-1,140 /x in length and 
usually from 10 to 25 /x in breadth. The fourth, or infective, larval stage is 
found in tlu* head of the insect after a period of ten days, or longer. 

In dissection of 2,088 simuLium flies caught in Guatemala in 1931, Strong 
has found I 1 per cent, to contain some stage of Onchocerca carafiens. 

For pathogenesis and eye symptoms, see, |)j). 783-787. 

MiCROFiLAiUA STRKPTOC EHCA (Macfio and ('orson, 1922 ; Stiles and Hassall. 

1926). 

Under the name of Agamojilaria streptocercGy Macfie has described a shciitliless microfilaria 
as being commonly found in the corium of the skin, but not in the blood-stream, of natives 
of tlio Gold (y)a8t, for tie found it in 22 out of 60 men examined at Accra. The adult nemaUides 
are as yet unknown. 'J’he embryo measures 216 fi in length, and can be distinguished, according 


Fig. 278. — Agamojilaria stre ptocerca embryo, showing 
characteristic curvature of tail, x 2(K). {Dyce Sharp.) 

to Dyce Sharp, by the “ walking-stick handle ” appearance of the tail extremity. Recent 
experiences have shown that this filaria has a wide distribution and is common in the Camer- 
oons. The arrangement of the nuclei in the head and four rounded ones in the tail are dis- 
tinctive and afford an index of differentiation from the embryo of O. volvulus and A. persians. 
The insect vector is at present unknown. (Fig. 278.) 



Dracunculus medinensis (Linn., 1758)^ 

Guinea-worm 

This worm lives in the subcutaneous tissue of man, especially of the leg, 
arm, and back. Its occurrence in the ox, horse, dog, wild-cat, jackal, and 
leopard ia now regarded as accidental, though dogs, monkeys and cats can 
be experimentally infected. 

'According to Leiper, Draounoulus is not a valid generic name for the guinea- worm; 
he has proposed the name Fullebomius to replace Dracunculus, but the latter name has 
been definitely sanctioned by the International Commission of 1915. 
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D. medinensis is a common parasite of man in India and Africa apparently, 
and has been imported into the West Indies and South America. In Guiana 
and Brazil it has now become endemic. 



FiS. 279. — Dracunculufi medinensi'i. Ono-third iiat. size. 


The feruule is reputed to attain, in some instances, enormous dimensions ; 
it is probable, however, that worms of 5 ft. or 0 ft. in length owe their size 
to errors of observation — two worms, or their fragments, having been regarded 
as one. According to J^wart, in forty carefully measured specimens the 
smallest was about 32*5 cm., the largest 1 in. 20 cm. in length ; 90 cm. is 
probably an average length. The diameter of the worm is about 1 -5-1 -7 mm. 
The body is cylindrical, milky-white, smooth, and without markings (Fig. 279). 
The tip of the tail comes to a point and is abruptly bent, thus forming a 
sort of blunted hook. The head end is rounded off, terminating in w hat is 
known as the cejihalic shield. The mouth is triangular, very small, and 
surrounded by eight papilla^. (Fig. 280.) The alimentary canal is relatively 
small, being compressed and thrust to one side by the branched uterus ; in 
the mature worm it is probably caauil, for it has not been traced to an anus. 
Nearly the whole of the worm is occupied by the uterus, which is jiacked 
with coiled up embryos. (Fig. 281.) Each branch of the uterus ends in a 
short ovary. The vagina also may be lacking or extremely difficult to detecT. 
Leiper has shown that the worm discharges its young by a prolapse of tlie 
uterus, as described by Manson, and that the extrusion does not occur tlirougl) 




Fig. 280. — Anterior end and tail of J>. viedincnsi'^. x lo. {After Faust.) 

the mouth, as suggested by Looss and Manson, but by a rupture just outside 
the circumoral ring of jmpillae, possibly through the uterus itself. 

According to Polak, the Persians have long known the male to be a smaller 
worm, 7-10 cm. long. They also stated that at times as many as twenty of 
these small w orms might be found coiled round a female specimen. A shorter 
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(4 cm.) worm is described and has been regarded as the male, attached to 
the larger female worm within the subperitoneal connective tissue. Daniels, 
at the post-mortem of a monkey experimentally infected by I^eipcr six months 
previously, found three immature females (30 cm. long), and two remarkably 
small males (2-2 cm.) which were obtained, one from the psoas muscle, and 
the other from the connective tissue behind the oesophagus. 

Moorthy (1937) has once again found the male form in an experimental 
dog killed 103 days after infection. Nine males and 23 females were present, 
the former measuring 2 •1-2-9 cm. in length ; one was actually present in 
the meninges. The males have equal spicules 490-730 /x in length and a 
gubernaculum 200 /x in length. The finding of living male forms in the tissues 
of experimental tlogs affords evidence that copulation takes place in the 
deeper body tissues, and not, as some have considered possible, in the intestinal 



281. — Transverse section of D. mcdincn.sisj .'<hounntj conUiincd embryo. 

(After Lcuckart.) 

tract. The later history of the male is still obscure, possibly, when it has 
performed its function, the creature is absorbed. 

The embryos (Figs. 281, 282) measure 050-750 /x long by 17 ^ broad. 
According to Looss, they are flattened, not cylindrical. They are provided 
with a long, shmder tail, a rounded head, an easily distinguishable alimentary 
canal, a rudimentary anus, and a bulbous oesophagus. The cuticle is trans- 
versely striated. Two peculiar glandular organs are situated in the root of 
the tail. 

The embryos, in swimming, move by a sort of side-to-sido lashing of the 
tail and tadpole-like motion of the body. The movements are intermittent, 
sudden short swims alternating with brief pauses. When progressing, the 
greater transverse axis of the body is perpendicular to the plane travelled 
over. 

Moorthy has described abnormal embryos exhibiting prominences on the 
dorsal and ventral caudal surfaces ; but they do not survive. 

In clean water the embryo remains alive for six days ; in muddy water 
or in moist earth it will live from two to three weeks. If slowly desiccated 



968 


MEDICAL HELMINTHOLOGY 


it does not die, but may be resuscitated by being again placed in a little 
water. 

Transmission. — Historically, Ft^dcheriko is crodiU*d with the discovery of the life-cycle of 
the guinea-worm in cyclops. I^eiper asserts that it was by observing the development of 
Cucullanus in cyclops which led 1^‘uckart to suggest to Fi'dchenko that Dracunculus did the 
same. Apparently, the figures published by the latter as those of Dracunculus^ were really 
those of Cucullanus. To Hanson, then, must be given the credit for his original observations 
on this matter (1895). 



Fig. 282. — Embryo of Jj. medinensis X 150. 

a, Side view ; h {alter Lnoss), front view. 

If dracunculus embryos are placed together with Cyclops quadricomis, 
or allied species {C. strenuus, C. viridis, C, coroTuiius^ C. hicuspidaim, 
Mesocyclops leuckortif and Af. hyalinus)^ in a watch-glass, after a few 
hours the embryos will have been ingested by the; cyclops (Fig. 283), 
where they can be seen moving about, coiling and uncoiling themselves, 
with considerable activity. Apparently the jerky movements of the em- 
bry^o attract the cyclops in the same way as a trout is attracted by a 



GUINEA-WORM 


tly, and the cruBtaceaiiB actually do hunt this embryo. As many as fifteen 
or twenty larvae may be counted in each crustacean, which, unless the in- 
fection is excessive, seems in no way inconvenienced. After a time the 
embryos so transferred undergo a metamorphosis. They cast their skins 
two or three times, get rid of their long, swimming tails, acquire a cylindrical 
shape, and ultimately, along with increased size, develop a tripartite arrange- 
ment of the extreme posterior end, as in W. bancrofii and Loa loa. The rate 
of development varies according to the temperature ; usually it takes four 
to six weeks. This larva is 1 mm. in length, and at this stage it is ingested 
by man and completes its development in the connective tissues. Develop- 
ment of the adult worm is believed to take about a year. 

According to Liston, 38-6 per cent, of the cyclops in some Indian villages 
are infected ; while Chatton in Dahomey records a much higher figure. The 
latter has suggested that the same species of cyclops does not necessarily 
form the most suitable intermediary host in the various countries in which 
the guinea-worm is endemic. In Tunisia the appropriate species ajipears 
to be C. viridis. 



LarvcB pro- 
truding from 
thorax 


Fig. 283.-— Embryos of D. medinenais in body-cavity of cyclops. 

(Manaon’a original preparation. Photo : Mr. Andrew Pringle.) 

'I'lie cyclops has been slightly compressed so as to force out some of the worms, whit;h cun 
be seen escaping from ruptures at the head and tail. 

(For further details pp. 788-795.) 
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ARACHNIDA (MITES AND TICKS) 

(a) MITP]S 

Sarcoptes scabiei (Linn.. 1758) 

Itch-mite (F'igs. 284, 285) 

Morphologically identical species are found on all domesticated animals, as well as on 
foxes, wolves, and the llama. They can maintain a temporary existence on the human skin. 

The female is 0-3-0-4 mm. in length, the male 0*2 mm. The latter is provided with a 
penis situated at the fourth pair of logs. The sexes may ho distinguished by the epimera of 
the second pair of hind-legs, which unite w’ith the sexual orifica^ in tlje male, but in the female 
are free : the hind-leg in the male is provided with a sucker ; in the female, with a bristle. 
The gravid female lives in a burrow in the skin, at the entrance of w hich the male keeps watch. 
The eggs, measuring 150 fi in length by 100 u in breadth, are laid in the burrow', 40-50 in 
number, and give rise in a period of three to five days to larvte, which pass tlirougli four stages 
in a period of alwut three weeks. In the first stjigo the hexapod larva moults several times, 
becoming an octopod nymph, characteriz,cd by 12 dorsal spines. The third stage is entered 
about the twentieth day, when the nymphs moult and become sexual males and females, which 
pair off. During the fourth stage the impregnated female moults once more and develops 
a sexual orifice ; she then burrows into the skin and deposits the eggs. Tlie average life of 
the adult parasite is four to five weeks (Munro). 

Prevention and treatment of scabies. — The promiscuous use of 
blankets and the lack of washing facilities aid in the spread of the disease. 
Preparatory to treatment the pjatient should be well washed in a hot bath 
(106° F.) containing 2 oz. of washing soda. He should be instructed to 
immerse himself in this for twenty minutes. The body is then scrubbed well 
with soft soap and a scrubbing brush, the hands with a stout tooth-brush. The 
burrows are thus torn open and the acari removed or exposed k) the 
parasiticide. After drying, the patient is rubbed all over with a piece of 
lint dipped in 3 oz. of liquor calcis sulphuratus B.P. It is important that a 
fresh solution be used for each case ; if the skin is very sensitive, it may 
be necessary to dilute the solution at first. If this solution cannot be obtained, 
unguentum sulphuris, 2 oz. at a time, should be thoroughly rubbed in for 
at least twenty minutes. The treatment of scabies by sulphur fumigation 
is useless. 

Mitigal (Bayer & Co.), a hydrocarbon compound containing sulphur, 
is less irritating and possesses no unpleasant odour. It is rubbed into the 
affected area for three consecutive evenings and allowed to dry on. The 
patient should be forbidden to wash. Kathiolmi is the Danish preparation 
and is very active ; it is the one used in the British Navy. 

Huber has described a new practical and quick method of' treating scabies 
as practised in Germany and Hungary. The whole body, with the exception 
of the neck and face, is painted with a 4()-per-ccnt. solution of sodium 
thiosulphate (“ hypo ”). After fifteen minutes for drying, the skin is rubbed 
with 5-per-cent, hydrochloric acid, this also being left to dry for fifteen 
minutes. The whole process is repeated, and the patient puts on clean linen. 
On the next day the application is repeated in exactly the same manner. 

970 
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Kissmeyor (1937) reconiniends a rapid ambulant treatment with a benzyl 
benzoate lotion an follows : 

Soft soap (B.P. 1932) 

Isopropyl alcohol, ((JHglo f'H.OW 
Benzyl Iwrizoate, < 

The quantity necessary for ea(;h patient is 350 grrn. 

The treatment is carried out in forty-five minutes without any damage to 
the skin, and is inexpensive. The whole body is anointed with soft soap, and 
the patient then soaks in a warm bath at lOO'' F. for ten minutes. While 
still wet, the body is bruslu'd all over w ith the lotion, using a brush of Russian 
pigs’ bristle. Twenty-four hours later, a second bath is taken. 

I'&diculoidex, especially the species J\ venlricosus (Fig. 199, p. 701), is parasitic on insects 
and is often found in raw cotton, which has given rise to epidemics of itch among stevedores 
unloading cotton Hhi()s. Tl»e abdomen of the ])regnant female of this species Ijccomes swollen 
with eggs, like a small chigger. In it the eggs hat(*h and the young eomplete their tievelopment, 
to issjie f»>rth as adults. 



Fig. 284. — Sarcop- Fig. 285. — Sarcop- Flg„ 286. — Leptus mi- 
tes scabici : ventral tes .scab iei : dorsal lutmuUis. x 50. 

aspect. 35. (.-l//cr view. •: 40. (.4/fer ('l/ter Hirst, **Jovrn. 

(Uinestri ni .) lirampt.) Economic Bioiy) 

Trombidiid^ 

The family Trorabidiidac are large, bright-red creatures, known as velvet 
mites, predaceous on their own kind and other insects, while some are very 
destnjctive to plants. The larvae of this family may infect the human skin, 
causing very severe itching, and are known as harvest-bugs. The orange- 
(ioloured larva, Leptus autiiimmlis^ 0 5 mm. in length, is produced from 
eggs which are deposited by the parents on the ground (Fig. 286). The 
adult form is unknown. Normally this mite is parasitic on moles and hares ; 
it only lives for a few days on man. The injection of toxins by these small 
C!(‘atures is effected by the stylostome — a long suctorial tube formed by 
thf- salivary secretions, by means of which the larva penetrates the skin 
of its host and digests the surrounding tissues. The wall of this tube is 
formed by solidified secretion from the mouth, and becomes detached and 
left in the tissues when the replete larva quits its hold. Inunction with 
oleum cajuputi, or bandaging the irritated part with material soaked in a 
weak solution of subacetate of lead or sulphate of copper, gives relief. 

Other sf)ecies of medical interest are Trombicula akamiishi, T. schuffneri 
and T. deliensis, the Kedani mite, or intermediary hosts of the virus of 
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Japaneye river fever. (Fign. 287. 288.) The form whi(‘h fraiiymits tjie 

is the hexapod larva of a mite {Trnmhicula (dnmushi). and lives or) the tielrl- 

vole (IMierotiis), the honse-rat of Formosa {H. raftus rufrsrrtis), and other 



Fijf. 287. — Tromhicula akaniKshi : full- 
grown imago. X 35. {After Miza- 
jirna and Okvmnra.) 


Fig. 288. "Larva of 7 'rotniticuld 
akainu^hi. ' 80. {After Hirst, 
**Journ. Economic Hiol.'') 


rodents. The adult form, or Tromhicula, is found in the soil of infecknl 


fields ; it is a tiny creature 0-9 mm. in length by 0-5 mm. in breadth, is pale- 
grey or red in colour, with two rudimentary eyes and four pairs of legs ; 
the anterior pair of legs are stout, and are carried on the anterior part of 
the cephalothorax parallel to the pedipalps. On the ventral surface an> 
situated two pairs of suckers close to the genital orifice and the anus. The 
larva, or leptolronihicula, measures 0-4 mm. in length by 0-25 
mm. in breadth and resembles Leptus autumnalis in general 
appearance, but the legs and pedipalps are stouter, and the 
body, including the legs, is covered with minute plumose hairs. 
The cephalothorax bears a pair of eyes conspicuously red in 
colour. The nymph has a peculiar figure-of-eight shape, an 
abdominal constriction dividing the body into two parts. It 
measures 0-65 mm. in length, and in due season moults and 
becomes adult. {See also, pp. 270, 271.) 

Harvest-bugs occur in practically every part of the world 
and are especially annoying in some parts of the tropics. In 
Surinam there is a very vinilent form known as Acarus 



halatus ; in New Guinea and Celebes the Microtromhidium 
wichnmnni, in South America the Microtromhidium moleMis- 
simnm, or “ Bicho Colorado,” are the best known. 

Demodex folliculobum var. hominis (Simon, 1842) 

This parasite (Fig. 289) lives in the hair-follicles and sebaceous glands 
around the mouth and nose of man. Similar species are met with in most 
domestic animals, as in the case of Sarcoptes, and are very minute, 0 -3-0 *4 
The abdomen is marked off from tlie cephalothorax, and is elongated 
and transversely striated. The anal opening is situated at the junction of the oephalo- 
thorax and abdomen. The head is provided with a prominent rostrum — there are no 
vestiges of eyes ; the mouth is adapted for sucking, and is provided with various 


Fig. 289.- 

Dernodex 
foil iculo- 
rum. X 100. 
{After 
B r n m p i. ) 

mrn. in length. 
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nidiineiitary appendages. The cephalothorax has four pairs of very short and stumpy 
legs with terminal nidimentary claws. In order to demonstrate them, one should express 
the sebum from the mouths of the sebaceous glands or comedones, and examine under a 
microscope in a drop of oil or xylol. If the condenser is shut down, one can distinguish the 
different larval stfiges. 

The female lays heart-shaped eggs, (iO-80 p long and 40-50 p broad, which on 
hatching give rise to hexapod larvm ; after moulting several times these liecome sexually 
mature. All stages of development are passed within the follicles, b\it the mature parasites 
are believed h) migrate over the skin. As regards their pathogenic r61e, they are responsible 
for inflammation of the eyelids when they occur in the Meil)omian glands. 

(b) ticks (Ixodoidea) 

The Ticks are cosmopolitan in their distribution, and are interesting as 
carriers of various diseases. With the exception of Argas and Omiihodorus, 
in the adult state the}" rarely voluntarily attack man. Ticks are always 
visible to the naked eye, and the females are invariably larger than the males ; 
in some species the fully engorged females may measure nearly half an 
inch in length. They are divided roughly into two classes — soft and Imrd. 

Life-history. — After impregnation the female tick attaches herself to her 
host. Becoming enormously distended with its blood, she drops off and 
secretes herself in some convenient hiding-place where she deposits her eggs, 
which are small, yellowish grains, amounting in some cases to thousands. 
Oviposition begins from two to ten days after the host has been quitted, 
and goes on for several days. In due course (two or three w"eeks under 
favourable conditions) the eggs are hatched. The larvae look like minute 
moving grains of sand ; they are characterized by having only three pairs 
of legs, no stigmata, and no sexual orifice. A suitable opportunity presenting, 
the larva attaches itstdf to a vertebrate host. After a pt^riod of growTh, it 
goes through a fii*st moult (eedysis), and emerges from its larval skin as a 
hi/mpha, provided with eight legs instead of six, and with a pair of large 
stigmata placed one on each side of the body, behind the fourth pair of legs. 
After a st'cond jx?riod of growth and a second moult, it becomes sexually 
mature. In some species, as in the case of Margaropus bovis, the meta- 
morphosis from larva to nymph, and from nymph to imago, takes place 
upon the same host, the parasite remaining attached during the process. 
In other spexaes, as in the case of Hmrtmphysalis leach i\ the tick, before each 
moult, drops off as soon as it ceases feeding, and in consequence has to find 
a host three times during its life, instead of once. The life-history of the 
hard ticks- —Omit hod or us and Argas — differs in many resjiects (see below"). 
Having reached maturity, the sexes unite. After fertilization the male dies 
but the female proceeds to engorge herself w"ith blood for the development 
of her ova. 

On account of the difficulty of finding an appropriate host, ticks are at 
all stages endowed with a phenomenal capacity for fasting. Megnin found 
Argas persicus alive after a fast of four years’ duration. The following is a 
short account of certain species of pathogenic importance : — 

iSoft Ticks (Argasidcs). 

Ornituodokus woubata (Murray, 1884). (See. Plate VII, 3, facing p. 224) 

This species is widely distributed in Africa, from Uganda and Somaliland 
in the east, and Congo and Angola in the w"est, to Namaqualand and the 
'IVansvaal in the south. 

'J’lu* IkkIv is rotund and oval in outline ; the colour, when the tick is 
alive, is greenish brown. The integument is hard, leathery, covered with 
close-set shining granules or tubercles, and marked both above and below' 
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with symmetrically-arranged grooves. The females may attain about 8 mm. 
in length by 6 to 7 mm. in breadth ; they moult frequently. 

In habit Omithodorus mouhata resembles the common bed-bug. It lives 
in the huts of the natives, hiding during the day in cracks in the walls and 
floors, or in the thatched roofs, and moving about actively during the night 
in search of nourishment. It attacks both man and beast. It feeds slowly, 
and would be unable to get much blood from any but a sleeping person. It 
deposits its eggs in batches of 50, 70, or 100. Dissection has shown that only 
a few eggs mature at a time. The fertility of the female is fav^oured by liberal 
feeding. She lays batches of eggs after each feed, but does not continue to 
moult. The eggs hatch in about twenty days. In this tick the larval stage 
is practically omitted. About seven days after oviposition the hexapod 
larva can be seen to be forming within the translucent egg-shell. About 
the tliirteenth day the egg-shell splits, and about the same time the larval 
skin splits also, and the eight-legged nyrnph throws off simultaneously both 
the egg-shell and its larval skin. There are several nymphal stages. The 
largest nymphs may equal adults in size, and show a ])unctiform mark wIutc 
the sexual orifice is situated in the adult. 

An interesting feature, and one perhaps having a bearing on the a>tiology 
of tick-transmitted diseases, pointing as it does to a channel by which the 
eggs may receive a germ ingested by the parent, concerns certain cells in the 
stomach-wall. The tick, while feeding, from time to time exy)el8 [X‘r anum 
a whitish material. This excretion is deriv€*d partly from the Mal})ighian 
tubes, and partly from the cells alluded to. In the stomach-wall, nourished 
by the imbibed blood, these cells elongate towards th(‘ ca\'ity of the ventricle ; 
the other end, smaller and l>ecoming clavate, splits and emits the* elaboraU'd 
nutriment into the g(meral body-cavity, where it mixes with the blood of 
the tick. The cell then, becoming globular, drops into the lumen of the 
stomach, constituting part of the white excretion exindled per anum. Oru; 
can readily understand how, by the former routt*, a parasite could reach the 
tissues of the tick, including the ovaries {see j). 217). 

O. mouhata is especially common along the routes of travel. The rest- 
houses are always the most infested. The ticks are fn‘quently carried long 
distances in mats or bedding, or in jjorters’ loads w Inch have been piled for 
safety in the rest-huts at night. 

The natives of some places, and also the Boers, protect themselves by 
plastering their huts, both floors and walls, with mud and cow-dung. The 
huts are also frequently smoked in order to drive the ticks from the thatch. 
A most valuable remedy for immediate use is tlu? powder of the pyrethrum 
flower, which should be dusted between the sheets. Some protection may 
be obtained by keeping a lamp alight by the bedside at night. 

In certain parts of Africa the distribution of O. mouhata is overlapped 
by that of a closely allied species, O. savvpiyi, which is more diurnal in its 
habits and seems to have a predilection for market-places, cattle-stands, etc. 
0. savignyi is distinguished from 0. mouhata in being provided with eyes, in 
having larger processes on the legs and a more minutely pitted dorsal surface. 
O. savignyi has been recorded from Egypt, Nubia, Abyssinia, Somaliland. 
British East Africa, etc., as well as from Southern Asia. Its bite is dreaded. 

Ornithodorus laiiorensis (Neumann, 1908) 

In the nymphal state this tick lives on sheep in Centra! Asia. The achilt lives in cracks 
and crevices in native houses and walls in Persia and tlortherri India, and einerges at night 
to bitt; man. This species J.as been suspected of eanying relapsing fever in i’ersia, but the 
evidence is not very conclusive. 
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( )RNITJinl>«H{l'S VKNE/.nELENHlS (HrUIUpt, 1921) 

This tick is closely rehiUnl t-o O. taUije, O. capcnsis^ and (K (X)nicep,s. So far this 8p(}cio8 
has been rejiorU'd only from V enezuela and C-oloiiibia ; it ciinnot live in the hot coastal plains 
where (). talaj*^ abounds. 

The female is larger than the male, measuring 6-6 mm. by 3-4 mm. broad. Its home is 
in the mountains, at an elevation of 3,000-6,000 ft., where it lives in the walls of human 
liabitatitJus, often in company with bed-bugs. In habits it is very voracious ; it bites savagely 
and repeatedly whilst expelling a litjuid co.xal fluid. Its development has been studied by 
Jinimpt. 

The engorged, fecundated female lays 60-100 eggs, in several batches. The hexapod 
lurvie, on emerging, are very active, engorge themselves in a few hours on mammalian blood, 
moult, and give rise to a nymph which feeds without undergoing an ecdysis, as in talaje and 
ro7iicep,s. 'J'heso evolutionary characteristics are the main points which led to its recognition 
as a separate species. The nymph moults after each feed, and becomes adult after the fourth. 
I'his tick conveys relapsing fever, probably hereditarily, as in O. moubaia, in Colombia and 
Venezuela. 


OiiNiTiiODORUS Euraticus. (Lucas, 1840). 

Synonym. — (). morocavvs (V’elu, 1010). 

This tick inhabits piggeries, e.specially in Morocco. This appears to be an acquired habit, 
because under natural conditions it lives in burrows of varic-us animals far from human 
liabitations. d'he bites of this spe»‘ies are extremely painful. In Senegal, especially in Dakar, 
it transmits Splrocha^lu duitoni (syn. *S’p. crocidurte) to man. In Spain and Morocco it transmits 
Sp. hi.spaniai, especially in the hexapod larval state. The male is S—l- rnm. in length by 
2-2-6 rum. in breadth ; the female is 4-6-6 nirn. in length by 2-6 to 4 min. in breadth. 

O. vormavdi (lArousse) is a wvry .small Tunisian sub-species, reported to be a vector of 
relapsing fever. 

Ormithodokus hehmsi (VV’heeler, Hcrms and Meyer, 1936) 

This small spt^cies lives in burrows of many rodents at an elevation of 4,000-7,000 ft., at 
Big Bear I.4ik(', San Bernardino County, California, and can easily be distinguished from the 
other K()eci(‘s, especially (K talajr and 0. iuricala. It transmits the Californian spirochfete, 
tSp. turimlce. The female is of a sandy colour when not engorged, and is ovoid in shape, 
6 mm. in length by 3-1 mm. in breadth. The male is similar in appearance to the female, 
and measun-s 3-8 mm. by 2-4 mm. This species differs from O. tiilujt in minor details, but 
especially in tlu’ smalh r si/<* of the male. 

OKNTTHonoRUS rAiULLU'Es (Birula, 1896) 

Synonym. C. tholozani (l^aboulb^e and Megnin, 1882) 

This sp<‘cies, which rather resembles O. Uilajr, is widely spread in Palestine, Iran, auvl India, 
and is specially abundant in Turkestan. It is know'u as the “ Persian bug.” It has now Ixkui 
found to transmit Sp. jte.rsica in the centres where it abounds. The male is 4-6 mm. in length, 
and the femah‘ may attain 8-9 mm. In natim* it lives in tht? burrows of porcupines and 
jerboas. The I'volution is the same us in O. erraticus. 

Okmthodokus talaje ((Bierin-Mencville, 1849) 

This tick, measuring 6-6 mm. in length by 3-4 mm. in breadth, closely resembles O. 
venc.zudojisi.^i and ranges from Mexico to Paraguay, but has recently been recorded also from 
the Gold t^oast. It is nocturnal in its habits. 

Argas l ERsicus (Fischer, 1824) ; A. miniatus (Koch, 1844) (Plato VII, 4, facing p. 2:>4.) 

This tick is found more commonly in the north and east of Persia, also in Syria, TurkesUui, 
Russia, China, Algeria, and Capo Province, in North and South America and the West Indies, 
VVostern Australia and Queensland. It attacks both poultry and human beings, and infests 
old houses, living in the cracks of walls and floors. 

Balfour has infected chickens wdth S. gallinarum by feeding them on the eggs of infected 
Argas pcrsicus. This tick was formerly thought, on epidemiological grounds, to carry relapsing 
fever bj man in Iran. 


Hard ( lodida') 

KiiiPicEPHALrs SANGUINEUS (LatreiUe , 1804) 

This Cck, which is brown in colour, is a cosmopolitan species. In the tropics it is found 
m 11 the year round, and lives on the dog, the whole cycle being ocmplcted inside the dog kennel. 
This tick usually uses three hosts, that is to say the larva), nymphs, and adults abandon the 
animal on which they are living after each i-epast. The female engorges herself with blood. 
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and imnu'cliately, on sa-parating from ih«‘ dog, lays 1,(K>0 -.'1,000 browu t-ggs, which hatch at 
25° ( ; after hatchuig, the larva3 attacli themselves to a new host. At 15-20° (\ the larvte 
can live three to four months. This species can transmit the vims of typhus fevtT in Soutli 
America and in South Africa, and also the fitjvre bouUaineuse of Marseilles. 

HjEMAPII YSALIS LKAIUII (Audouili, 1827) 

This tick is found in the adult as well as in larval and nymphal states on carnivora, and 
rarely on man. It quits its host at each stage, and is an active carrier of piroplasmosis in 
dogs in fSouth Africa, and may carry the virus of typhus fever in that country. 

AmBLYOMMA IIEBH.EUM 

This is an African species widely distribuhjd on lizards and birds (ostriches and fowls), 
mammalia, and man. It favours three hosts, usually of the same species. The female can 
lay 20,000 eggs, and in man it transmits in South Africa tick-bite fever (p. 203). 

Amblyomma ca,)knnkxse (Koch, 1844) 

This tick is of a large size and the males are adorned on the carapace with a silvT*ry design 
It is found in Anu'rica, from Texas in the north to Argentina and Paraguay in the south, and 
its natural host is the peccary. This is an important tick in South AnuTica, and it undoubtedly 
transmits the virus of typhus in Sao Paulo ; under laboratory conditions, it also conveys the 
virus of Rocky Mountain fever (p. 263). 



Fig. 290. — Dermacentor anderaoni^ A. { Xnttall.) 

Dermacentor andeksoni (Stiles, 1908) 

Synonym. — 7>. venuHm (Banks, 1897). 

This species is very abundant in the Rocky Mountains. The adult makes its appearance 
during the summer months, and is parasitic on horses, big game, and wild animals. It 
frequently feeds on man. (Figs. 290, 291.) 

The larvae and nymphs are found on small rf)dents, especially ground-squirrels, which 
may act as the reservoirs of the virus of Rocky Mountein fever. 

The developmental cycle is as follows : The femal»» tick, when engorged with blood, some 
four to six days after quitting her host, deposits 5,000-7,000 eggs. The hexapod larvee emerge 
on the sixteenth day, and very shortly, within two to eight days, proceed to engorge them 
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Belves with blood. After the larva has fallen to the ground and moulted, a uymjjh is produced 
w'hich can survive iu this state for 300 days, and this, t^>o, after feeding, falls tf> the ground 
and moults. 

The recently-devolopful male and female ticks are capable of fasting for two years.. When 
they attach themselves to their mammalian host they gradually engorge themselves with 
blood, and copulate four days later. After a period of eight to fourteen days the gravid females 
fall to the ground and deposit their eggs, while the males remain still attached to their host. 
Under natural conditions, when interfered with by cold weather, the whole cycle may take 
two years. 

Derma CENTOR VARiABn.is {Say, 1821) 

Synonym. — D. clectus (Koch, 1844). 

This tick is the principal vector of the spotted fever of the Rocky Mountains in the Central 
and Eastern portions of the United States. It may also cause canine paralysis. It is widely 
distributed in North America, Iwing most abundant along the Atlantic coast. The immature 



Fig. 291 . — Dermacentor anderaoni, 9, {Nuttall.) 


stages feed almost exclusively on small rodents, especially mice ; the adults attack dogs and 
other large host animals. In other rt'spects it resembles 1). andersoni. It usually has three 
hosts. 


THE LINGUATULlDiE 

'J'he Linguatulids are degenerate arachnids havmg neither eyes nor feet. 
The body is annulated, giving them a rough resemblance to a tapeworm, but 
Van Beneden (1848) first recognized their arthropod nature. 

Ljnouatula SERRATA (Frolilicb, 1789) 

It is found in Southern (Jermany, Switzerland and Brazil. 

This linguatula (Fig. 292) is found in its adult state in the nasal cavity of dogs, w'olves, 
and foxes : rarely in sheep or goats. The larvte are met with frequently in the mesenterio 
glands of domestic animals, as well as in rabbits and hares, and have been found by Zenker, 
in 4*6 per cent, of autopsies, in the liver of man, in whom they appear to cause no symptoms. 
In Brazil it has been recorded as an intestinal parasite. The infection seems to be acq\iired 
through eating raw vegetables oontjiminatcd by the nasal secretion of dogs. 

02 
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The body of ilm pamsile is Sf^mouhat. |vvtr-slia|)c(l and flaMeiied, and (ratis\ rrst ly siriafruJ 
with about Ul) ritiKS ; the mouth is roughly (piadrangular in shape ami surrounded by hooks. 
Idle intijstine is simple. 'Pho male is wliito, 1H~20 mm. long, and ineasun*.s .‘1 mm. broad an- 
teriorly, 0 *i rum. posteriorly. The female, 8-10 mm. in longtli. is grey, but may bo brown 
when packed with eggs ; anteriorly she measures 8-10 mm. broad, posteriorly 2 mm. The 
eggs are ovoid, and 90 /t in length by 70 « in breadth. 

The eggs contain ripe embryos when they are deposited by the female, and pass out with 
nasal mucus to become attached to grass and other herbs ; they are then ingested by the 
definitive host, penetrate the intestinal coats, and enter the viscera, the liver, lung, mesenteric 
glands, kidney, etc. The larva, having grown to 5-0 mm. in length, encysts, and is ingested 
by various carnivora, then, seized with a “ wanderlust,’' escapes from the cyst, falls into the 
peritoneal cavity and even into the lumen of the intestines, and so may possibly reach the 
adult stage in the nasal cavities of the same host. 
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Fig. 292 . — Linguatula 
Berrata. ( A fter Brumpt.] 

1 , Larval fonn ( X G) ; 

2, mature form (nat. size). 



Fig. 293. — l*(^r<>ccphalus 
armillaius. Kat. size. 
{After S(Wibon.) 



PoROCEPHALus ARMiLLATUS (Wyniaii, 1848) 

Synonym .^ — Armillifer armillatus. 

F. armillatus seerns to be confined to tropical Africa, and hitherto, as 
regards man, mainly to negroes. Salm has found a porocephalus encysted 
beneath the serous coat of the small intestine of a Djambi native in Java. 

The adult form inhabits pythons and other snakes. It has been found in 
Python sebcBy in the royal python (P. regius), and in the nose-horned viper 
{Bitis uasicornis). The larval — or, more correctly, the nymphal — form has 
been found in the lion, in the leopard, in the mandrill, in the aard-wolf, in 
the giraffe, in Syke’s monkey {Cercopithecus albigularis), in the Pousargues 
guenon {Cercopithecus pousarguei), and in the African hedgehog {Erinaceus 
cBthiopicus), 

The body of the parasite is vermiform, yellowish, translucent, larger in 
females (9-12 cm. long by 6-9 mm. broad) than in males (3-4-5 cm. long by 
3-5 rn. broad) ; cylindrical in the anterior half, slightly tapering posteriorly, 
and terminating in a blunt-pointed cone. It is characterized by the presence 
of prominent opaque rings 1-2 mm. wide, numbering 16 or 17 in the males. 



Radiograph of Porocephalus infection of the liver in a negro. 
The calcified larval parasites are encysted in the liver, 
where they can be recognized by their crescentic shape and 
cork-screw like appearance. 


{Dr. Carmicliarl L()2k)'s cast'. Jiy kind pcr)nissio)i of Dr. Mather 

Gardiner.) 
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18 to 22 in the females, placed somewhat obliquely and separated by inter- 
annular spaces 2-5 mm. wide, except between the first rings, which are 
faintly indicated by shallow linear furrows. (Fig. 293.) There is no clear 
distinction between cephalothorax and abdomen, and the rings nearest the 
eephalothorax are sometimes so indistinct that it is almost impossible to make 
out their actual number. The cephalothorax is depressed, slightly convex on 
the dorsal, more or less concave on the ventral surface. It is rounded 
anteriorly ; posteriorly it is limited by the first body-rings. It varies 
considerably in length ; its breadth is from 4 to 7 mm. The mouth, opening 
on its ventral surface about 1 mm. from the anterior border, is lipjKjd by a 
chitinous ring. Above it are two prominent papillte. On either side of the 
mouth arc two protractile chitinous hooks similar in shape to feline claws. 
The anus is U^rminal at the posterior end. The genital orifice of the male is 
at the ant<‘rior end of the abdomen, in the middle of the ventral surface of 
the first body -ring ; that of the female opens in the middle of the ventral 
surface of the caudal cone at about 1 mm. from the anus. The female is 
oviparous ; the eggs are broadly elliptical, double-shelled, and measure 
108 fM in length by 80 p,. 

The nymf)hal form is usually found spirally coiled within a cyst, the ventral 
surface corresponding, as a rule, to the convexity of the curve. In shape 
and structure the nymph closely resembles the adult, and the number of 
rings is the same. Calcification of the nymphal form in the liver and other 
organs, may take place. 

The life-history of P. is similar to that of the Euroj^ean lingua- 

tulid {Liiiguatula sermki). "J"he eggs, disseminated by snakes harbouring the 
a'dult form, reach the intermediary host probably with food or drinking- 
water. That this is the probable route in man is shown by the work of 
Broden and Kodhain, who gave porocephalus eggs to sleeping-sickness 
patients, and afterwards found the nymphal forms in their livers at autopsy. 
After entering the stomach the larva? jienetrate the mucosa, where some 
remain (Fiilleborn) ; others pass on and become encysted in almost any 
organ or tissue, mort‘ especiall}^ liver, mesentery, or lungs. At a certain 
stage of development they escape from their cysts and migrate to the serous 
cavities, where they cause considerable inflammation. As a rule, at this 
stage they are swallowed by their definitive host. 

Noc and Curasson state that in Cercopitheems the nymphal forms take 86 
days to develop, wdiile in the definitive host {Python seboe) a further 106 days 
are required for the parasites to reach maturity. 

There is much uncertainty as to the pathogeny of this parasite. Some 
(onsider it quite harmless. There can be no doubt as to the gravity of a 
heavy infection at the time when the parasites are migrating in their inter- 
mediary host. In Kearney’s case, reported by Aitkcn, twenty or thirty 
parasites were found encysted in the liver and one or two in the lungs. The 
lungs w^ero greatly congested. In Marchoux and Clouard’s case the parasites 
were found in the liver and in the mesentery all along the intestine, but 
especially about the ca?cum. In Chalmers’s case numerous parasites were 
found moving freely in the abdominal cavity over the surface of the various 
organs. Broden and Rodhain have I’ound them in 33 out of 133 post-mortems 
on the Belgian Congo. A large number were found within the lumen of the 
email intestine. Many were still encysted in the lungs. Apparently when 
dead the parasites become cretified, when they can be demonstrated by 
X-rays, as in the case described by Carmichael Low (Plate XXXI). 
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That this worm is pathogenic to monkeys when present in large numbers 
was shown by Fulleborn’s experiment. One monkey died after 60 days, the 
other 300 days, after being fed upon the tracheal mucus of infected snakes. 

The diagnosis of porocephalus infection during life, except by X-ray 
examination, is impossible. In the Oriental rcigion, P. armillatus is replaced 
by the closely related P. moniliformis, also parasitic in pythons. Several 
human infections have been recorded, one from Manila, one from Sumatra, 
and one in a Tibetan from China. P. moniliformis is more slender and 
has more rings than P. armillatus. The eggs are elliptical and double-shelled, 
about 108 ^ in length by 80 /x wide. They are enclosed in a large fluid- 
filled circular bladder. Experimental infection can bo produced by eggs 
kept under adverse conditions for three months. 


INSECTA 

MOSQUITOES (Family CuLiciD.ii) 

The geographical range of the mosquito extends from the Arctic zone 
to the equator and to both hemispheres, (liven stagnant or slow-flowing 
water and a summer temperature, this family of insects will be represented by 
one or many species. The distribution of particular species and the abundance 
of mosquitoes in any given place are determined, in addition to temperature 
and hydro-meteorological conditions, by various complicated circumstances. 

The adult insect feeds on vegetable juices ; the males, with few exceptions, 
exclusively so. In addition to a vegetable diet, the females of most species 
when opportunity offers, suck the blood of mammals and birds. The male 
mosquito, not being a blood-sucker, takes no part in the diffusion of disease ; 
it is the female only that is a germ-carrier. (Fig. 294.) 

iSoon after impregnation the female lays her eggs (Figs. 295, 296, 297) from 
time to time — singly, in groups, or in boat-shaped masses, according to 
species — either on the surface of still water, on which they float, or in pro- 
pinquity to water. The process of hatching out depends in great measure, 
as indeed do all the developmental processes connected with the mosquito, 
on tenqjerature, being retarded or even susjjended by cold and accelerated 
by warmth. In some species the eggs reniairi dornmnt throughout the winter 
or through a long sjiell of dry weather, but in ordinary circumstances the 
larvae hatch out in from two to three days, and at once proceed to feed 
.voraciously on the organic material suspended in the water. Being air- 
breathers, a great part of their time is passed at the surface of the water, 
where they lie in such a position — which varies with species — that the respira- 
tory opening, placed near the tail, can function readily. (Figs. 298, 299.) 
After several moults the larva, now very much increased in size, passes to 
the nymph or pupa phase (Figs. 300, 301), during which it ceases to feed, 
and for the most part floats just awash at the surface of the water. In 
from one to two days the pupa-case bursts and the insect, emerging, stands 
on the empty case till its wings have dried, when it flies away. From first 
to last, from egg to imago, the process of development takes about a month 
in the temperature of the Italian summer ; but a much shorter time (seven 
to ten days) may suffice in a tropical climate. As each female mosquito 
may lay eggs many times in a season, and many hundreds of eggs each time, 
and as the young female can produce eggs within a week or- ten days after 
her emergence from the pupa-case, it follows that one pair of insecits caii 
give rise to a large progeny in the course of a summer. 

During cold weather the development of the larva is temporarily sus- 
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pended, and the surviving adults, at all events the females, hil>eniate in 
dark and sheltered places, to become active again on the return of warm 
weather. In this way the species is carried over the cold weather of winter, 
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Fig. 294. — Female mosquito, to show anatomy. 


though there are some that hibernate in the larval stage and others in the 
egg. The duration of the life of the adult insect has not been definitely 
ascertained ; it is known that some species, if supplied with water and suitable 
food, can live for several months. 
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It is suggested that, to deposit her own eggs, the niosquito tends to return 
to the particular pool in which she herself was hatched out, and that she 
rarely strays from the vicinity more than a few yards, (piite ex(^eptionally 
beyond half a mile. Occasionally she may be blown for some distance by 



Fig. 295. — Various forms of mosquito eggs. 

a, Orahhnrnin dorsalis; 6, Vnlex pipiens ; r, (iilex scapula ri s ; d, Mansonia titillans : 
A(des (i i/iipli : /, Ttrriiorhi/nchus f ulcus ; <j, ('ulex fatiijans ; //, Janthinosotua 

lutzi ; i, TiCuior)i]incJnis fasciolafus. 


gentle winds ; and it is believed that in (certain circumstances, probably 
connect(^d with food sup])ly and overstocking, she will travel singly or in 
vast swarms for long distances. 8u(‘h migrations, however, are quite unusual. 
Of course, mosquitoes may be, and often an^, transported great distances 
in ships, railway (carriages, and similar vehicles, and in this way man aids 



Fig. 296. — Eggs of Anopheles 
inacuLij)ennis. 
a, Uiider side ; 6, upper side. 



03 

Fig. 297. — Culex faiigans egg- 
boat. (After Sarnbon.) 


in their diffusion ; but for the most part the mosquito is a feebU? and timid 
flyer, disliking to leave her accustomed haunt, and seldom rising high above 
the ground. 8o soon as even a moderate breeze springs up, she s(‘ek8 shelter 
in bush, or house, or cranny. 8ome spc*cies are domestic ; others live ex- 



Ig. 298. — Larva of Anopheles macvlipemiis Meigen, showing breathing position 
at surface of water. (After Howard, “ Bnll. United Stales Dept, Agr."') 
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clusively in jungle or forest ; some, after passing the day in the open, visit 
human habitations or the haunts of birds and beasts during the night. The 
great majority of species are nocturnal in habit, although many of these 
can be coaxed into activity by the reproduction of night-like conditions of 
shade and atmospheric stillness. 



Fig. 299. — Larva of Ciilcx fatigans in breathing position at surface of water. 

{After Howard^ “ Bulletin United States Dept. Agr.'') 

Fig. 294 gives a good idea of the leading features of the anatomy of the 
mosquito and of the names applied to the various parts and organs, and 
will help the student U) understand descriptions of genera and species. For 
distinctions based on scale characters, see Figs. 307-9. 

The antennae of the male insect (Figs. 302, a, and 303, a) are usually 
adorned with a profusion of long, silky hairs, in marked contrast to the 



Fig. 300. — Pupa of Anopheles Fig. 301. — Pupa of Cxdcx 

mac ul ipe nn is . fat iga u s . 


scanty, down -like, and short hairs on tlie antennae of the female ; this is an 
easily recognized indication of sex in most species. 

The proboscis consists of a number of piercing elements enclosed in a 
sheath — the labium, which, at its free end, is tipfx?d with two minute labella. 
In feeding, the mosquito raises her hind-legs and presses the tip of the pro- 
boscis against the skin. This causes the labella (Fig. 304, h) to splay out 
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and so serve as a support to the piercing elements — namely, the labrum, 
hypopharynx, mandibles, and maxillae (Figs. 304, 305) — which are now thrust 
into the skin. The labium does not penetrate ; as the stabbing elements 
sink into the skin the proboscis sheath bends backwards about its middle, 



fl, Male ; b, female. 



Fig. 303.— Heads of Anophelini. 

a, Male ; female. 


the labella still pressing against the skin and clasping the stylets. The 
secretion of the salivary glands passes along the salivary duct, and thence 
down a minute canal which traverses the hy|X)pharynx to its tip, and so 
into the subcutaneous tissues of the bitten animal. It is supposed that the 



h 


Fig. 304 .—Mouth-pads of female mosquito. 

a, a. Antenn® ; 6, &, palpi ; c, labrum-epipharynx ; d, d, mandibles ; 
e, hypopharynx ; /, /, maiill® ; g, labium ; A, labella. 


function of this secretion is, by irritating, to determine a flow of blood to 
the part bitten, and also prevent coagulation of the blood. To many people 
this secretion is a powerful irritant, although repeated inoculation tends to 
produce tolerance, as in the case of many other poisons. 
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A buccal tube is formed by the aj)position of the upper surface of the 
hypopharynx to the under-surface of the labrum (Fig. 305). Along the 
tu^ so formed the blood is aspirated by the expansion of the gizzard-like 
organ, and then driven by the contraction of the same into the stomach, 
or middle intestine as it is called. A mosquito will fill herself in a minute 
or thereabouts. She then withdraws her proboscis and flies heavily away 


c 





Fig. 305. — Section of mosquito's proboscis. 

{Adapted from Nuttall aid Shipley.) 

r, Labrum cj)i|)}mrvnx ; d, mandible ; hypopharynx ; /, maxillio labium ; 

I, salivary duct ; muscl(‘s ; k, trachea. 

to soiiu* sheltered spot to digest the meal. Apparently the first step in 
digestion is the concentration of the blood she has imbibed ; this is eff'ected 
by exen'tion of the watery portion of the liquor sanguinis. Often while 
this process of dehydration is proceeding, even w hile she is sucking, droplets 
of clear fluid may be seen ojecU‘d at her anus. The concentrated blood 
becomes in this way a viscid tarry mass, which is gradually, in the course of 



Fig. 306.— Wing of Culex (male), lo illustrate terminology. 

r, ('osta ; ri, auxiliary vein ; 1-0, Orst to sixth longitudinal veins and branches ; 7, seventh or false 
(unsealed) longitudinal vein; VI, unsealed vein between fifth and sixth longitudinal veins; 
h, humeral transverse vein ; supernumeraiy transverse vein ; m, middle transverse vein : 
p, posterior transverse vein ; A, costal cells; B, subcostal cells; C, marginal cells; />. anterior 
fork cell or first submarginal cell ; K, second subinarginal cell ; F, first posterior cell ; (1, hinder 
fork or second posterior cell ; I , first basal cell ; J, second basal cell ; K, anal cell ; L, axillary 
cell ; M, spurious cell. 

three or four days, jtartly absorbed, and partly voided as gamboge -coloured 
faeces. Tlie mosquito is now ready for another meal. 

The rich pabulum supplied by blood seems to favour ovulation. 

Many kinds of insect possess blood -sucking propensities. As a rule there 
is little difficulty in distinguishing most of these from the mosquito. There 
are certain diptera, however, which closely resemble the latter in their appear- 
ance as well as in their habit. These the student should learn to distinguish. 
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The principal of the mosquito-like blood-suckers are the Midges (Chirono- 
midse) and the Sandflies (Phlehotomus), The following are the diagnostic 
points : 

Mosquitoes have a long suctorial proboscis, and the veins of their wings 
are fringed with scales. (Fig. 306.) 



(H 

Fig. 307. Graphic key to distinctions based on scale characters. 

c. Narrow curved scales ; e, f, hair-liko curved scales ; g, h, upright forked scales ; i , j, long, 
twisted scales ; A, largo lanceolate scale ; Z, m, small narrow lanceolate scales ; n, largo c.\[)anded 
scale ; o, spindle-shaped scales ; q, broad flat scale ; r, s, broad irregular scales. 


Midges (Chironomidai) are very slender and minute, have a short suctorial 
apparatus, and their wings are devoid of scales. (Fig. 324, p. lOCK).) 

Sandflies (Phlehotomus) are small, slender, and very shaggy ; have a 
comparatively short suctorial apparatus, comparatively long legs, narrow, 
pointed, hairy wings, and long, hairy antennae (Fig. 321, p. 997.) 

Most authorities separate the Culicidie into two subfamilies, namely 



Fig. 308. — Various types of “scale vestiture.” 

(Such scale characters are now regarded as specijic and not of generic importance,) 

a, Anopheles, head, scutellum, and lateral view of head scales; Aides {Slegomyia) n-gt/pti, head 
scutellura, and lateral view of head scales. 


— (1) Corethrina3, in which the proboscis is short and not formed for piercing ; 
(2) Culicinse, or typical mosquitoes with elongate proboscis. The Culicinae, 
again, are arranged in four natural tribes. 

Genus Anopheles Meigen (Plate II, facing p. 58) 

Head only moderately broad, usually covered with upstanding forked 
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scales, though scales of other kinds are also present in a, few siJecies. (Figs. 
307-11.) Maxillary palps long and spatulate in the male ; as long as, or not 
much shorter than, the proboscis in the female. Free edge of scutcllum 
simply convex, not trilobate ; post-scutellum bare. Abdomen either sjiarsely 
hairy or with localized patches of scales ; sometimes with a considerable 
expans(5 of scales, which, however, never form a uniform, complete, and 



rig. 309. --Continuation of Fig. 308. 

MegarhimiSy heal, scutellurii, and lateral view of head scales; e, Ciilez, head, scutelhirn, and 
lateral view ol head scales. 

compact investment. Wings commonly dappled or profusely speckled, but 
occasionally quiU' spotless. I^gs remarkably elongate (Figs. 310,311). In 
reiKise the body is usually inclined at an angk‘ with the resting surface 
(/?ce Figs. 313, 314). 



fig, 310.— Anopheles mac u/ 1 Fig. 311 . — Anopheles fnnestus^ 

female. female. 


The eggs are boat-shaped, and with rare exceptions have their investing 
membrane inflated laterally to form a pair of floats. (Fig. 296.) 

The larva has the head at least as long as broad, and has four bristles 
or feathered hairs projecting from the free edge of the clypeus. The long 
lateral hairs of the thorax and abdomen are strongly feathered. Some or 
all of the abdominal segments, as far as the seventh, carry dorso-laterally 
a pair of characteristic rosettes or cockades of scales. The breathing openings 
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are silualt'd in a hollow on the dorsum of the eighth scgnieid,. the hollow 
being bounded laterally and posteriorly by a system of folds or valves, whereby 
the larva assumes a horizontal position. (Fig. 298.) 

The larv^jr oeeur, Jiot only in all kinds of stagnant wa ter, but also in pools 
in the beds of rivei-s and mountain streams, or even in the current if there 
arc also floating weed and debris for their protection, in domestic w^ater- 
vessels, and, occasionally, in the water that collects in holes in trees ; some 
species thrive in brackish or salt water, and each species lias its own particular 
kind of habitat. 

As regards the capabilities of any particular species of anojiheline as a 
factor in the transmission of malaria, it is necessary that one should ascertain, 
as Swellengrebel, Schiilfner and de (teaaf have pointed out, whether the 
species occurs in numbers ; whether the parasites of malaria can complete 
their development in its body ; whether it habitually feeds in nature on 
human blood ; w hether it feeds in the jungle or visits man in or near his 
dwxdling places ; w hat is tlu‘ vegetable food of the female ; and w lietla'r this 



FiJ^^ 312. — Rest- 
ing position of 

Culex fat i (/a US. 


Fig. 313. — Resting po- 
sition of AnopheJes 
hy realms. 


Fig. 314. Rest- 
ing position 

of Atio'phvhs 
ymindipvH nis. 


substance interferes with the development of the malaria parasites. One 
of the points recently brought out is that a species jiroved to be a natural 
carrier of malaria in one situation sometimes does not apjK^ar to play an 
important part in another. Thus A. acovitns has jiroved to be a good carrier 
of malaria experimentally, and has been found naturally infected in Malaya 
and Western Java, yet in another part of the East Indies over 1 ,0(K) specimens 
have been dissected with negative results. Again, in North America A, 
crucians is found to be an effective carrier only w hen bred in brackish water. 
Again, A. rossi plays little or no part in the transmission of malaria, but yet 
on occasions during the height of an epidemic it has been found to be infected 
in Java to the extent of 8-6 per cent. But even there this species plays a 
minor part. 

Anopheles niaculipennis (Fig. 310) is the best-known malaria -transmitting 
species all over the world. It is nocturnal in its habits and is most active 
between 12 midnight and 2 a.m. This species indulges in a peculiar marriage- 
flight which appears to b(‘ essential for the propagation of the species ; constant 
changing of their resting-places appears to be indispensable to their existence 
so that the anopheles po;jalation of any spot becomes entirely changed in a 
few days. 
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It has become sufficiently clear, as the result of the work of Hackett and 
Missiroli, that A. rnaculipennis is not a monogeneous species, but a collection 
of widespread varieties. Those generaUy accepted are ; 

A . mnculipennisj Meigen, or typicus, which lay eggs with two simple bars ; 
A. rn. messicp.y Falleroni, which lays dark eggs and barred ; A. m. melanoon, 
Hackett, which lays uniformly black eggs ; A, m. atropanms, Van Thiel, 
wliich lays a dark grey and dappled egg ; A. m. labranchice, Falleroni, which 
lays a light grey and dappled egg ; and A. m. ehilus, Edwards, which lays a 
uniformly grey egg. 

These varieties are identified by the markings of the eggs and character 
of the floats, by the character of the larval hairs, and by the external harpa- 
ginal spine of the adult male. Authorities are of the opinion that the egg- 
types provide the only satisfactory method of dividing A. rnaculipennis. 

As regards geographical distribution, A. rnaculipennis typicus is found in 
England, Norway, the Black Forest and the Hartz Mountains ; messice in the 
fresh waters of Europe, its southerly range being Italy and the Balkans ; 
melanoon favours the rice-fields of North Italy and South-East Spain ; 
atroparvvs is a salt-waUn breeder on the North Coasts of Europe ; elutus 
replaces atroparvus in the south ; lahranchice takes the place of atroparvus in 
North Italy and is the dominating variety in the Campagna. 

The subdivisions of ^4. rnaculipennis are supported by biological differences 
in breeding-places, sexual behaviour, and habits. Atroparvus breeds in 
saline water, rnessiai in fresh. Atroparvus does not go into complete hiber- 
nation. All varieties are equally susceptible to malarial infection, and 
although some preh'r to feed on animals, there is never any insurmountable 
barrier. In almost the whole of northern Europe A. rnaculipennis lives on 
domestic animals, and man is ju’otected from malaria by the deviation of 
Anoj)heles by animals. In the malarious regions of southern Europe rnaculi- 
pennis bites man })ersistently. The principal reason for differences in 
behaviour in the north and south, is that the anopheles population of the latter 
region consists of varieties — labranrhuv and elutus — which feed upon man. 
The races typicus and rnelanoon are rarely associated with malaria. Messice 
is deviated by animals and goes complettdy into hibernation in winter. It 
has now come to be recognized that A. occidenialis Dyer and Knab, is identical 
with A. rnaculipennis^ and has the same biological varieties. It occurs along 
the northern borders of the United States, and in southern Canada, dipping 
in a southerly direction along the Pacific coast into Mexico. 

Sinton and Shiite, in a re]>ort upon the longevity of mosquitoes in relation 
to the transmission of malaria in nature, obtained no evidence that, among 
healthy specimens of A. maculipennis var. atroparvus infected with Plas- 
rnodium vivax and kept under conditions favourable to longevity, there is any 
noteworthy decrease in life as the result of the plasmodial infection. There 
is some evidence that severe plasmodial infections may exert some deleterious 
action, but this is so slight as to be only detectable in insects which are weakly 
or debihtated from some other cause. 

Although evidence which is available adds little suiiport to the suggestion 
that plasmodial infections may be a serious cause of mortality amongst 
anopheline mosquitoes in nature, especially in the case of A. rruiculi pennis, 
var. atroparvus, it doon not offer any satisfactory explanation as to the reason 
why some anophelines an* imfioiinnt as malaria -carriiMs under natural con- 
ditions, whil(‘ others arc* not . 
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Species known to carry the Malaria Parasite 

Europe. 

A . bifurcatus. B.T. and M.T. 

A. hyrcanus. B.T., M.T. and Q. 

A. hyrcanus var. jpscMdopictus. B.T., M.T. and Q. 

A, macnlipennis. B.T., M.T. and Q. 

A. plumbeiis. B.T. and M.T. 

Asia. 

A. aconitus, M.T. 

A. barhirostris, B.T. and M.T. 

A. bifurcatus. B.T. and M.T. 

A. culicifacies. B.T., M.T. and Q. 

A. elutus (sacliarovi). (Palestine.) B.T. and M.T. 

A. fuliginosus. B.T., M.T. and Q. 

A. hyrcanus var. sinensis. (China.) B.T. 

A. hyrcanus var. uigerrimus. (India and Malaya.) B.U'., M.T. and Q. 
A. hyrcanus var. pedilceniatus. (Malaya.) B.T., M.T. and Q. 

A. hyrcanus var. argyropus. (Dutch E. Indies.) B.T.. M.T. and Q. 

A. kochi. B.T. and M.T. 

A. leucosphyrus. B.T., M.T. and Q. 

A. listoni. B.T., M.T. and Q. 

A, ludlowii (A. siindaicus). B.T., M.T. and Q, 

A. maculatus. M.T. 

A. waculipaljns. M.T. 

A. niaculipennis. B.T., M.T. and Q. 

A. minimus. M.T. 

A. multicolor. M.T. 

A. punctulatus var. molucccnsis. B.T. and M.T. 

A. stephensi. B.T., M.T. and Q. 

A. superpictus. B.T. and M.T. 

A. tessellatus. M.T. 

A. umbrosus. B.T. and M.T. 

A. vagus. B.T. and M.T. 

A. willmori. B.T. 

Africa. 

A. bifurcatus. B.T. and M.T. 

A. funestus. M.T. and Q. (Eig. 311.) 

A. gamhicc (formerly cosialis). M.T. and Q. 

A. multicolor. M.T. 

North America. 

A. crucians. B.T. and M.T. 

A. punctipeMnis. B.T. and M.T. 

A. quadrimaculatus. B.T. and M.T. • 

South America. 

A. alhimanus. B.T. and M.T. 

A. albitarsis. B.T. and M.T. 

A. argyrUarsis. B.T, and M.T. 

A. crucians. B.T. and M.T. 
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South ^Ymerica {continual). 

A, gambice, (In 1930 this species was found breedin^^ abundantly in 
Natal, Brazil — apparently having been transported fromWest Afriead.) 
(Fig. 315.) 

A . pseudopun ctipen n is. JVl .T. 

A. punctipennis. B.T. and M.7\ 

A. tarsirnaculatus. M.T. 

Australia. 

A. annulipes. (F) 

A. punctulatus. M.'J\ 

A. punciulatus var. molu even sis. B.T. and M.T. 





/ 



/ 
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Fig. 316 . — Cvlex feUigans, male and female. 

{After A. Eysell, Meuse's ** Handhuch der Tropoikrankheiicu," Wrd edit.) 

Cui.KX FATiGAiss (Wiedemann, 1828) (Fig. Tl(i) 

Synonyms. — C. .skusei (Giles, 1890) ; C. quin/jvefasciatus (Say, 1823). 

This is a nocturnal species— <jften incorrectly mistaken for C. pipiens^ but it is a denizen 
of the tropics and subtropics, and is commonly found in human habitations ; it is, in fact, a 
domestic species and breeds in water-tubs or in any collection of stagnant water. ITk* adult 
can bt' distinguished from anopheles by the erect position it assumes otj resting (Fig. 312.) 

^ Anopheles garnhiiv. {A. costulis) is the principal carrier of malaria in Algeria, jMorowo, Southern 
Arabia and, especially, the West Coast of Africa from the southern border of the Sahara, south to the 
Zambesi River. It is widely distributed throughout Central Africa. In 1930 the species crossed 
the ocean, apparently carried by aeroplane or on one of the fast French destroyers which at that time 
were working in connection with the French air lines between Dakar in West Africa and hiatal in 
Brazil. This species was first discovered within the limits of that city. The seriousness of its presoiu’e 
was recognized and it was hoped that the invasion might be localized, but the siteeies has continued to 
si»read iidand aided by the prevailing winds, and by 1931 it had travelled up tiie coast for 115 miles. 
In recent years, severe epidianics of f/rtw6fce-conveyed malaria have occurred in localities over U(JO 
miles west and north of Natal. In oia; valley of the State of Ceara alone there were over 50, 000 enses 
of malaria in 1938. 



MANSONIOIDES ANNULIFERA 


993 




994 


MEDICAL ENTOMOLOGY 


Itis now known to IrunHinil, U'. hancrojii in <'hinJi. ^ niaml^' Irnn 
in the characters of tJio male ^onitiilia, but in its Iwibits it is very siniiJur. 

Marshall has now shown that two distinct spcci<*s lia ve Itom laniihseil under the designation 
pipiens ; this narnc^ should he n Uiined in the inan-ii'uorine form, inolc^-tus bein^ used Tor tile 
man-biting form. 


Mansonia (TiENiORHYNCiius) ( l^^dwtirds) 

SUBGENIJS MANSONJOlUES (Fig. 317.) 

Members of this genus occur in tropical and Central America, throughout 
tropical Africa, and in Asia, especially Malaya. I'hey are less important in 
temperate North America, Europe, and Australia. These mosquitoes are 
recognizable by the very broad asymmetrical w ing scales, which are of two 
colours, white and grey, like salt and pe])])er, but which do not make con- 
spicuous pale and dark areas. The palpi of tlu^ male are long(‘r than the 



Fig. 318. Respiratory syphon and terminal segments of 
larva (dorsal view) of Mansouioides. 

(From Bulletins from Just, for Medical Research^ Federated Malay Btales : 

Endemic Filariases in the F.M.S. (Poi/ntori and Hodykin) ). 

proboscis ; the penultimate segment is turned uyiwards, wdiile the last segment 
is minute and is turned downwards. The end of the abdomen of the female 
curves upwards, so that only six and a half segments are visible dorsally. 
The eighth segment is entirely retracted, is fif a peculiar form, and carries a 
row of strongly chitinized teeth on the tergite. The arrangement of these 
teeth and the shape of the lobes of the sternite are of value in identification. 
There are five species of importance which are concerned with the transmission 
of W. hancrofti and Filaria nialayi, M. annuhitas^ Leic., M. annulifera (Theo), 
M, indiaruiy Edwards, M. Umgipaljns, v. d. Wulp, and M. uniformis (Theo). 

The larvaj of Mansonia am readily re(!Ognizable by the peculiar form of 
the respiratory syphon, which is adapted for piercing plant tissues (Fig. 318). 
This structure is short, and has a conical base and a distinctive black tip made 
up of several parts, one of which has a saw edge and ends in a ring of retract- 
able hooks. The known larvae of Mansonia closely resemble one another. 
The pupae are also distinguishable by the form of the respiratory horns which. 



MDBS 


995 


like the syphon of the larvae, are modified for piercing plant tissues (Fig. 319). 
Each horn is long and terminated in a narrow, strongly chitinized portion, 
which bears a pair of feather-like structures and ends in a sharp point. All 
species of Mansonia are known to be man-hunters and fierce biters, and to 
attack either in or out of doors. Primarily night-biters, in the jungle they 
feed at any time. The eggs are laid in small batcjhes, containing a hundred or 
more, on the underside of leaves of water plants just above the surface of the 
water. Th(i most characteristic peculiarity, and the one which defines the 
distribution of the genus, is the habit of the pupae and larvai of obtaining air 
from the submerged portions of water plants. 

The larva of Mansonia forces its respiratory syphon into the air-containing 
tissues, and remains there till forcibly removed. The j)U})a does likewise. 
The roots appear to be the part of the jdant most favoured. Different sjxjcies 
have preference for certain water plants, and the tyi)e of water in which they 
prefer to breed. M. amiuliferay M. 
indianay and M. uniformia are most 
easily found among the roots of 
wate*r plants floating and growing 
in exposed situations, especially 
Pisfia afratiotesy a plant which 
floats with hanging roots in still 
wate‘r. The food of the larva? con- 
sists of fine particles of organic 
matter which are freed from ec^co- 
nut husks in the ])rocess of coil and 
rope-making. 

Genus Aedes (Meigen, 1818) 

The members of tropical interest 
of this g(uuis are those mosquitoes 
which were formerly des(^ribed as 
Stegomyia by Theobald, and are still 
widely known under that name. They are mostly black -and -w’^hite insects 
with white, silvery, or yellow lines, bands, or spots on the thorax and legs. 
In India they are known as “ tiger mosquitoes,” on account of their striped 
appearance. They seem to have a decided preference for the littoral, and 
certain species {A. crcjy'ptiy A , albopictus) are frequently found on ships, and 
are no doubt distributed by these means. At present the subgenus Aedes 
{Siegomyid) includc's many species w^hich are identifiable by their striking 
thoracic and other ornamentation. 

The distinctive characters are : In th(‘ female the palpi aix> short : in the 
male they are usually longer than the proboscis, the last two joints being up- 
turned and sparsely haired. The vertex is covered w ith broad, flat scales 
with a few or no narrow' scales on the nape. The thorax is usually con- 
spicuously ornamented, while the eighth abdominal segment in the female 
is large and retractile. 

The eggSy instead of being cemented in rafts, are deposited separately, 
each being surrounded by small air-chambers. They are capable of with- 
standing a considerable degree of desiccation. The Jarva>, maintain an almost 
vertical attitude in w ater. They have short, smooth antennic, with not more 
tlian thre(‘ haii-s in ii shaft tuft. The frontal hairs are single ; the siphon is 
short, not much rnorc! than twice as long as broad. The hair-tuft is situated 
about the middle of it, and the comb teeth occur in a single row. 



lug. 319. — Respiratory horn of pupa of 

jlansoniotde’^. 
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AeDES ^GYPl’I 

Synonyms. — A. argenteus ; Stegomyia fasciata (Fabr., 1805); Culex 
cegypti (Linn, 1762). 

A, cpgypti (Plate IX, facing p. 354) can be recognized by the peculiar 
lyre-shaped ornamentation of its thorax — two dull-yellow parallel lines 
in the middle and a curved silvery line on each side. The proboscis is not 
banded ; the abdomen is banded basally ; the last hind tarsal joint is all 
white, and some of the other tarsal joints are marked by light bands basally. 
This widely distributed species is essentially a domestic form, and bites with 
avidity. It breeds in small artificial collections of water, such as barrels, 
puddles, cisterns, sagged rain-gutters, and even in such small receptacles as 
sardine-tins ; the nature of the water appears to be a matter of indifference. 
The eggs resist a considerable degree of desiccation, and, as they may sink 
to the bottom of the water in which they lie, they are readily pumped into 
water-tanks of ships, and may even be dried and remain viable when placed 
in an envelope and sent through the post from far-off Africa and Central 
America. This species transmits the virus of yellow fever and that of dengue 
(Bradley and Macdonald). 

Although widely distributed, A. argenteus does not occur abundantly in 
certain parts, such as Australia, the Malay States, China, Africa, and the West 
Indies, where its place is taken by other species which greatly resemble 
it. Under exjx^rimental (‘onditions in Wt^st Africa, Bauer and Philij) have 
found oth('r W( st Afr ican mosrpiitcxis can transmit yellow fever to monkeys ; 
such are A. vittatus {sugens)^ A. apiaxirmulatus, A. afriranus, A. simpsoni, 
and a related gituu^—Eretmopodites chrysogaster. 


Akdes (8tegomy[a) albopictus (8kuse, 1895) 

Synonym. — Stegomyia scuHlaris. 

A very common and widely distributed species in the East, where it 
breeds in artificial recejrtacles in the vicinity of dwellings, as w(dl as in tree- 
lioles, bamboos, etc. Is said to be the transmitter of dengue fever in Japan 
(Yagamuchi, Koizumi, and Tonomura). The development of IP. baiicrofti 
in this mosquito is arrested about the seventh day. In general habits it 
resembles A. cegypti. It is (easily distinguishable from that species by 
the single broad median stripe which adorns the scutum. (Fig. 320, a.) 


Aedes (Stegomyia) variegatus (Doleschall, 1858). (Plate IX, 
facing p. 354) 

Synonym. — Stegomyia pseudoscutellaris (Theobald). 

This species is widely distributed in the Pacific islands, where it replaces 
A, albopictus. It occurs also on Christmas Island and in New Guinea, and 
the Editor originally demonstrated that it acts as the chief transmitter of 
the non-periodic filaria ( IP. hancrojti) of those regions. In fact its distribution 
and that of the non-periodic filaria coincide. It is diurnal in habit, and may 
be distinguished by three parallel white stripes on the mesothorax and incom- 
plete white abdominal cross-bands (Fig. 320, b). The larva resembles that 
of A. cegypti y from which it can be distinguished by lateral barbs of the comb 
scales which are distinctly smaller and more deficate than those of A, cegypti. 
The breeding-places of this insect are peculiar. It is not in any way a domestic 
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HpecicB like the preceding ; its main requirements are small collections of 
fresh water containing decayed vegetable matter — in husks and shells of 
coco-nuts ; in crevices and holes in trees ; in the artificial reservoirs hewn 
out of coco-nut trees and used as wells by the Pacific islanders ; in holes in 
coca-pods gnawed out by the Pacific rat ; in bottles and tins which may be 
lying about in sheltered spots in the bush. 

Both larvtE and pupae can exist for a long time at the bottom of these 
breeding-places after the water has evaporated. 

This sjx'cies is extremely intolerant of sun and wind ; its main haunt 
is the still, shady, thick bush round native villages. It is strictly a day- biting 
s])ecies. 


PhLEUOTOM us ( S A N 1 )FI J ES ) 

'I'hesci are minute and very hairy flies, from 1-5 to 2 o mm. in length, and 
are (easily recognizable. Only the females suck blood, and in some i)eople 
their bite (causes a considerable local disturbance ; in others, little or none. 




big. 320. ~ Diagramnialic representations of marking on thorax of ( a ) Aedc^s 

(tlf)opict(is and (b) Aedes v(irie<jntits — lateral views. 


These insects (tarry several diseases, notably phlebotomus f(‘ver (p. 403) : 
there is also good n*ason for su8f)ecting that they act as the carriers of leish- 
mania of oriental sore and kala-azar (pp. 197, 174). P. verrurarmn was 
believed by Townsend to transmit the virus of Oroya fever (p. 243) in the 
Andes. 

The geographical distribution of the sandflies in the tropics and sub- 
tropics is a wide one. P. papatasii has been taken as far north as Paris 
(Langeron), and occurs throughout Southern Euroj.)e, esjx?cially in Italy 
and J)almatia, in the Mediterranean basin, in North and East Afric^a, as well 
as in Java and India. 

The greater part of the body is covi'red with long, yellow “ hail's,” among 
which there may be patches of scales. The antennae have 16 joints. The 
proboscis is comparatively short ; it is as long as the head, and contains a 
number of piercing organs. 

The wings are definitely pointed ; on removal of the outer “ hairs ” the 
venation can lie distinctly seen. The legs are long and slender, and the 
abdomen is divided into 10 segments. 

In tlie female the abdomen is spindle-shaped, and is provided with an 
upper and a lower pair of small claspers. In the 7rmle there are four pairs of 
sexual appendages -the upp^r and lower claspers and various other 
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structuroB known as '' suhincdiau lainelkv,” “ intermediate appendages,"’ 
and “the intromittent organ" (Newatead). (hig. 1321.) 

While feeding, Phlebolonius is easily disturbed, the slighUist inoveineiit 
of the skin being siiflieient to put it to flight. It thrusts the somewhat stout 
rostrum downwards, while the maxillary palpi diverge a little. Blood can 
be seen entering the stomach within 60 seconds of haustellation. 

Life-history. — Considerable moisture is apparently necessary to induce 
oviposition. The eggs, which are laid singly, are (>'385 mm. in length by 
0*12 mm. in breadth, and are thinly covered with a viscous substance. (Fig. 
322.) A few hours after being laid they become darker in colour. Six t/O 
nine days after deposition they hatch into 12*segmented, caterjiillar-like 
larva% charaderized by two very long dorsal bristles on the tiu ininal sf*gment. 



{After Wliitti tujhaiu, “ Brit. Med. Journ.") 


]. I'lilly developed male imago, a, Hairy wings ; autenn.T ; c, labial palp? d, ey iialten's; 
/, claspera ; g, genital spines. 

2. Fully developed female imago. Body hairs arranged in tufts; altdomen (a) .spindle-shaped; 
b, ovipositors ; r, y)robosoia. 


Each segment bears a number of spines arranged in a tnmsverse low. The 
head is armed with formidable large and dentate mandibles, which are at 
first white, but afterwards become dark brown. (Fig. 322, 2.) The newly 
hatched larva is sluggish, lies Hat, with caudal bristles extended in the same 
plane, and progressc^s by slow' undulating movements. It commences to food 
on decaying nitrogtmous material — it may be the bodies of defunct ])arent 
flies or the dejecta of lizards. The duration of the larval stage varies con- 
siderably, but in favourable circumstances the larval life of P. papaiasii is 
about four weeks. According to Whittingham, there are four distinct stages 
in the larval life, with a complete moult betw^cen each. The first instar 
lasts on an average seven days, and is characterized by an egg-tooth on 
the dorsum of the head ; the second instar occupies about five days, the 
third the same period, during which the terminal segment becomes pigmented 
(Fig. 322, 3) ; the fourth, about nine days in Malta, where the whole life- 
cycle takes seven to eight weeks in July and August, with a mean daily 
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humidity of 50-60 per cent. (Fig. 322, 4.) According to lloubaud these 
insects are heterodynamic, i.e. they do not all develop in the same manner 
as do many other flies ; some individuals rernain in the larval state for 
considerable jHjriods, and hibernation probably always takes place in the 
larval state. 

The pupa is ochreous-buff in colour, and b(*ars the thoracic appendages 
free from the body ; the iritegunumt is covered with minute squames, and 
small spines are present on the sides of the thorax and abdomen. In Malta 
the duration of the pupal st^ige is about nine days. The imago hatches 
out between midnight and 4 a.m., when the atmospheric; humidity is high. 
The eggs are laid in dark, damp places where organic mattcT is present as 



Fig. 322. — To illustrate life-history of Phb.'hotomu.^ papatasH. 
[After Whittingham, “ Bril. Med. Journ.") 


1. seven (iiiys iifter oviposition. x 80. 

2. I'irst of larval life, two days old. a, Kead with Y-sliaped mark and Cf^^-tooth ; caudal 

brislU‘S. >Ui. 

2. Third sta^'c of larval life (dorsal view;, thirteen da\'s old. a, t’uudal bristles ; b. last segment; 
c, antenna*, x -O. 

4. I'ourth stage, twenty-two days old. a, Last segment ; 6, caudal bristles ; c, mandibles ; d, labial 
plat<*; c, body hairs; /, false legs, x ‘JO. 


food for the larvie ; usually this occurs in cracks or in inasonry and at the 
base; of walls and in stables, etc. Whittingham has shown that a very con- 
siderable amount of moisture is necessary for the succ'essful r(;aring of these 
insects. In the situations indicatcHl, it is possibly t)btained from the water of 
(condensation that collects there at niglit-time. Under artificial conditions 
Whittingham has succeeded in rearing the insects in cages containing sterilized 
nitrogetious matter at 80^ F. 

The breeding places of the various sjx'cies vary in different parts of the 
world. In Peru the usual ty]X3 offence, comjK)8t;d of rubble and loose earth, 
provides breeding places for the local species ; in Egypt they breed in damp 
cracjks in the sandy soil, and in India 7^. argeritipes in broken places in paved 
floors and in moist soil contaminated by the fa'ces of fow Is and goats. 

'J'he adults are crepuscular and nocturnal in habit and are most active 
on warm, still nights. Sunlight re{)el8 them, but artificial light, especially 
if not too bright, appears to attract them. Their flight is feeble and short. 



1000 


MEDICAL ENTOMOLOGY 


and when enclosed in a mosquito-net or on the bedclothes, they appear to 
hop or glide for short distances. 

For the classification of these insects, entomologists have rehed upon 
slender differences afforded by the venation of the wings, the segmentation 
of the palpi, and the number and arrangement of the bristles or spines on 
the claspers. Larrousse recognized 6 species in Europe, 1 1 in Asia, 4 in Java 
and the Philippines, 1 1 in Africa, and the same number in America. 

The best-known species are P. papatasii^ P. perniciosus, and P. minutus 
in Euroj)e ; P, argentipes and P. perturbans from India ; P. major and P, 
sergenti from China ; and P. duboscqui from Central Africa. 

Repellents. — Various substances have been used on the skin with the 
idea of warding off these insects. Ordinary paraffin, if liberally applied 
to the skin, is effective. Waterston found that a substance called “ parquit ” 
is pleasant to use and, if well rubbed in, is efficient. Oil of citronella is also 
widely used for this purpose. (See also p. 134.) 

In preserving specimens for identification great care must bo exercised. 
They should be placed in a web-like layer of teased cotton-wool, but must 
not be coveredy as even slight pressure damages their appendages. 



SiMULiuM (Buffalo-Gnats) 

These small flies are extremely voracious. Both sexes feed on mam- 
malian blood, commonly attacking cattle and human beings in the vicinity 
of their breeding-places. S. damnosum has been proved to be the intermediary 
host of Onchocerca, volvulus in Central Africa. (Fig. 323.) 

The following species are common in various parts of the world : S. replans 
in Europe ; S, indicumy the “ potu ” or “ pipsa ” fly of India ; 8 , damnosum, 
the “ jinja ” fly of Central Africa ; 8 , viUatum of North and South America. 
Numerous species occur in the Upper Amazon, and 8 . avidum, 8 . ochraceum, 
and 8. mooseri are vectors of onchocerciasis in Guatemala (see p. 786), and are 
known as “ mosquito negrito ” and “ mosquito alazan,' respectively. 

The eggs are laid in masses of 300-500 each, in water. They are tri- 
angular in shape, yellowish when fresh, but becoming black at a later stage. 
The larvse emerge in two or three weeks, and immediately attach themselves 
to stones ; they are cyhndrical in shape, with a posterior swollen extremity. 
The pupa is attached to aquatic vegetation, and is encased in a cocoon open 
at the top, from which emerge a pair of branching gills. The larvae of 
simulium are found only in flo^^\ng water, which seems essential to their 
normal development. 
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Family Chironomidae 

These are small, delicate flies, generally known as midges. The antennae 
are plumose in the male and pilose in the female, in contradistinction to the 
almost bare antennae of the Simuliidae. They are a large family, comprising 
over 1 ,(X)() 8f)ecie8 ; the most important genera from a medical point of 
view are Culicoide^ (Fig. 324) and Leptoconops, which in many parts of the 
world bite man viciously. 

C, austeni and (\ graJmmi have been found by Dyce Sharp to be the 
intermediary host of the filaria, Acaiithocheilonema persUins. This insect 
is not only a night-biter, but will bite only in the dark and not at all by 
moonlight ; it prefers dark skins. Culicoldes furens transmits Mansondla 
ozzardi in the West Indies. 

Life-history. — The eggs, which are very small and oval, are laid on alga? 
in shallow water. On hatching, the larvae wriggle in the mud at the bottom 
of the pond. Usually they an‘ red in colour, and are known as “ blood- 
worms.” They are provided with four pairs of gills. The pupa is furnished 
with no exterior casing, so that the wings and legs are fused to the thorax. 



Fig. 325. — Tafja n us 7ist us , j . 
Nat. size. 

{Partly after A\L.<iten ; by permission 
of Trustees of Bril. Mus.) 



Fig. 326 . — Hcematopotaf ? . 

X 2i. 

{Partly after Austen ; by permission of 
Trustees of Brit. Mus.) 


Two long respiratory trumpets are present, and the adult emerges after three 
days. 

BLOOD-SUCKING FLIES 

In these flies the antennae usually consist of three dissimilar segments, of 
which the third is elongated in many cases. The venation of the wings is 
complex ; the second longitudinal vein is not forked. This section embraces 
the large family of Tabanidae or ” gadflies ” (Fig. 325), Hoematopota (Fig. 326) 
and the genera Pangonia and Chrysops (Figs. 327, 328). 

The males of the genus Chrysops suck the nectar of flowers, while the 
females are extremely voracious, sucking the blood of men and animals. 

The eggs, which are black in colour, are laid in masses of 250 each, on 
leaves of plants near water, where the larvae are aquatic in their early stages, 
but later live in moist earth in proximity to water. 

Chrysops dismlis (Wilkeston, 1880) is a very common species in Central 
America, and is the transmitter (epidemiological and experimental) of 
tularaemia (p. 302). 

Chrysdps dirnidiala (v.d.Wulp.) (Fig. 328), is a West African 8t>ecie8 common 
at certain times of the year in Nigeria and the Cameroons, and has been 
proved to be the intermediary host of Loa ha (p. 960). In this species the 
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fact'! and palpi are yellow ; the scutum is black with yellow stripes ; the 
abdomen is yellow with dusky-brown tip ; the legs arc yellow with dark 
tibiae and tarsi ; the distal half of the wings is smoky. 

Chrysops silacea (Austen), is also common in West Africa, and acts as an 
intermediary for Loa loa. It dilfers from the former species in having the 
abdomen red, or of a bright-orange colour, and the legs of the same colour 
with dark -brown tarsi. 

Life-history. — The larvae are about 10 mm. in length, and have a smooth 
skin; the 5th-llth segments on their ventral surface are provided with 
organs of locomotion which enable them to craw l about on aquatic vegetation. 
The pupa, which is brownish-yellow in colour, measures about If) mm. in 
length. The anterior end is provided with four round projections. 



327 . — Pangoiiia riippellii, v. X I^. Fij*. 328. — ('hrysoj^s diniidltttn (v.d. 
{Partly after Austea ; hy perrnU^doH Wulp.), r. : -1. 

of 7'rusteeji of Brit. Mils.) 


Glossina (Wiedemann, 1830) (Tsktse Fmks) 

The sj^ecies forming the genus Glossina, or tsetse flies, are sombre- coloured, 
narrow-bodied insects from about 6 or 8 to 13 5 mm. long, with a thick 
proboscis {i.e. probos(;is enclosed by the }>alpi) projecting horizontally in 
front of the head. Their wings are large, of a brownish hue, and present 
a venation (Plate V, facing p. IbO) which, though quite distinctive, some- 
w'hat resembles that of the warbleflies {Hypoderrna). The most striking 
]>eculiarity in the wing is the course of the fourth longitudinal vein, which 
about the middle of tlie wing bends abrui)t}y upw'ards to meet the short 
and very oblique anterior transverse vein ; here describing a right angle, 
it runs obliquely dowui wards to meet the jmsterior transverst! vein, and then 
turns upwards to reach the margin of the wing well in front of the apex. 

When a tsetse is at rest its wings overlap on the back, closing one over the 
other like the blades of a pair of scissors (Fig. 329). This resting attitude of 
the wings, besides giving the fly a peculiarly elongatt^d appearancje, renders it 
readily distinguishable from other blood-sucking Diptera with which it 
might be confounded, e.g. the stable-fly (Stomoxys) and the cleg {Hamatopota). 

Stomoxys (Fig. 332) is smaller in size, has short palpi not protecting the 
proboscis, and its wings diverge at an angle when resting. Hcenmiopota 
(Fig. 326) presents prominent anteimai, and its wings are tectiform when 
closed, i.e. they meet together at the base like the roof of a house and diverge 
slightly at the tips. 
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l;i HoiiK'. of (iloHnina th<- abdonii'ii in ctohwtI by sharply de'fiiied 

dark-brown bands, inU*rrnf)t-(Kl at tht* rniddki line. In the males, beneath 
the end of the abdomen tint external genitalia form a conspicuous knob-like 
protuberance; whiedi renders the sexes easily distinguishable. 

In this genus the palpi are long, deeply grooved on their inner sides, and 
(;lo8f;ly applied to the proboscis, which they almost entirely conc(;al when 
it is not in use, the only uncovered portion Ixu'ng a peculiar large bulb-like 
expansion at tla; base. The proboscis consists of three parts (Fig. 330), 
Ifthruni, hypophirynx, and lahium. 

I’he genus Glossina belongs to the subfamily Stomoxydtn.^:, of the family 
Muscir>7\K. The nearest related genera are Stomoxys, Hcernatohia (Lyperosui 
auett.) and Lyperosiops {U fr^inatohui auett.) ; but on account of the limitation 
of (‘xisting species to the Ethiopian region, their peculiar structural features 
(bulb at the base of proboscis, remarkable male genitalia, characteristic 
venation of wings) and aberrant nuxle of reproduction, Ghmind presents a 
marked individuality.^ 



'fho genus at ])resent comprises twenty species, though this number 
is not necessarily final, since new sjjecies are discovered from time to time. 
Austen arranged the genus into four groups {sec Table facing p. 1002). 

Distribution. — 1’setse lli('s are confined to Africa and the south-western 
corner of Arabia. Some s{x;eies, such as G. fusca and G. rnorsituns, have 
a very wide range; throughout the greater part of intertrox)ical Africa. 
G. jmljxdis is also widely distributed — from the Senegal to Angola on the 
west, and throughout the Lualaba-Congo system to the Victoria Nyanza, 
Tanganyika, and the Up]XT Nile at least as far north as Mvolo in the Sudan. 
The range of G, austeniy an East African species, extends from Jubaland to 
Zululand. G. morsitans ranges southwards to Bt;chuanaland, Southeni 
Rhodesia and North-Eastern Transvaal, and northwards to Senegambia. 
Southern Kordofan, and Southern Abyssinia. G. swynnertoiii a species 
described in 1923 and concerned in the dissemination of an outbreak of 
sleeping sickness, was thought to Ix' confined to the Mwanza Province, 

‘ Prof. NewsUwid in 1911 intn>dijce(l » oliiHsification of speoioH of Gloftshia based on a study 
of the male geniUilie, which in this genus are characteristic. If nnwerated in potash the 
hypopygiuni can bo turned backwartls so as to display viu'ious complicated structures, namely 
the superior claspers, the editum, the inferior claspcrs, the harpes, the juxt^i or penis sheath, 
the median process, and the connecting membrane. All these vary in shape in different 
groups; the median process and connecting membrane are found only in some of them. 
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Tanganyika Territory (.ser p. 164), but has recently been found within 
the southern boundary of Kenya. 6?. longipalpis ranges through West 
Africa as far north-west as Senegal and south-east to the Katanga district of 
the Belgian Congo. G. pallidipes is found throughout East Africa from 
Zululand to the northern boundary of Kenya, while westward its range extends 
to the Katanga district of the Belgian Congo. Other species appear to be 
more restricted. G. longipennis is found in Somaliland and adjacent re^gions : 
G. iachinoides has a wide range in West Africa, and is said also to occur in 
Southern Arabia ; G. pallicera ranges from Sierra Leone to the Belgian 
Congo ; G. newsleadi, described in 1929, is only known to occur in the Lower 
Lomami region of Belgian Congo ; G. fusca is found from Sierra Leone to 
Uganda ; G. hrevipalpis is common in South-Central and East Africa ; 
G. caliginea is found in Southern Nigeria. Knowledge of the topographical 
distribution of these lies is an important matter. The species of Glossimi 
are never found on mountains ; they are seldom seen above 3,(XM) feet ; 
they are absent from extensive plains or other open places ; and are 
rarely met with in close cultivation. Cover, in the nature of bush, trees, 
or forest, is essential, and the species of the G. palpalis group are usually 
restricted to the neighbourhood of water, being found along the banks of 
rivers, brooks, and springs, round the coasts of lakes, and on slow^ rivers and 
lacustrine islands. They do not as a rule frequent a sudd -covered or sedg\'- 
banked river or lake-shore or sedgy swamp, unless continuous with a b(‘lt 
of trees. The members of the G. morsitans group, however, as well as (!ertain 
other species such as G. hrempalpis, are far from being confined to the imme- 
diate vicinity of water. The tracts infested by tsetse flies vary greatly in 
disposition and extent, according to the species concerned and the local or 
seasonal conditions. Thus, a so-called ‘‘ fly belt ” or ‘'fly area ” may be 
represented in one case by a narrow border of forest, but a few yards in width, 
along the edge of a stream ; in another by a patch of “ orchard bush ” ; 
or, yet again, as sometimes in the case of G. morsitans or G. hrevipalpis^ by 
a wide expanse of bush-covered or wooded country extending for many 
miles. It frequently happens that “ fly belts ” undergo enlargement during 
the rains and a corresponding shrinkage during the dry season, the flies 
extending their area of occupation in the period of maximum cover, and 
withdrawing again to the shelter of thicker patches of bush, or true forest, 
when bush fires or the withering of foliage threaten their exposure to the 
fierce heat of the sun. 

Reproduction. — The species of Glossina do not lay eggs as do the majority 
of the Diptera, but, as in the case of forest-flies (Hippoboscidai), the eggs 
hatch, and the larvae feed, develoj), and moult within the body of the parent, 
so that when extruded they are practically ready to pupate. In fact, the 
extruded larva becomes a pupa (Fig. 331) within an hour or two, the larval 
skin becoming a dark, rigid puparium. When extruded, the fully-grown 
larva is nearly asl arge as the abdomen of the mother ; it is a yellowish 
ovoid body composed of thirteen segments and presenting two small hooks 
at the anterior pole, and two respiratory protuberances at the })osterior end. 
which is black. A female tsetse fly deposits her larvae singly, at intervals 
varying from about eight days to about three weeks, invariably choosing 
as a nursery a shaded spot where cover for the pupating larva is available 
in the form of loose, dry sand, humus, or vegetable debris. The necessary 
facilities in this respect are frequently afforded by the ground beneath fallen 
trees, where tsetse pupae or empty pupa-cases are sometimes found in con- 
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siderable numbers. The perfect insect emerges from its pupa-case in about 
four to nine weeks. 

Habits. — All tsetse Hies feed on blood, certain species, such as 0. morsitans, 
exhibiting great persistency and voracity in their attacks on man and animals. 
The blood-sucking habit, contrary to what is the case among horse-flies 
(Tabanida?), Simuliidae, and mosquitoes (Culicidae), is not confined to the 
females, but is common to both sexes. G. palpalis, like G. morsiUins, is 

active and ready to attack throughout 
the day, from an hour or so after 
sunrise onwards. As a general rule, G. 
hrevipalpis^ G. fusca^ and G. jKillidipea, 
aU three of wliich haunt by preference 
the edges of paths, sf)end the greater 
part of the day resting motionless, 
on tree-trunks. Though sometimes 
aggressive in the early morning, G. hrevi- 
jHilpis does not usually leave its hiding- 
place until late in the afternoon, when 
it remains on the wing until about 
half an hour after sunset. G. fusm, a 
mor(‘ bloodthirsty species than G. brevipalpis^ flies more silently, and, as 
a rule, biU‘S only alter dark. The period of activity of G. pallidipes, on 
the other hand, is usually in the afternoon, commeneing and terminating 
iH'fore that ot G. brevipalpi^. While Trypanosoma gambiense is conv^eyed 
by G. palpalis and G. UichinoideSy and T. rhodesiense by G. morsitans and 
G. swynnertoniy the role, if any, of the other species of Glossina in the 
dissemination of human trypanosomiasis is as yet unknown. 

A synopsis of the charaettu-s of the four Glossina groups faces p. 1()02. 


SroMuxvs « VI.CITKANS (Uboftroy, 1704) (Fig. IVS'2) 

'J'his fly, which in many respects resembles the common house-tly, lias n world-wide distri- 
bution. It can easily bo distinguished from the latter during life by its stiff juA^boscis, as well 
as by the gentle curve of the fourth longitudinal vein. Stomorys may enter houses and bite 
man, but it usually haunts the stables and feeds on cattle and horses ; in the latter it transmits, 
probably mechanically, the trypanosome of “ surra — 7'. evansi. 

The eggs, which resemble those of the house-fly, are deposited in horse-dung, and hatch 
in two or throe days. The larvae and pupas greatly resemble those of the house-fly. 

Other blood-sucking muscidse which may attack man are IhBtiiatobia stiinulans and 
Lypcrosia irritans, the life-histories of which are in many ways simihir to that of Stomorys. 


MUvSOlO.® THAT DO NOT SUCK BLOOD 

MuSCA DOMESTICA (Liiiii., 1 7o8) 

'file common house-fly (Fig. 333) is a cosmopolitan domestic species, and, on account 
of its insanitary habits, acts as a vector of pathogenic micro-organisms (especially the dysentery 
bacillus), Entamosha hi&lolytica cysts, various other protozoa, and the eggs of helminths. 

The insect is dark-grey in colour, with four parallel black stripes on the dorsum of the 
thorax, and measures about 8 mm. in length. The eggs are laid in masses in manure and 
other r»‘fiise, and hatch in twenty-four hours in hot weather. The larva? are legless maggots 
bearing large stigmal plates on the abdomen. 

The larva grows rapidly and, under the most favourable conditions of temperature and 
moisture, pupates in five days. The puparium has an elongati?- barrel shapie, and in the tropics 
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the pupal stage lasts about throe days. Tlio 
adult fly lives about a month. The larvie are 
capable of traversing considerable thickness of 
soil in order to reach the surface — over 3 ft. 

The best method of storing manure, if it is 
desired to keoj) it, is to ram it so tight that it 
ferments to such an extent as to destroy the 
maggots. 

In trfipical countries house-flies are in 
evidence all the year round, but in dry 
countries they die off, or the larv.'o are killed, 
during the period of maximum heat and 
drought. In tempcraU; countries these insects 
die off in the winter season, anil arc most 
numenms in early autumn. The larvie survive 
by lying buried in decaying matter. 

A nematode worm, iJahronama 7nii.<icce, a 
stomach-worm of horses, is ingested by the larvic of JI. dotitcsiica, either in tlie egg or in the 
larval stage. The embryo of this worm continues its development in the fly, and the final 
larval stage is found in tlie prolx^scis of the adult insect. 



FLESH-KATING FLIES 

WolILFAllRTlA MAGNTFICA (Schilier, 1802) 

This species is 10-13 mm. in length, and of an ashy-grey colour. The head is slightly 
larger than the thorax, the vertex and frontal region arc black, w hile the cheeks an* satin - 
wLite, the palpi and antenn® black. The thorax is Jishy-grey, with three longitudinal black 
stripes. The abdomen is light-grey, with tliree black spots adorning each segment. The 
legs are black. 

This species is found in Russia and in Southern Europe, spreading to Egypt and Asia 
Minor ; it frequents the open country, and breeds in living in preference U) dofkd tissues. 

In man the larv® have been found in open wounds, in the nasal fossio, palate, and eyes 
{see p. 850). 

The larva? of these various muscid flies can be identified by the shape of their postcric r 
stigmata. (Fig. 334.) 


Auchmeromyia lATTKOLA (Fabr., 1805) 

A. luteola (Fig. 335) is widely distributed throughout tropical Africa, it 
ranges from Northern Nigeria to Natal, and has been found in the vSudan. 
It measures 10-12 mm. in length, and the body is rather stoutly built. The 
general colour is orange-buff, but numerous small black hairs give it a smoky 
appearance. The head is largo, witli eyes weU separated in both sexes. 
The thorax shows two indistinct, dark, longitudinal stripies, which do not 
reach its posterior border. The abdomen differs in the two sexes, the second 
segment in the female being twice the length of the same in the male. The 
first segment has a narrow dark stripe on its posterior margin in both sexes; 
the second segment in the male is marked by a broader band, tapering forwards 
along the middle line to the base of the segment. In the female the dark 
band is so wide that it occupies almost the whole segment. 'J'he third segment 
is almost entirely black in both sexes. The fourth is dark at the base and 
lighter posteriorly. The legs are the same colour as the rest of the body. 
The first tarsal joint is jet-black, and stands out prominently against the 
large cream-white pulvillus. The wings are of a smoky-brown colour with 
conspicuous venation. 

The larva (Fig. 336), known as the “ Congo floor-rnaggot,” is of a dirty- 
white colour and semi -translucent. It is in eleven segments, and grows to 
about 15 mm. in kuigth. The central part of the ventral surface is llatteni'd. 
At the jiosterior margin of each segment are three short limbs transversel}’ 
arranged and provided with spines directed backwards. These enable the 
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iHag^<»t to ni()\<' al)()ut (*at^aj>illar-lik(^ and fairly rapidly. Latrcrailv the 
seginentH bear two or inorr. irregular proiuherane<rH, eac^h of which has a 
posteriorly direcdcHl spine and a small j)it. The anterior segment is roughly 
conical, and bears the mouth, which is placed between two black hooks 
])rotruding from its aj)ex and curved backwards towards the ventral surface 
of the body, l^aired groups of minute teeth are plactHi around the two hooks 




JStui/i oxijs culcil ra n s . 

fig. 334.- Stigmata 



WohUahrUn mtuinifica. 



CalhpJiora vornilorla. 


f 
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J uch nuroniyiu I n teal t ( , 



L'ordylobia aiUhropophaya. 


of muscid larvse, a means of rapid identification. 
Magnified. 


so as to form a sort of cupjjing apparatus. The last segment is larger, 
depressed, and turned upwards at an angle of about 45^ to the rest of the 
body ; two spiracles o])en on its dorsal surface surrounded by spines. 
Tile anus is })laced in the antt'rior portion of its ventral surfa(*e, and behind 



Fig. 335. — Auchmvromyia luteola^ female. 


it are two prominent spines. The alimentary canal commences with a short 
oesophagus which ends in a proventriculus. A remarkable dorsal diver- 
ticulum, corresponding to the food reservoir of the muscid larva, opens 
into the msophagus near its anterior end. After the larva has fed, the diver- 
uculum is a very conspicuous object, being seen through the semi-transparent 
body-wall as a bright-red area, extending, when full of blood, from the h(‘ad 
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tu about thf' tilth HOgment. The midgut is short ; the hiiidgut is long, inueh 
coiled, and occupies the greater part of the body-cavity. The maggot has 
a thick integument, which enables it Uj withstand a good deal of pressure 
without injury. 

The duration of the larval period has not been determined. When ready 
to pupate, the larva selects a suitable spot and lies dormant. The puparium 
is a dark reddish-brown oblong body, measuring 9-10-5 mm. in length by 
4-5 mm. in breadth. The anterior end is roughly conical ; the posterior is 
rounded. The pupa stage lasts from two to three weeks. 

The fly is usually found sitting motionless among the thatch, beams, 
and cobwebs of the walls and roofs of native huts, but it is very diflicult to 
see on account of its protective colouring, which corresponds exactly witli 



A B 


Tig. 336. — Larva of Auchmeromyia luteola. X 5. {After Brumpt.) 

1 , Dorsal view ; B, ventral view ; C, lateral view. 


the smoke -stained straw and rafters. It never bites, is usually silent, and 
deposits its eggs in the dust-filled cracks and crevices of the mud floors of 
the huts, particularly in spots where urine has been voided. 

The larvae are found especially under the mats on which the natives 
sleep, in the floor crevices, and in moist soft earth at a depth of 3 in. or more. 
They feed mainly or entirely at night, and they drop off* at once if the limb 
on which they are feeding is moved. Those who sleep on beds or raised 
platforms are not attacked, as a rule, unless the bed be low, when the maggot 
may reach the occupant by crawling up the supports or the grass wall against 
which the bed is usually placed. 

The larva of A. luteola may be recognized by the characteristic shape 
of the stigmata or openings of the respiratory tubes at the posterior extremity. 
(Fig. 334.) 
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('o( HM<>MYIA MACKLLARIA (Fabr., 1794) (Fig. 337) 

The ScREW-woRiM 

This insect is common throughout America. It is 9-10 mm. long ; it 
lays a mass of 300-400 eggs on the surface of wounds, and in the ears and 
nasal fossa*. From these eggs the larvae are hatched in a few' hours. The 



larva (Fig. 338) arc whiU*, about £ in. in length, and formed of twelve segments 
carrying circles of minute spirally arranged spines which give the creature 
a screw-like apj>earance. The larv^^ae burrow into the tissues, destroying 
cartilage and ev(Ui bone ; should the ear or nasal fossa la attacked, the 
brain may be penetrated and death ensue. 


ririT:ny\’' 



Fig. 338. — Cochliomyia macellariay larva X 5. 


Chbysomyia bkzziana (Villeneuve, 1914) 

This species is found in India and in Cochin-China. It is 8 min. in length by 13 mm. in 
breadth. In colour it is metallic blue ; the thorax is bright green shading into blue, especially 
in the posterior half ; the soutellum is blue. 

In the male the eyes are reddish- bro\%Ti and closely approximated ; the cheeks are orange 
and covered with light silky hairs. The antennso are deep orange. The abdomen is deep 
blue with green reflections, and the legs are black in colour. In the female the eyes are widely 
separated ; the frontal stripe is broad, dark grey, and fringed with bristles. The larva is 
12 mm. in length, yellowish-white in colour, with slightly pigmented extremities. The meso- 
and meta-thorax are encircled w ith a girdle of four rows of stout recurved spines. The posterior 
spiracles on the seventh segment are deeply placed in a horizontal slit, the anterior lip of which 
is well developed and provided with a pair of fleshy tubercles at each side of the middle line. 
The puparivm is shorter than the larva, and of a deep mahogany colour. The eggs are laid 
in diseased tissues, and hatch in twenty-eight hours. 

The larvas cause great destruction of tissues, as in the preceding species. 

64 
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CoKDYLomA ANTiiitoi-iH'HAUA (( iriinbcr^, (Fig. 339) 

Tumbu Fly; “ Vkr du (Javoh'’ 

This s{)ecies is widely distribuU*(l in O^ntral Al‘ri(^a. Jt measures from 
8-5 to 11*5 mm. in length. It is of a yellowish-grey colour, with black sj)ots 
on the abdomen and with brown -coloured wings, and much resembles Auch- 
meromyia luteola, but the male Cordylobia is distinguislunl from the male (d’ 
that sj^ecies by the closely-set eyes. In the female (^ordylohin the abdominal 
segments are of equal size, while in the female Aucfnneromyia the 8(*(H)n(l 
segment is of greater length than the others. The lly is usually inactive, but, 
when disturbed, flies with great rapidity (Hlacklock and Thompson). 

The eggs are laid on soil, and the larva? (Fig. 340) on emerging are vei v 
active ; they are white in colour, are visible to the eye, and wander about 
till they find a suitabU? host (dog, man, or rat). In its early stages th(‘ larva 
is provided with ada])tive structures, such as a cepbaloj)liaryngeal skeleton 



and cuticular spines, which assist it to penetrate the skin. There are three 
moults or instars. Development takes place in the subcutanc^ous tissues, 
and is complete in twelve days. The larva emerges from the swelling, which 
may be situated on forearm, scrotum, or other parts of the body, and, falling 
to the ground, pupates in thirty-six hours. The puj)a has a characteristic shape 
with a square, truncated extremity. Pupa-cases are found in rat-burrows. 
The adult hatches in 10-20 days, according to the mean temperature of the 
locality in which it occurs. 

Blacklock and Gordon have proved that in the cast? of the tumbu fly a 
remarkable example of metazoan immunity takes place. By placing Cordy- 
lobia larvae of the first instar upon guinea-pigs, at the jirst experimental 
infection 49 per cent, survived to the sixth day ; whereas only 7 per cent, 
survived this period in all subsequcuit applications. Local guinea-pigs are 
much less susceptible to first infection than thost; imported from h]ngland. 
All this evidences a great degree of immunity acquired by previous infection ; 
it is not a general, but a local immunity parallel to that observed by Besredka 
in bacterial infection. No antibodies are present in the serum of immunized 
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aninialK. The immunity in tat first localized in that particular area of the 
skin where it was acquired ; it persists for at least three months and spreads 
from that area. Larvae fx^netrating an immune area die within forty hours 



fig. 340. — \A\x\{ \av\i\ o\ i'ordyld}ia anihropophnga, x 5 . (After Brumpl.) 

A, Dorsal view ; B, ventral view ; C, lateral view, 
a, Aiitonn:e ; .vr.a., anterior sj)inicIo, 

while in the superficial non-vascular layers of the skin. Immiint' skin grafted 
on a non-immuiK' animal retains and imparts its immunity ; conversely a 
skin-graft from a normal animal acquires immunity when ])lantcd on an 



Fig. 341. — Dermatohia cyanivenlriSy female. 


immune art^a. Metazoan infection is not invariably accompanied by an 
increase in the eosinophile cells. 

nOT FLILS {(KsIriiUr) 

Non-blo(xlsucking flies, with ])rimitive mouth-parts, and i)arusitic in 
animals and man during the larval stages. 
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Dermatobia cyaniventris (Macquart, 1843) (Fig. 341) 

“ Ver macaque ” 

This species is widely distributed throughout South America. 

The larva occurs in the most diverse animals. It is found commonly in 
cattle, pigs, and dogs, but it occurs in the agouti, in the jaguar, in various 
monkeys, and in birds. It is rare in the mule, and writers have commented 



Fig, 342. — Dermatobia Fig. 343. — Dermatobia cyaniveidris 

cyaniventris larva: early larva: lafer slage. {After Brauer.) 

stage. ( Blanchard). 


upon its absence from the horse. In man it has Ix^en reported from various 
regions of the body, namely, head, arm, back, abdomen, scrotum, buttock, 
thigh, axilla. Its presence is accompanied by excruciating pains, especially 
at those times when the larva is moving. 

At an early stage the larva has the apjx^arance represented by Fig. 342 ; 
at a later stage that represented by Fig. 343. The former stage is known 



Fig. 344 . — Janthinosoma lulzi, carrying eggs of D. cyaniventris, 

{By courtesy of Tropical Diseases Bureau,) 

as ver mucaque ; the latter, much the larger, as torce ior berne. At one time 
the larval stage of the same insect was erroneously supposed to belong to 
a different species. 

Light has been thrown on the way this myiasis is acquired. On attaining 
maturity fJ, cyaniventris lays its eggs on damp leaves in damp places, the 
haunts of a species of mosquito, J anthinosoma lutzi (Fig. 344). More recently 
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Pinto and da Fonseca have shown that other species of insects can take on 
this function, such as Sarcophaga terminalis, Musca domestica, Stomoxys 
calcitranSy a tick, Amblyomma cajennense, and other mosquitoes : Paorophora 
posticata^ P. tovari^ and Oceldia longipes. 

The packets of eggs are enclosed in a cement which, on becoming softened 
by moisture, adheres to the insect’s thorax, and the eggs are thus conveyed 
to man or other vertebrates when it next commences to feed. 

When hatched out, the larva3 penetrate the skin and produce an inflamed 
swelling about the aperture of entrance, from which a sero-purulent fluid, 
containing the black faeces of the larvae, exudes. 

RuiNOiSTRUS ruRPUREUS (Brauer) 

An important sfKjeies of “ head maggot ” attacking horses in Russia, and 
in Kgypt also. Its habits are similar to those of the common “ bot-fly ” 
(Pstrus avis, lake other sj)ecies of related genera, it may attack man either 
in the eye or nose {see p. 850). 


LICE 

Lice are small, flattened, thin-skinned insects without wings, with mouth- 
parts adapted for sucking, and an indistinctly segmented thorax. Meta- 
morphosis is incomplett‘. The number of abdominal segments ranges from 
six to nine, the last of which is bilobed. The abdomen of the male ends 
bluntly and bears a spine-like penis ; the spiracles are very prominently 
situated on the sides of the abdominal segments. The eggs, or nits, adhere 
to the hairs of the host, and the newly-hatched young are small editions 
of their parents. The sjecies which is parasitic on man is known as Pediculus 
hnmanns, of which there are two varieties, the head-louse, “ P. capitis,^' 
and the body-lou.se\ “ P. corporis ” (some regard them, indeed, as forming 
but one sj)ecies). (Fig. 345.) The third specit^s is Phthirus puhiSy the “ crab- 
louse (Fig. 346), which lives in the genital and inguinal regions. It 
is distinguished from other lice by its broad, flat body and by a line of three 
spiracles situated on each side of the second abdominal segment. The 
abdomen, of six segments, is festooned. The first pair of legs are more 
slender than the other two ; the second and third have massive talon-like 
claws, the thumbs of the tibiae being prominent. The phthirus, when adult, 
clings to two approximated hairs, generally about 2 mm. apart, the span 
between the hind -legs being about that distance. The young crab-louse 
passes through three moults before attaining maturity. The life-cycle is 
complete in twenty -seven days. When removed from man the crab-louse dies 
in forty-two hours. Infection with this louse occurs most frequently 
during coitus. 

In P, humaniia capitis and corporis the life-history is similar. The eggs 
hatch in from eight days at 32° C. to five weeks at a low temperature, and 
the young louse begins to suck blood at once. The immature louse moults 
three times before becoming mature ; the final moult into the adult form 
takes place twelve days after hatching. Each adult female louse lays 8- 
12 eggs daily, while the total life-span of such an individual is from four 
to six weeks. These insects cannot live for any length of time upon dis- 
c-arded clothing, but under experimental conditions they live longer apart 

* This Hpocics was originally placed in the genus Pediculus frtim which it was removed 
to Phthirus by l^ach in 1815. 
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from tho body at low tomporaturos ; at 40 ’ (’. they survive twelve hours, 
and at C)^ ('. ton days. 

Infection occurs through contact or close association with verminous 
persons. Spread is greatly favoured when men sleep huddled together. 

Prophylaxis.~For the destruction of lice in clothing on a large scale, 
the most efficient method consists in the application of dry or moist heat. 
Both lice and nits are destroyed by a moderate degree of dry heat, 55° C. 
for five minutes, 65-70'' C. for one minute. For practical purposes, clothes 
should be exposed to 70° C. for tliirty minutes. Disinfection is best effected 
in hot-air huts. These measures may be supplemented by insecticide solutions, 
of which a 5-per-cent, crude carbolic solution containing soap is about the 
best ; it may be used for leather and articles of clothing liable to be injured 
by heat. As a louse preventive, crude unoxidized naphthaline j)owder, as 
effective as N.C.I. and chea|x^r, may be dusted into the seams and n*newed 
twice a week. Nearly all forms of treatment designed to kill lice upon the 


if vv 



Fig. 345. — Pcdiculus humanus. 
X 5. {After Bruce Cum- 
minga ; hy ‘permission of Trus- 
tees of Brit. Mus.) 

A, r. humanus, 2 • 

B, humanus var. capitis, 2 ■ 



F‘ig. 346. — Phthirus 
pubis, 2 , showing 
contained ovum. 
>; 12 . 


person aim at destroying the adult and immature insects, but do not destroy 
the nits or eggs. Chloroform water (5 : lOtK)) rubbed on th(‘ infec^ted scalp 
or body, quickly stupefies all the living ones and renders their removal easy, 
but it leaves nits unaffected, and their removal from the hair is facilitated 
by vinegar or acetic acid (lO-per-cent.). Mitigal (p. 970) is extremely use- 
ful for destroying the crab-louse (Phthirus). 

Apart from their unpleasant habits, lice are of medical interest, since 
they act as intermediary hosts or transmitters in relaj)8ing fev(‘r, ty{)hus, 
trench fever, and possibly other diseases as well. 


BUGS 


Buga have two pairs of wings : both may be membranous, or the 
front pair may have the basal half thickened to form a wing-sheath. The 
mouth-parts are adapted for sucking and piercing. The species parasitic 
on man are Cimex lectularius, the bed-bug of Europe, and C. hemiptera 
(rotundatus), the bug of warm countries, which can be distinguished by its 
more elongated, narrow^er abdomen, and by the greater dorsal convexity 
of the pronotum. (Figs. 347, 348.) In West Africa a species of another 
genus occurs, Leptocimex houeti, which also attacks man. The European 
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species was thought to carry the spirochajte of relapsing fever as the experi- 
ments of Rosenholz (1927) seem to show. During the day the insect hides 
in a crevice, and at night sallies forth to suck blood. 

The eggs are white and oval, cohering together in clumps ; each egg 
has a lid through which the larva emerges, resembling its parents in general 
appearance, but white in colour, and having no elytra or rudimentary wings. 

The most effective method of destroying l)ed-bugs in a building is fumi- 
gation with sulphur or, better still, with hydrocyanic-acid gas ; the latter, 
being dangerous, can only be carried out by some skilled person. For 
articles of furniture which cannot be subjected to boiling water, an emulsion 
of j>etroleum, made up with 3 parts of soap to 15 of hot water, to which, while 
still hot, 70-100 parts of oil are added, should be forced into all cracks and 
crevices with a brush. The latest method, and siiid to be the most effective, 
is by coal-tar naphtha. It is succf'ssful in killing off bugs and nymphs, but 
is far less toxic to the eggs. The concentration of na|)htha which can be 
obtained at (>0" F. is 0-20 per cent, and is lethal to all bugs exposed for 
twenty-four hours. 



Reduviid Bugs 

This family includes a number of species which feed on human blood, 
inflicting painful bites. They are classified into four families, Panstrongylusy 
Triakmm, Erathyrus, and llhodiiiuSy the members of which are for the most 
])art confined to America, from 41^^ N. to 4U 8., while one (T. rubrofasciata) 
has a cosmopolitan distribution. 

In nature they live entirely on wild animals, frequenting their nests or 
burrows, but certain species have become domesticated in mcxlern human 
habitations. The adults of both sexes can fly for considerable distances, 
but the larvfc or nymphs are flightless, and can only bite human beings in 
their immediate vicinity. When engorged with blood after a feed, these 
insects void from the cloaca a white or dark-coloured fluid into the site of 
the bite, a habit which explains the manner in which Trypanosoma cruzi is 
transmitted {see p. 168). Two weeks after hatching, the females lay eggs 
which, in the case of Panstrongylasy Triatomxi and Erathyriu^, are deposited 
singly. 

The larvae, on emerging, engorge themselves with blood on four occasions, 
undergoing a moult after each ; they then become nymphs, which, after 
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several feeds, moult for a fifth and final time before becoming adult. The 
whole cycle of evolution takes three or four months to complete. 

The life-span is on an average one of three months, and when once infected 
with T, cruzi the insects remain so for the remainder of their lifetime. 

Tanstrongylus (Burmeister, 1836) and Triatoma (Wolf, 1802) 

(Tho genera and Triatoma have been separated by C. Pinto (1931) on 

certain characteristics of the probosces and antennso. 

Synonym. — Conorhimis (Laporte, 1832). 

This genus is distinguished by its smooth body and elongated or conical bead. 

1*. Alegistiis (Burmeister, 1835) — Brazil — is a domestic species measuring 3 cm. in length. 
The body is black, with red stripes. (Fig. 349.) The insect has feeble powers of flight. The 
life-cycle takes a year to complete, and the adults can live alxuit six months. 

P. cZ?a^a.si (Brumpt and F. Gomes, 1914) — Brazil — has a characteristic red band on the 
head, and lives in the burrows of Cherodon rupestris and those of armadillos. 

This species has b<*en found inft'Cted with Ti/pnnosomn 
cruzi at a considerable distance from human habitations. 

/'. dimidiatus (Erichson, 1848) — Brazil, Venezuela, British 
Guiana, and San Salvador — is also naturally infected with 7’., 
criui and possibly con veys the human disease in San Salvador. 

P genii ulat us (Latreillc, 1811) — Paraguay, Brazil, Peru, 
Venezuela, and French Guiana — is a sombre-coloured species, 
living normally in armadillo burrows ; it transmits T, cruzi 
t<3 these animals. 

Triatoma injestans (King, 1834) — South Arnericii — is a 
domestic species and lives in cracks in the walls of houses or 
hen-roosts. It is found naturally infected with T. cruzi in 
Argentina. 

T. protracta (Uhler, 1894) — the United Stilus, from Utivh 
t<> ("alifomia — is known as the “ kissing bug,” and lives in 
the burrows of mdents. Under natural (XJnditions it harlKiurs 
a trypanosome, T, neolomm. 

T, rubrofasciaia (de Geer, 1773), a cosmopolitan domestic 
species, can be infected experimentally with T. cruzi. It 
has been suspected, on rather imperfect evidence, of trans- 
mitting kala-azar in India. 

T. sanguisuga (Lecoratc, 1855) — United States — is a 
common domestic species which associates with bed-bugs. 
Under experimental conditions it can be infected with T. cruzi. 

T, sordida (Stal, 1859) — Brazil, Bolivia, and Paraguay — is a small domestic species 
met with near the banks of the large rivers ; it has been found naturally infected with 
7’. cruzi. 

T. vitticeps (Stal, 1859) — Brazil — is the largest known of these insects, and is a rare species. 



Fig. 349. — Panstrongylus 
megiatus. Nat. size. 


Genus Eratvrus (Stal) 

Erathyrus cuapidatus (Stal, 1859) — Venezuela — is believed to be a rare species, occurs at 
an altitude of 4,600 feet, and appears to be naturally infected with T. cruzi. 

Genus Rhodnius (Stid, 1850) 

This genus is characterized by a narrow attenuated head and by elongated antenme 
(Fig. 360). 

Rhodnius prolixvs (Stal, 1859) — Venezuela, Colombia, Guiana, Brazil, and San Salvador. 
'J'his species has nocturnal habits, and feeds voraciously on human blood (Fig. 350). Nor- 
mally it lives in the burrows of the armadillo and those of a rodent {Coelogenys subniger). 

The adult is capable of flying considerable distances ; the larvoo and nymphs live in cracks 
in the walls and in the crevices of palm trees. 

Under experimental conditions this species can transmit T. cruzi. 
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FLEAS 

Fleas are small insects with a laterally compressed body. They are 
wingless, and their mouth-parts are adapted for piercing and sucking. Some 
suck blood indiscriminately, but the majority restrict themselves to one 
definite host and are active ectoparasites of mammals and birds. (Figs. 351, 
352, 353.) In one family, Tungidce (Sarcopayllidcp), or “ chiggers,” the 
females eventually attach themselves to their host as fixed parasites, 
embedding themselves in the skin when pregnant. (Fig. 354.) 

The female flea is larger than the male. The curved receptaculum seminis 
is a conspicuous object. 

The eggs are dropped by the female casually, and hatch in three or four 
days in summer-time. 



Fig. 350. — Rhodniw<i prdijciis, adult male. X 2J. {After Brumpt.) 

The larva lives in dust, is an active footless maggot of a whitish colour, 
is sparsely hairy, and lives on faecal matter. (Fig. 355.) When full-grown 
it spins a cocoon and pupates. The duration of the pupal stage depends 
on the temperature. The pupae are similar to the adult, and are encased in 
a cocoon. According to Barcroft, in the tropics fleas die out at a height of 
14,000 feet. 

Fleas act as mechanical carriers of disease, and also as intermediary hosts 
of parasites. The common dog-flea and the rat-flea harbour the cysticercus 
of certain tajjeworms (Dipylidiuyti caninum and Hymenolepis diminuta) ; 
but their most important role is as carriers of the plague bacillus from rats 
to man. In 1914 Rothschild pointed out that three species of Xenopsylla — 
cheopis^ astia^ and braziliensis — are ectoparasites of the rat in India. It is 
practically impossible to make out the distinguishing features of these three 
species unless the specimens are suitably prepared. With the aid of a hand- 
lens, the females can be recognized by the shape of the spermatheca after the 







rig. Z5\.~Cknoccphalus canis, male. Tig. 352. — Xcnopsylla cheopifi, 

< male. >; i<). 

[Major T. Jj. Bomford, I.M.S.) [Major T. L. Bimiford, I.M.S.) 



Fig. 353. — 7^//e.r irritant a, male, 25; n, female, 14. 
[Major T. L. Bomford^ I.M.S.) 



Fig. 354.-7 'unga penetrau^ [Dernuilopkyluis penetrans, Sarcopsylla penetrans) 
— A, female: b, male, x 38. [Major T. L. Boynjord,' I.M .S.) 
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soft parts have' Ih'C'H (lissolvcd by < ansti(t potash, or rrndrTcd traiisparmt hy 
incariH of a clearing ag(‘nt. For certain identification of the vmhs, a 
compound microscope is ne*.ceHsary, when it can he seen that the ninth sternite 
ends in a sharp point in a.Hlid, instead of a flattened projection, as in cheopis. 
d’lie shape of the claspers differs in astid ; they are more elongated. These 
differential characters can only be relied upon in the case of fleas from the 
Indian area, because in that country only these three species exist. 

Aft(*r a short preliminary treatment with caustic potash, the fleas are 
treated with alcohol and xylol and placed overnight in a thin solution of 
balsam in xylol. Slides are prepared by coating the specimens with a thin 
layer of balsam and allowing them to dry overnight in the incubator. The 
fleas thernstdves are mounted and orientated on the slide ; the insects can 
then be individually examined under the microscope in rows of five each. 

The presence of fleas in houses is chiefly due to want of cleanliness, especially 
the accumulation of dust, the proximity to hen-runs or stables, and free 
access of flea-carriers- -cats, dogs, rats, and mice. 

Prophylaxis.— To rid cats and dogs of these insects they should be washed 
with carbohc soap or a strong lather of “ vermijelli.” Cats that object to 
water may be powdered with naphthaline or dusted with pyrethrum. The 
floors of the house should Ix^ washed w ith a solution of naphthaline or benzene. 




/ r' f 5: c; 


Fig. 355. — Larva of Xenopsylla cheopis. Magnified. 
{After Bacot and Hidytmy, ** Paras it ologf/X) 


An emulsion of petroleum which will kill fleas when diluted with water, 1 : 20 
or more, may be made from soft soap and ordinary j3etroleum, 3 parts of 
soap Ixnng melted by heat in 15 of water, and 70-100 parts of oil added while 
still hot, with much shaking and stirring. The final mixture should be white 
and creamy. 

The irritation of flea-bites may bo allayed by the application of 1 : 20 
carboli(*, or the following ointment : 


Acid, carbol. . 

gr.x 

(0-6-18 grm.) 

Menthol 

gr.v 

(0-324 grm.) 

Zinc oxide 

3i 

(;!-»9 Kfin.) 

Adipis prep, ad 


(31 1 gnu.) 

or Hydrarg. amnion. . 

gr.x 

(0*048 grm.) 

Liq. pic. carbon. 

5i 

(3*55 grm.) 

Ung. paraff. (B.P.) ad 

li 

(3M grm.) 


XfiNorsYLLA ASTIA (Hothschild, 1911) 

In the male the antepygiclial bristle is similar to that of X. dieopis^ from which it is easily 
differentiated by the shape of the ninth sternite, wdiich, instead of being club-shaped has tlie 
aj)pearance of a ribbon, due to the chitinization of the ventral margin. The outer flap of the 
organs of copulation is narrower than in A”, cheopis, and bears fewer bristles. 

The “ tail ” of the reoeptaoulum is so strongly widened near the constriction that it is 
much wider than the “ head.” The eighth segment has more than 30 bristles on its outer 
surface. (Fig. 366, 1.) 
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Xenopsylla BRAZiLiENsis (Baker, 1904) 

In the male the long dorsal bristle on the seventh abdominal segment in front of the pygidium 
is placed on a long pedestal. In the female the “ head ” of the receptaculum seminis is very 
nnioh wider than the “ tail.” (Fig. 366, 2.) 




Fig. 356. — Diagnostic characters of Xenopsylla rat-fleas. Magnified. 

(After Cragg and Hirst.) 

I, X. astia ; pygidium of rf ; la, pygidium and spermatlicoa of v , L’, A', braziliensis ; pvj^idium 

of d ; ‘Ja, pygidium and spermatheca of 9 . 3, A', c/ieopw ; pygidium of f ; 3a, pygidium and 
sperraatheca of ? . Note shape and size of spermathoca. 



Xenopsylla CHEOris (Uothschild, 1903) 

In the male the ante-pygidial bristle is situated on a short pedestal. The outer flap of 
the copulatory organs is solo-shaped ; its upper edge is rimre curved than the lower, and 
bears 9 or 10 fcstles on its outer surface, all of them thinner than in X. braziliensis, and drawn 
out into a long, thin point. The ninth stemite has the appearance of a club, the upper side 
of which is flattened. 

In the female the ‘‘ tail ” of the receptaculum is much longer than in the preceding species 
and, near the constriction, is distinctly wider than the “ head.” (Fig. 356, 3.) 



Section B — Laboratory Methods 

I.— CLEANING SLIDES 

Nkw slides are suitable for making blood-films, directly the superficial grease 
is removed, by breathing on them and rubbing up with a clean handkerchief. 

Slides rvhich are dirty or Imve previously been used should be boiled in a 
soap3^ solution for about half an hour, then washed in several changes of 
water, dipped in methylated spirit, and finally polished with old linen. 

Cover-slips and slides are apt to become frosted when kept long in the 
tropics ; in order to prevent this they should be kept in spirit. 


II.— METHODS OF PREPARATION OF BLOOD-FILMS 
Thin Films 

Take on the end of a slide a droplet of blood, obtained by pricking the 
cleansed finger or ear-lobe^ ; if possible, no pressure should be exerted, and 
care should l>e taken not to touch the skin. A second slide should be touched, 
about £ in. from the end, with the drop, and the blood allowed to run along 
the edge. The spreading slide should Im? pushed, at an angle of 45°, to the 
opposite end of the horizontal, leaving a thin and evenly-spread film w'hich 
should be allowed to dry. (Fig. 357.) An angle of less than 45° makes a 
thinner, and one gre^ater than this angle, a thicker film. (Fig. 358.) 

A lancet-pointed harc'-lip pin makes a very satisfactory instrument for 
pricking the finger. If such a pin be not handy, a good supply of blood 
can be obtained by means of a glass needle which is made by drawing out 
a Widal tube and knocking off the point an inch from the pointed end. 

Films for making a differential count of cells should be prepared by pressing 
unevenly ujion the slide, so as to obtain a w'ave-like film. By this means 
the leucocytes collect along the edges of the weaves, enabling the enumeration 
to be done more rapidly. 


Thick Films 

Ross 's thick film is made by allowing some six drops of blood to fall on 
a slide within an area 5-7 mm. in diameter, and spreading them into an 
even layer. After dehaemoglobinization with water, the resulting film is 
dried in air. The film should then be stained with Leishman’s or Giemsa’s 
stain, as detailed at p. 1023. 

There is considerable difficulty in differentiating the younger forms of 
tertian and quartan from sub tertian malaria parasites by this method, such 
details as Schiiffner’s dots being rendered invisible. It is, however, very 
useful for demonstrating parasites in scanty infections, especially in the case 


‘ Blood from the ear is not so satisfactory as that obtained from the finger. See p, 1020. 
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]022 


LABORATORY METHODS 


of rings and gameto(5ytcs, and it is also useful for the demonstration of the 
spirochsetes of relapsing fever and trypanosomes when these, as is often the 
case, are extremely scanty [sm Plate IV, /, facing p. ()8). 



357. — Method of spreadinq: a blood-film. 


Films for demonstration of filarial embryos. -An even larger-sized 
drop should be taken (20 c.mm.) and spread so as to oeenpy an area Of A sq. 
in. on the slide. (Fig. 359.) For this j3iirj)ose the finger should be pricked 



Fig. 358.— Successful Ihin 359.- -Thick blood-film, 

blood-film. {Ori(},) {Orig,) 

with a broad -pointed needle and th(i surface of the slide dabbed with four 
good-sized drops. 3’he lilm is allowed to dry, protected from dust (especially 
cotton fibres, which may simulate microfilariae), dehaemoglobinized, and 
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8taiiH‘(l at tho hriik^ time in a dihiU* walerv suliitiorj of fudiHiii (5 dropH to 
150 (‘.c. dist/ill(‘(l vval(‘r), then examined in a wet state under a low power 
ot the mieroHeo])e. 

Preparatjons for the Study of Fresh Blood 

A small drop of blood should be taken upon a clean slide, inverted, and 
allowed to come into contact with a clean cover-slip upon a filter-paper. 
If no pressure is used, the blood spreads out evenly, the corpuscles tending 
to congregate round the i)eriphery while the centre remains clear. The 
preparation may then be ringed with vaseline, and the blood-cells or contained 
parasites studied in the living state under a j* 2 -iD- It^ns. Should it be desired 
to study the action of hving cells (vital staining), a vaseline ring or square of 
the size of a cover-slip is made upon a clean slide. Then a solution of 0-85- 
per-cent. NaCl with 1 -per-cent, sodium citrate is tinted with methylene-azur, 
gentian -violet, or methyl-green, and taken up in a capillary pipette, together 
with an equal volume of blood. After mixing quickly on a slide, a small 
drop is placed in the centre of the vaseline ring and immediately covered with 
a cover-slip and pressed down. 


111.— STAINING OF BLOOD-FILMS FOR PROTOZOA AND FOR 
THE DIFFERENTIAL COUNT OF CELLS 

Leishman ’s method. — For this method no preliminary fixation is required. 

PreiHiration of stain from the powder — ()• 15-|:)cr-cent. solution dissolved 
in methyl-alcohol (ace tone -free). The powder is placed in a glass mortar, 
a quantity of methyl-alcohol added, and the powder ground down with 
a pestle until the alcohol is saturated. The fluid is then decanted off into a 
clean bottle and a further fraction of methyl -alcohol added to the residue 
in the mortar, which is again ground down until as much as possible is dis- 
solved. This process is repeated until the whole of the powder is in solution, 
and sufficient methyl -alcohol is finally added to the stain to make up the 
requiied volume. 

Method of staining. — 1. Select the most suitable part of the blood-film 
and place a grease-pencil mark on each side, about 1 in. apart — a method 
which in staining large batches of films results in great economy. 2. Cover 
the selected part with stain by means of a pijxjtte, and leave for a minute, 
taking care that it does not dry. 3. Dilute the stain about 1 in 4 with distilled 
water, which must not be acid- in reaction (fresh rain-w'ater may be used), 
and allow to act for a further 5 mins. {See Tribondeau’s test, p. 1025.) 
4. Wash off the stain w ith distilled water and leave a drop on /o?* a minute 
to differentiate ; place in a sloping position to drain. 

For j)ermanent preparations, Leishman-stained slides must not be mounted 
in Canada balsam, as they rapidly fade, unless it is neutral in reaction or 
dammar lac be used ; they should be examined, unmounted, direct in cedar- 
wood oil, and the oil subsequently removed by means of xylol. 

Giemsa’s stain. — It is best to obtain the stain already prepared for use 
by Griibler. The film must first be fixed by placing in a mixture of equal 
parts of absolute alcohol and ether for 10-15 mins. 

Method of staining. — 1. The film should be covered with a 1 : 20 dilution 
of the stain (1 drop to 19 drops distilled water), which is allowed to act for 
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20-30 mins. 2. Wash off the stain with distilled wat<*r. I’la<'e the slide in a 
sloping position to drain, or dry with blotting-paper. 

Haematoxylin and eosin. — For studying the finer struetuie of the leueo- 
cytes, and especially the nuclear changes, blood-films should be stained with 
liaDmatoxylin and eosin. 

After fixation in alcohol and ether for 10 mins, the film should be stained 
with Delafield’s htTsmatoxylin for 7 mins. The stain should be well 
flushed off the film with a good flow of tap-water, and it should be left in a 
running stream of the same for an equal period in 
order to “ blue ” thoroughly. While still wet it 
should be counterstained with a watery solution j 

(5-per-cent.) of eosin for 30 secs., after which 
it should be thoroughly rinsed in tap-water for 
another 3 mins, in order to differentiate 
the eosin. 

Method of staining the flagellated body in 
malaria. — A sheet of thick blotting-paper, having 
rows of oblong holes (1 in. by = in.), is prepared; 
it is slightly but sufficiently moistened with 
water, and laid smoothly on a sheet of window- 

A patient in whose blood the gametocyte form of 
the parasite abounds is selected. A clean micro- 
scope slide is breathed on once, and the droplet of 
gametocyte -containing blood immediately taken up 
by lightly touching it with the centre of the 
breathed-on surface of the slide. The blood is now 
rapidly and somewhat unevenly spread out with the 
needle so as to cover an area of about j in. by ^ in. 

The slide is immediately inverted over one of the 
blotting-paper cells and pressed down sufficiently 
to secure thorough apposition of the slip to the 
paper, without, at the same time, bringing the 
blood into contact either with the moistened paper 
forming the wall, or with the glass forming the floor 
of what is now a very perfect moist chamber. The Fig. 360. — To illustrate 
remaining paper cells are rapidly covered with McKay’s method of 

blood-charged slides prepared in the same way. staining flagellated 

Slides are removed and dried at intervals of from body. 



5-20 mins, and are subsequently stained by i , slide bearing frc^hiy-made 

'x j J blood-film ; 2, pad of damp 

LiClShman S method. liller-itaper ; .'i, size of open- 

McKay’s method —This is an abbreviated but fom,i'ng™ith ’’thf opposills 

more effective method. A thin film of crescent- slide an hermetically sealed 
containing blood is made upon a thin slide (1 mm. damp chamber, 

in thickness, so as to be easily focused through 

a J-in. lens). The wet film should be breathed upon and then placed face 
downwards upon a second slide covered with a small piece of damp filter- 
paper, in the centre of which a small opening is cut. The two slides are 
bound together by means of elastic bands, thus forming a tightly sealed 
damp chamber. The exflagellation of the crescent can now bo observed 
under the microscope, and immediately this occurs the film is dried and 
stained in the ordinary manner. (Fig. 360.) 




Plate XXXI I 


NORMAL AND ABNORMAL BLOOD-CELLS. 

1. — Neiitrophile polynior}>lionu(rl<‘ar Iciuocytt*. 

2. — Small lymphocyte. 

3. — Lar^e lymphocyte. 

4. — Hyaline or large mononuclear leiicix'vte. 

5 . — Eosinoph i h* le iicoc yt e . 

6. — Bayophilc leucocyte (“ mast-cell”). 

7. — Normoblast (nucleated red cellb 

8. — Basophilic dots in red cell. 

9. — Megaloblast. 

10. — Megalo(iyte. 

11. — Micro blast. 

12. ^ — -Microcyte sliowing poikilocytosis. 

13. — Polychromatophilie degeneration of red cell. 

14. 14a. — Various aj)j)earance.s of blood- platelets. 

15. — Blood platelet superimjxwed u]>on a red (‘clI. 
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Tribondeau’s haematoxylin test for reaction of distilled water. - 

'I wo drops of a saturated aleoholic solution of baimatoxylin should be added 
to a t(^st-tube half-filled with the water under examination. If the water be 
neutral, the purple (colour of ha3matoxylin wdll develop in 2-4 mins. ; if 
alkaline, the colour develops immediately ; if acid, it is delayed. 


IV.—VAIUKTIKS OF BLOOD-CELLS AND THEIR SIGNIFICANCE 

(Plate XXXIl) 

The average total leucocyte -count, as ])erformed on a Thoma-Zeiss haemo- 
cytumek^r, is 7,000 per c.mrn. of blood. A rise to above 10,000 indicates 
a leuco(^ytofiis, a fall U) below 5,000 a leucoperiia. In making a diflferential 
leucocyte-count, at least 300 cells should be counted under the /.j-in. immersion 
lens, and by means of a movable stage the preparation should be moved 
f rom side to side, so as not to traverse the same field twice. In a “ wave ” 
])reparation the edge of the thickened portions will be found to contain the 
majority of the leucocytes ; a knowledge of this fact will save considerable 
search. 

The neutrophile polymorphonuclear (or microphage). ^ — Normal pro- 
j)ortion, 60-70 per cent. ; average, 67. By staining with Komanow^sky stains, 
the neutrophil granules actually stain slightly acidophil. The variation in 
shap(‘ of the nuclei is due to a subdivision of the nucleus from one to four 
or even more lobes, and this affords some indication of the age of the cell. 
Thus a count of the percentage of these cells with different numbers of lobes 
has been used by Arneth, Schilling, and others as a basis of diagnosis and is 
known as the* Arneth index.” A shift to tlie left is noted in liver abscess, 
])neumonia, relapsing fever, and in any septic process. Size when 
spherical, 12 fx. 

The precursor of the {)oly morph cell is a bone-marrow cell, the myelocyte, 
the most mature individuals of which cell contain granules and mitochondria.* 

Eosinophile. These cells are a little larger than the polymorphonuclear 
Icucocyk?- 12- 14 ft — and contain characteristically coarse eosinophile 
granules. Usually the nucleus has not as many lobes as the polyrnorphonu- 
c!('ar, two being the average number — the so-called “ spectacle arrangement.” 
Normal proportion, 2-4 per cent. ; average 3 jx^r cent. Eosinophiles are 
increased in all helminthic diseases — in ancylostome, dxacunculus, and 
clonorchis infections, 5-10 per cent. ; in filariasis and paragonimiasis, 10-20 
])cr cent. {L. loa infections up to 60 per cent.) ; and in bilharziasis and 
trichinosis, 20 -60 pm* cent, of the total leucocyte -count. In ascaris and 
diphyllobothrium infections there ma}* be little or no increase. 

Basophile. — Slightly smaller than the polymorphonuclear — 10-12 /x in 
diameter. The nucleus is kidney-shaped or slightly lobulated. The cyto- 
plasm contains i)urple large granules which often obscui’e the details of the 
nucleus. Usual proportion, 0-5 per cent. 

Lymphocyte. — I'he lymphocyk' is derived from the lymphatic tissue of 
lymph -glands throughout the body and other collections of lymphatic tissue. 
The lymphoblast contains an oval nucleus, poor in chromatin, with a rectioular 
structurt‘, coaser and more stippled than the myeloblast, and is found in 
acute lymphatic leukamiia. The normal proportion of lymphocytes is 
19-30 per cent. ; average, 23. The small lymphocyte is 5-8 /x in diameter, 
the large 12-15 /x ; the latter is assumed to be the immature form. This 


66 



1026 


LABORATORY METHODS 


cell is increased aftet physiological digestion, in undulant fever, pellagra, 
typhoid and allied fevers, and relatively also in kala-azar. 

Large hyaline, or mononuclear (monocyte-macrophage, including 
transitional). — Size, 16-22 p. Normal proportion, 3-8 per cent. ; average*, 
6 per cent. This cell tends to be increased in protozoal diseases, trypano- 
somiasis, and malaria ; in the latter it often contains ingested hsemozoin. 
In making an estimate of the proportion of mononuclear cells in a film, not 
less than 300 leucocytes should be counted. Should the ear be selected for 
obtaining blood, it is important that no drop earlier than the third should 
be used, for it has been shown that the mononuclears tend to accumulate 
in the capillaries of the ear, if the local circulation is slow. It is now known 
that the large mononuclears are derived from the spleen and bone-marrow 
and are not related to the lymphocyte, therefore the “ transitional (‘ells ” 
must be regarded as mature mononuclears. The cytoplasm contains line 
reddish-blue granules. 

The monocyte, has to be distinguished from the clasmocyte. The fornun 
originates fiom the reticulum, the latter from the endothelium. They both 
have the same mor})liology, staining reactions, and nuclear structure, as 
shown by ordinary stains, but by vital staining, the clasmocytes take up 
trypan- blue freely, while monocytes do not. 

A proportion of 15 per cent, or over of these cells may be considered a 
reliable aid to the diagnosis of malaria ; a proportion of 10 fx^r (3ent. may 
occur in a normal person, and a percentage above this calls for further investi- 
gation. There is no increase of monocytes during the pyrexia of a malarial 
attack, but an increase*, may take place during the apyretic j)eriod. 

Leucocytes in childhood. — The leucocytes are more numerous in the 
child than in the adult ; 12,0(X) per c.mm. is the average number throughout 
infancy. The percentage of lymphocytes is doubled, that of the neutrophiies 
is halved. The adult proportion, as given above, is reached about the tenth 
year. 

Normal red cell (erythrocyte). — Size, 7- 2-7* 5 /x in diameter. Normal 
number, 5,000,000 per c.mm., or a little over. They are biconcave discs, 
and therefore considerably thinner in the centre than at the periphery. 'I’he 
erythrocytes are derived from reticulocytes in the bone-marrow. The (x*ll 
membrane of the latter is sticky, so that the cells adhen; to onti another and 
to the capillary wall. In the process of becoming mature, the stickiness 
gradually diminish(‘8. Abnormal red cells are known as ovalocytosis, and 
elongated forms as sickle-cells (p. 38). A total red count, computed from 
()4 squares on the Thoma-Zeiss haemoc 3 dometer, of under 3,000,000 denoU's 
a severe anaemia, and is usuall^’^ accompanied by degenerative changes in the 
red cells — e.g., malaria, blackwater fever, sprue, ancylostomiasis and Oroya 
fever. 

Distinctive forms of red cell — ihG reticulocytes — have been found to be young 
red cells formed from normoblasts by extrusion of the nucleus. Reticulocytes 
constitute a constant sign of blood -regeneration, and may be stained b^^ 
cresyl-blue. They are larger and stain more lightly than mature red cells 
and their stroma contains a blue-staining reticulum. In normal blood these 
cells amount to 1 per cent., but during blood-regeneration they ma^^ reach 
20 per cent, of the total number of erythrocytes. 

Anisocytosis denotes variations in size of red cells ; it is found in various 
conditions of ansemia, especially of the pernicious type. Poikilocytosis 
denotes pear-shaped distortion of cells, giving the idea of fragmented 



VARIETIES OF BLOOD-CELLS 


J027 


corpuscles, and arc found in anaemic conditions. Spherocytosis denotes 
increase of thickness and is found in acholuric jaundice where the cells stain 
densoh'. 

Megalocyte. — A red cell of abnormal size and shape, generally asso- 
ciated with microcytes i.e., small red ccdls smaller than the normal 4 to 
irT} in diameter. Megalocvtes are indicative of deg(‘nerative changes of the 
blood in the severe ana*mias of blackwater fever, subbirtian malaria, Oroya 
fever, sprue, and pernicious anaunia. {See. pp. .36, 37.) 

Nucleated red cell, or normoblast. — Present in very small numbers 
in normal blood, increased in severe plastic anaunias — e.g. malarial cachexia, 
blackwater fever, sprue, ancylostomiasis, kala-azar, and Oroya fever — and 
in severe helminthiasis, "riie nucleus is sometimes double or bilobed, and 
the protoplasm of the cell is usually f>olychromatophilic. Supravital staining 
shows a well-marked reticulum in the? cytoj)la8ni. These cells are generally 
|)resent in considerable numbers in .spleen punctures in kala-azar, severe 
malaria, visceral bilharziasis, j)emicious anaemia, and splenic anaemia. 

Polychromatic degeneration of red cells. — Pre.sent in subtertian 
malaria, blackwab^r fever, and severe anaemia. The term polychrmnada 
denoti's a degeneration of the red cell, the cytoplasm of which stains light 
blu(i ; when s(‘vere it is g(‘nerally accompanied by the formation of poly- 
chromatic, or ba.sophilic, dots. It is now generally accepted that poly- 
chromasid and stippling are both manifestations of reticulation and that the 
polychromatic cells of a 1^‘ishman-stained film and th(^ reticulocytes of a 
supra vitally-stained film are i(h*nti(‘al and normal. l*olychromasia is found 
in malaria, Oroya fever, p(‘rnici<^>us amemia. amrylostomiasis, and lead- 
[)oisoning. 

Megaloblast. An abnormal nuek‘ated red c(‘ll found in severe anaemias 
of the pernicious ty|>e, including diphyllobothrium infections, and in size 
sometimes reaching twice that of a normal erythrocyte. The cytoplasm is 
non-gr*anular ami deeply basophilic, the nucleus large and pale, occupying 
mon* than halt the cell body, whi<*h contains no haemoglobin. Its presence in 
the blood generally indicat-es a regeneration from the blood-forming cells of 
the bone-marrow. 

Blood-platelets." -vSize about 3 /x in diameter, round, oval, or rod-shaped, 
according to the viewpoint, but variability in size is a feature of essential 
thrombocytopenia. Wlierr resting on red cells tliev may simulate malaria 
parasites, but there is always a clear zone due to })ressure surrounding the 
platelet (Plate XXXll, Fig. 1.5). When drawn out in making the film they 
may simulate a trypanosome. They are generally found in masses or in 
strings, art; coated with some adhesive substance, and cling to any stationary 
object. Their function is connected with the clotting of the blood. 

Blood in the Tropics. - -Investigations on the blood-picture of Eurojxjans 
living under tropical conditions have been undertaken in Iraq and elsewhere, 
to dist;over any changes in the blood-picture from the generally-accepk;d 
normal. No striking differences art apparent. A marked deviation of tin* 
Arneth, or polymorph index to the left, similar to that reportt^l in the 
indigenous natives, has Ix'cn reported (.stc p. 16.). 

\ .— BIOCHEMICAL METHODS OF EXAmNATION OF URINE 
1. In Malaria 

(i) Examination of the urine for utohiXin. - SehleAngeSs test is 
used- — 10 grm. of zinc acetate are added to KX) grm. of alcohol and shaken. 
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A portion of this suspension is mixed with an equal quantity of urine and 
filtered through a double filter. If much urobilin is present a definite green 
fluorescence appears. A very high content of urobilin can be recognized by 
adding a few drops of zinc chloride and ammonia to the urine, which produces 
the characteristic fluorescence. 

(2) Examination of the urine for urobilinogen. — Fresh urine must 
be used, as urobilinogen changes to urobilin when the urine is left standing. 
The test is based on Ehrlich's benzaldehyde redction : — 2 grm. of dimeth}'!- 
para-aminobenzaldehyde are dissolved in 100 c.c. of 5-per-cent, hydrochloric 
acid ; 10 to 15 drops of this reagent added to 10 c.c. of normal urine j)rodiice8, 
when warmed, a reddish coloration of varying intensity, since every urine 
contains traces of urobilinogen. In testing for the presence of an increase in 
the urobilinogen content, a cold test, in addition to the warm one, is made. 
In the warm solution the coloration occurs immediately, but only after a fi^w 
minutes in the cold. If the urobilinogen content is not above normal thtwe 
is no coloration in the cold solution within this short jxiriod. 

(3) Tests for blood in the urine. — If blackwater fever is suspected 
the urine must be examined for blood as well as albumin. 

(a) Spectroscopic examination is the simplest. After dilution, absorption 
lines characteristic of oxhya>moglobin are seen in the yellow and green, 
between the Frauenhofer lines D and E. This test, however, is positive only 
if there is a rather high blood -content. 

(b) Boas's test. — Boas’s reagent is made as follows; — 1 grm. of phenol- 
phthalein is dissolved in a solution of 25 grm. of potassium hydroxide in 
100 c.c. of water ; 10 grm. of powdered zinc arc added and the mixture is 
boiled until the red colour is discharged. The hot liquid is filtered and a 
further small amount of powdered zinc added to prevent oxidation. For the 
test, 15 drops of Boas’s reagent are mixed with 20 drops of Ofi-pcr-cent. 
alcohol and 5 drops of hydrogen peroxide in a test-tube, and the mixture is 
added slowly to the urine in a test-tube to form a separat<‘ layer. If blood 
is present, a red ring appears where the liquids meet. 

(c) Guaiacurn test.— A few grains of guaiacum resin are dissolved in 1 c.c. 
of alcohol, 5 c.c. of urine are add<;d, and a few drops of hydrogen peroxide. 
If blood is present a blue coloration is 2 )roduced on standing. The reaction, 
however, is also positive if pus is present. 

(d) Benzidine test.— 0- 1 grm. of benzidine is dissolved in lo c.c, of 50-per- 
cent. acetic acid. To 2 c.c. of this solution a few drops of urine are added in 
a dry test-tube. If blood is present a dark green or blue colorat ion is produced 
on shaking. 


2. Test for Quinine in the Urine 

Qualitative test. Mayer -Tanret method . — Quinine is in part excreted 
in the urine, where its presence can he established clinically and very simply by 
means of an alkaloidal reagent. Giemsa gives the following instructions : 

Ten grm. of mercuric potassium iodith^ are dissolved in KX) c.c. of water 
and 5 grm. of glacial acetic acid added. 

If necessary the reagent can be made in the following way -Solution 1. 
Mercuric chloride 27 grm. dissolved in 1,500 c.c. of l>oiling distilled water; 
iSolution 2. Potassium iodide KX) grm. in 500 (t.c. of cold distilk^d water. 
Solution 1 is mixed with Solution 2, and 25 gJ in. of glacial acetic acid are 
added ; this yields a stable reagent (Tanret’s reagent, Mayer’s reagent). 

Added to cold urine, a turbidity occurs in the presence of 1 : 200,000 of 
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r|uiiiiii(;. The precipitate dissolves on heating. As the reagent also precipi- 
tates albumin, it is advisable, in order to avoid mistakes, to proceed as follows : 
If Hie cold filtered uririt? remains clear after adding the reagent, neither quinine 
nni albumin is preM<‘nt. I f the turbidity appears wliich disapin-ars on heating, 
(piinine is present. If the turbidity persists when the liquid is heated, albumin 
is present. If the latter has been removed by filtration and the solution 
becomes again cloudy on cooling, (piiniiie, in addition to albumin, is present 
in the urine. 

Other alkaloids given in the usual therapeutic doses in addition to quinine 
need not be taken into consideration in applying this test, but plasmoquine 
may also give a positive reaction. 

3. Tests eor Atehuin in tue Urine 

Qualitative test. -Atebrin can be extracted with ether from the urine 
after it has been made alkaline, the ether then removed by evaporation, and 
the residue dissolved in concentrated sulphuric acid ; a yellow coloration 
with marked fluon'scence indicates the presence of atebrin. Tropp and Weis 
(‘laborat^ed a methtxl for the colorimetric estimation of atebrin by comparison 
with solutions of known conccmtration in sulphuric acid. 

The more simple method of Wats and Ghosh, modified by Field and 
Xiven, is as folIo\vs 10 c.c. of urine are made alkaline in a test-tub(‘ witli 
a few drofis of solution of sodium hydroxide ; 0*25 c.c. of amyl alcohol is 
added, and tlie mixture is well shaken. On separation all the atebrin is 
I'ound in the iij)per layei' of amyl alcohol. Larger quantities are recognizable, 
even with th(‘ naked (}(* by the yellow coloration which is seen when th(‘ 
test-tube is vii'wed by transmitt(‘d light against a dark background. In 
ultra-violet light traces are still recognizable up to a dilution of 1 : 2,5()0,(X)0 
by the tv[)ical tlnorescence. However, a control test with normal urine is 
nect's.sarv as other pigments are also extrac-ted by amyl alcohol. 

VI.- MK'HOSl'OPK'AL EXAJMlxXATlOX OF THE F.FCES FOR 
EGGS OF INTESTINAL PARASITES 

T1k‘ eggs of tlu“ ta])c\\orm and of the common threadworm {Enterohiu.s 
vermicul(in\s) (Plate XXX 111. 19) are rai*ely found in the stools, as these 
parasites do not, ns a ru](‘, part with their eggs until the joints of the 
former, or the mitin* bod\' of the latter, have left the alimentary canal. 
Occasionally the eggs of hepatic and intestinal parasites, such as Bilharzia 
hcenmtobia, B. manstmi, B. japonica (Plate XXXIH, 7 7, 72, 13), Clonorchis 
sinensis (Plate XXX II I, 5), Fasciola hepatica, Fa^r.iolopsis buskii (Plate 
XXXI II, 7), Heterophyes heferophyes (Plate XXXIII, 3), and of rarer 
ludminths, are encountered. 

The microscopical examination of faeces for eggs is by no means a diflScult 
matter. All that is necessar\', by way of pi-eparation, is to place on the 
slide a minute portion of the suspected faeces — about the size of a hemp- 
seed — and then to apj)ly the cover -glass, gently gliding it over the slide so 
as to spread out the mass in a thin, fairly uniform, and transparent layer. 

The points to be attended to in the diagnosis of eggs are size, shape, colour, 
thickness, roughness, smoothness, and markings on the surface of the shell ; 
the presence or otherwise of yolk spheres, of a differentiated embryo, or, in 
the case of the cestodes, of the three pairs of embryonic booklets ; the exist- 
ence of an operculum in the case of certain trematodes and of the broad 
tapeworms {Diphyltobothrium). The eggs of the same species of parasite 
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vary but slightly, and are in every instance snfticiently stable and definite" 
for correct diagnosis. 

Of the three common nematodes — Trichuns trichtura (Plate XXXIII, JS), 
Asmris lumhricoides (Plate XXXIII, 7), and Ancylostoma (htodcnalc (Plate* 
XXXIII, 14 ) — the eggs of the first are the most frequently met with. Thev' 
occur sometimes in enormous numbers, as many as six or eight spccimeii.s 
being visible in one field of an inch-objective. 'I'hey form rather striking 
objects under the microscope. They are oval, measuring 51 to 54 p, by 22 /a, 
the ends of the long axis of the oval being slightly j)ointed, and tipjxid witli 
a little shining projection or plug. Their general appearance suggests an 
elongated oval tray, the projections at the poles of the ovum representing 
the handles. They arc dark brown in coloin-, sharply defiiK'd, doui)ly 
outlined, and contain no differentiated embryo. 

The eggs of Ascaris lumbricoide^ are considerably larger (50 to 75 p, by 40 
to 50 fi) than those of trichuris. They are also, as a rule, more spherical oi\ 
rather, more broadly oval ; occasionally they are almost barrel -shaped. Lik<‘ 
those of trichuris, they are dark brown in colour from bile-staining, but 
they are much less sharply and smoothly defined, possessing a coarse thick 
shell which is roughened by man}^ warty excrescences. The yolk conttuOs 
are not always easily made out, nor, when made out, can any indications 
of embryo or segmentation be discovered. In certain instances the eggs ar«^ 
smooth on the surface, the rough outer layer being almost or altogether 
absent ; such are supposed to be unfertilized. 

A point of practical importance to be attended to lies in the circum- 
stance that the rough outer layer of the shell of the egg of ascaris is V(*rv 
easily detached, leaving it with a sharp, smooth outline suggestive of some 
other species of parasite. To obviate this, in mounting fa*ces it is well to 
avoid too mu(4i gliding of the cover-glass over the slip. 

The eggs of Ancylostoma duodenale contrast very markedly with both 
the foregoing, particularly in the matter of colour. Trichuris and ascaris 
eggs are invariably dark and bile-stained ; those of the ancylostome arc 
beautifully clear and transparent, measure 55-00 fi by 32-40 /x, and haA t* 
a regular, somewhat elongated oval form, with a delicate, smooth, transparent 
shell, through which two, or four, or eight light-grey yolk segments can be 
distinctly seen. It is well to search for these eggs soon after the faeces have 
been passed ; otherwise, owing to the rapidity with which, in favourable 
circumstances, development proceeds, the embryo may have quitted the 
shell and the egg be no longer visible. The eggs of Necator amerimnus cannot 
be differentiated from those of A. duodenale with certainty. The eggs of 
Trichostrongylus coluhriformis also resemble those of A. duodenale^ but 
they are relatively larger and contain a fully segmented morula 
(Plate XXXIII, 75). 

The eggs of Heierodera radicicola, which have a characteristic appearance 
(Plate XXXIII, 22), have been noted from time to time in the faecjcs of other- 
wise normal individuals since their discovery by Kofoid and White in 1919. 
//. radicicola is a common root-parasitic nematode which lives in a variety of 
plants, such as radishes, celery, carrots, turnips, etc. ; it is therefore liable 
to be encountered in the excreta of individuals who have ingested these 
vegetables. Of conspicuous asymmetric appearance and size, 95 /x by 40 /x, 
they might well be regarded in human faeces as an indication of nematode 
infection of the intestinal canal. A feature of the egg is the presence of two 
highly refractile, flattened, bluish-green globules at the poles of the embryo. 
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A.s a rule they are kidney-shaped, and can pass through the alimentary canal 
uninjured. 

The eggs of the cestodes may be distinguished from those of the nematodes 
and trematodes by their circular outline and, as a rule, by their smaller size. 

The eggs of T. saginata and T. solium are provided with a single brown - 
coloured striated outer membrane, which encloses a ciliated six-hooked 
onchosphere (Plate XXXIII, 16, 17), On the other hand, Hymenolepis nana 
eggs (40 fi) have two transparent membranes (Plate XXXIII, 20). Individual 
eggs of saginaUi arti more avoid in shape than those of T. solium, and 
measure 30 p, in diameter. The eggs of Diphyllohothrium latum (70 /x by 45 p) 
an^ translucent, oval in shape, and provided with an operculum (Plate 
XXXIII, 27). 

Method of concentrating helminth eggs . — Clayton Lane has devised a tech- 
nique known as the “ floatation method,” which has proved accurate and 
useful in the mass diagnosis of ancylostome and, to a certain extent, other 
helminth infections, and by the aid of which a diagnosis may be determined 
in cases where the eggs cannot be found by direct examination of the feces. 
The eggs are collected from 1 c.c. of feces by “ direct centrifugal floatation.” 
The aim of the apparatus is to keep fixed upon the centrifuge tube a square 
glass cover which will collect the floating eggs, and which is held in place by 
a cover-slip of such a 8haj)e as to prevent movement and leakage, and yet 
permit of the ready removal of the cover for direct microscopical examina- 
tion, thus making the area of collection and examination identical. (Fig. 361.) 
Tlie centrifuge tube is a glass cylinder, 4| in. long by J in. in internal diameter, 
closed at the bottom, and with the mouth ground off flat at right angles 
with the long axis of the tube. The cover is held in position during centri- 
fuging by means of a cover-shp. The centrifuge tube is suspended in a 
m(‘tal bucket of 1| in. internal diameter. Two such buckets are employed, 
each containing a c(‘ntrifuge tube. Fjeces (1 c.c.) are first disintegrated by 
vigorous shaking in water in a closed tube, and centrifuged for one minute 
at 1 ,000 revolutions ; the supernatant fluid is decanted, and a solution of salt 
of a specific gravity of 1150 added, and centrifuging is repeated for thirty 
sec onds at 1,(XX) revolutions ; the tube should be so filled that the saline fles in 
(contact with the under-surface of the cover-clip. The eggs adhere to the 
\inder-8urface of the glass, which is carefully removed and examined as a 
“ hanging-drop ” preparation. 

The direct centrifugal floatation method gives a gi’eater and more reliable 
concentration than does any other method ; the examination area is about 
A sq. in., and the whole process is carried through in a few minutes. The 
eggs of intestinal helminths, other than the ancylostome and trichostrongylus, 
cannot b(‘. concentrated by this method with the same degree of certainty. 

Simple floatation method {Hung ). — Two grammes of feces are carefully 
rubbed up with a glass rod and saturated salt-solution ; the mixture is poured 
into a watch-glass or wide tube which is filled to the brim. A slide or cover- 
glass is placed in contact with the fluid and allow^ed to remain for ten minutes. 
If ancylostome eggs are present they will be found adhering to the under- 
surface of the slide or cover-glass. 

Fullehom^s method for detection of bilharzia eggs in the fceces . — ^The diag- 
nosis of intestinal bilharziasis by detection of the eggs in the feces by 
simple microscopic examination is not always an easy matter. Faeces of the 
volume of a hazel-nut are placed in a conical glass, carefully rubbed up with 
a glass rod and a little 2i-per-cent. salt-solution, and put away to settle, in 
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the dark, for five minutes. 'Hie solution is poured off from the sediment, 
and the jirocess re[)eat(‘d tuo or three times. I'he bilharzia eggs remain 



Fig. 361 . — Ciaylon Lane's centrifuge. {Oreafli/ reduced. .Lv supplied 

. hi/ Messrs. //. />. Turner c(- (ht.) 

in the sediment, wliit^h is Hooded with distilled water at 120 and exposed 
to a bright light. 

The miraeidia now (‘seajie from the eggs, and eaii (easily be seen with 
a lens, particularly against a dark background. On adding a few drops of 
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perchloride-of-mercury solution, they are kilkni ofi and an* found in the 
sediment (see also p. 736). 

Microscopical examination and recognition of various elements in 
the faeces (Fig. 362). — Blastocystis hominis . — Sometimes during the exam- 
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ination of fteces, a yeast-like organism simulating an amoebic cyst, but less 
refractile, is encountered. This is known as Blastocystis. (Plates XXIX, 
XXX). The individual cell contains a large central vacuole, while the 
(cytoplasm is reduced to a thin layer in which are situated one or two small 
iodophilic nuc*lei at each pole of the cyst. The cytoplasm contains refractile 
globules of volutin which must not be mistaken for the nuclei. Blastocystis 
multiplies by gemmation and rapidly increases in culture media such as are 
used for E. histolytica, unless dextrose has been added. The organism varies 
a good deal in size and shai)e ; single cysts measure from .5-20 fi in diameter. 
Blusfory.stis is likely to be inistak(*n for a fat-globule or semi-digested muscle- 
fibre, unless the finer points of structure can be distinguished. This organism 
has no ]>athogt‘nie significance s(» far as is known. 

Muscle- fibres, derived from meat, practically always occur in the stools, 
and are recognized by their cross-striation. When present in large numbers 
they indicate defective inU‘stii|jl digestion. (Fig. 363, 2.) 

Connective tissue, (kuived frojn meat, resembles mucus somewhat ; it is 
distinguished by striation, vvhit!h disappears on addition of acetic acid. When 
it is present in large mass(^s, defective gastric digestion may be inferred. 
Klastic fibres have no signiheance. 

Starch granules, denv(‘d from fruit and potatoes, are stained blue by 
addition of icxline solution. They vary in size and shaj)e, according to the 
food from which they are de rived. Well-pn:?st*rved granules with concentric 
markings are seldom sexui. They are often enclo.sed in a cellulose covering, 
but are not liable* to give ri.se te) much difticulty, exeept the)8e derived from 
peas and beans, which roughly rt‘semble the e‘ggs of tajHWvorms. 

The pre.sencc of' e*xe;ess of 8tare*h is pathe)le)gieral, and such a stex)! is \isually 
aciel and shows signs e)f gas-bubbles, fennentation, and presence of yeasts. 
It is an inter(‘sting peunt that starch is never bile-staineel. The iodine test 
may be apf)lied to ascerteiin the e^xtent to which the starch has been digested. 
A blue colour indicates unchanged granules ; red, that they have been slightly 
digested. 

Detritus which is derived from fruits and vegetables is easily recognized 
by its spiral ducts, areolar tissue, vascular bundles, and pigment cells. 

Neutral faLs, derived from the fat of food, are recognized as colourless, 
highly refractile droplets, or sometimes as irregular bile-stained masses which 
are stained by Sudan 111 and are soluble in ether. 

Fatty acUls, derived from the fat of food, occur as sheavx^s of colourless 
acicular crystals, which melt on being warmed and dissolve in ether. 
(Fig. 363, /.) 

Soaps, derived from the fat of food, occur as greasy-looking amor})hous 
masses, or sometimes as needles which are thicker and not so long as those 
of the fatty acids. They may l)e colourless, or stained with bile-pigments. 
They are not soluble in ether, as are the fatty acids, and do not melt on 
being warmed. If the Him of faeces on a slide is treated with acetic acid and 
heated, fatty-acid crystals will lie seen to separate out. (Fig. 363, J.) 

Fats may lx; distinguished from mucus or from vegetable material by 
the following rough test : Prepare a smear of the st<x)l on a slide, put on a 
cover-slip, and press the latter down on te the smear : should the material 
be of fatty composition, the cover-slip will remain down ; ii' vegetable detritus 
or mucus, it will spring back when the pressure is taken off. (Fig. 363, /.) 

In a normal stool, fat is present almost entirely in the form of amorphous 
masses of soap, less often as ciystals. Neutral fat ought to be absent. 
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Mucus occurs as transparent shreds, sometimes bile -stained. It has 
always a pathological significance and, when containing leucocytes and 
epithehal cells, indicates intestinal ulceration. 

Intestinal sand . — The appearance of sand grains in the stools of persons 



Fig. 363. — Microscopic appearance of common objects in the faeces. 
X 800 diarn. (Orig.) 


], Casein and fat droplets ; 2, muscle-fibres ; ."i, soap crystals ; 1, crystalline fatty nccdfi's ; 6 , chol- 
eaterin crystals ; «!, Charcot-Leyden crystals ; 7, trulTle spores ; 8, portions of iiusks of cereals, 
9, hairs of wheat grain ; 10, 8r)ores of fungi ; 11, cells from pericarp of peas ; 1 2, i)arencliynja 
of beans ; 13, endosperm of rice ; 14, vegetable spirals. 

who live where desert conditions exist is extremely frequent, and is due to 
the ingestion of this substance with food. 

Charcot-Leyden crystals are frequently found in stools containing ent- 
amoebae. (Fig. 363, 6.) 

Pseudo-parasites . — It frequently happens that orange-pulp is mistaken 
for trematodes, banana fibres for small tapeworms, pieces of cotton-thread 
and celery for Enterohius vermicularis, Ancylostoma duodenaUy ett;. As regards 
the microscopic diagnosis, numerous objects may be mistaken for helminthic 
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pggH. and it is iniportant that the* tropical worker should b<‘ able to recognize 
various articles of fliet as they appear in the stools. The spores of truffles, 
whicli occasionally are seen in the faeces, may be mistaken for eggs of Ascari^ 
iumhricoidfs, owing to their size(42-6f» p) and rough sui*face. (Plate XXXIII. 7.) 

sj)on‘s of mushrooms have a .similar appf^arance. Pollen grains of 
plants and s])()res of fungi have given rise to diniculties, in spite* of their 
characteristic appearance under the microscjope. It should be borne in 
mind that the poll(*n of conifers is often met witli in the stools of j)eoj)le 
living near pine forests. No difficulty will be exjx^rienced in diagnosis 
hen it is remembered that all these spores an? really globes with a reticulated 
surface which can be made out on (?areful focusing. ( Fig. 36.3, 10. ) Occa- 
sionally ch(‘ese-mites and th(‘ii- eggs may be found in the beces afbT being 
ingested with the tbod. 

Demonstration of protozoa in fo'ces. -It is difficult to make out the nuclear 
details of the intestitial ])rotozoa and their cysts in a fresh state. The addition 
of VV(‘igert’s iodine solution (iodine 1 part, {xjt. icxl. 2 parts, water 1(K) parts), 
which has a sfx^cial aflinitv for nuclear structure, and which renders the 
details much mon? evident, constitutes a convenient method for their 
recognition. (Plate XXX.) 

Method of concentration of protozoal cysts in faxes . — Yorkc has devised 
the following method of concentration es[)ecially applicable to the cysts of 
Kntanupha histolytica : 

A mass of beces is ground up with water in a small morbir and the emul- 
sion shaken with blKl-l.lKX) c.c. of water, poured inb^ a tall glass cylinder, and 
allowed to stand for fifteen minutes to jxirmit the coarser becal material to 
s(*ttle. The su])ernatant fluid is withdrawn and centrifuged, and the deposit 
is shak(‘n up with a solution of cane-sugar of specific gravity of 1080 and again 
centrifugt'd (juickly. 'fhis proc(‘dure results in tin* separation of cysts 
from tlie remaining becal mab'rial. The fa>ces are ])recipitated and the 
cysts left floatir.g in the su])ernatant fluid, which is withdrawn, diluted with 
about four times its volume of water, and again centrifuged at high speed. 
By this nu‘ans a small deposit is obtained consisting of great numbers of cysts 
in a relatively minute quantity of faecal material. The deposit is then washed 
several times \\ ith wab‘r to get rid of all traces of sugar and the majority of 
the F'emaining bacteria. 

In addition to the iodine method of demonstrating ))rotozoa in faeces, 
the following methods of staining are recommended by Dobell : 

Thin films of bec(‘s an* made on cover-slips and floated film downwards 
on the fixing fluid. 


Method 1 

(1) Fix films for 10-20 minuU*s in Schaudinn’s fluid. ^ 

(2) 70-[x*r-ccnt. alcohol, two changes. 

(3) 70-|K*r-(?ent. alcohol and iodine (Lugol’s solution, 1 drop), 10 minutes. 

(4) Distilled water after hyposuljdiite-of-soda solution (1 crystal in 25 c.c.), 

(5) Haunalum (Mayer’s) 15-20 minutes. 

(6) Running water till blue. 

(7) Through alcohols, alcohol and xylol, xylol. 

(8) Mount in Canada balsam. 

’ Absolute alcohol 50 c.c., sntiimtcd solution of corrosive sublimate 100 c.c., glacial ac(‘ti<' 
acid 1-6 0 . 0 . 
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IMftiiod 11 

I -pel -('tMil. htemateiii in 7()-per-i‘ent. alenhol .stain. 

Iron alum in aleohol ^ monlaril.^ 

(1) Fix films in Sehaudinn’s fluid as beldr<‘ for l()-2t) minut(‘s. 

(2) Wash in 70-])er-cent. ak'ohol. 

(3) 70-per-eent. alcohol and iodine, 10 minutes. 

(4) Mordant, 10 minutes. 

(5) Alcohol, 7()-por-cent., several changes. 

(6) Stain, 10-20 minutes. 

(7) Wash in 70-per-cent, alcohol. 

(8) Diflferentiate with nuirdant under micrnscoju'. 

(9) 70-per-cent, alcohol, several changes. 

(10) Absolute alcohol, two changes. 

(11) Absolute alcohol and xvlol. 

(12) Xylol. 

(13) Mount in Canada balsam. 


VII. DIACXOSIS BY A( XATlOX Wi rH FAT1F\4”S SFHIAI 
FOR TYPHOID. RARATYRHOID, DYSFXTF.HY AND 
B K r ( 1 : LB A 1 X F K( T1 ( )XS 

A. Agglutination by Garrow’s agglutinometer is a luaitical 
inethfKl suitable lor small laboratories and for rapid and ready diaiiiiosis. 

For use the following a])[)aratus is reejuired : 

(1) A ])ainter\s pahttv for dilution of the serum. (2) A diluting pipetc 
drawn from gla.ss tidjing { in. in diameter and 0 in. in length. The lattt'r 
should deliver a dro]) of satisfactory dimensions (a Donald's pi|K‘tte fitting 
Morse gauge No. 70 is the correct size) — that is, when mingled with an equal 
quantity of bacterial emulsion, it should not run over the edge of the glass 
slab. (3) The agglutinometer slab, a piece of platen glass 11| in. long by li in. 
wide, divided into a numl>er of partitions by double grooves running at 
regular intervals of 1 cm. in order to prevent the dilutions from intermingling. 
(4) Set of hacterinl emulsions. The stock emulsions for us(‘ with the 
agglutinometer for the diagnosis of enteric are B. typhosus. B. jtarafyjdiosus 
A, B, and C ; for undulant fever. Brucella melitensis and Br. ahoitus, for 
bacillary dysentery, B. shiga, B, flexner, and Sonue. They are made from 
24-hour surface agar cultures. The growth is scrajied (not \Na8h('d) off th(^ 
surface by means of a platinum loop and emulsified in 0-2-per-ct‘nt. formalin 
in normal saline. The emulsions should be very dense, of milky consistence 
and uniform suspension. 

In order to promote the intimate mixture of the stTum under investigation 
and the bacterial emulsions, the slab is made to revolve by means of clock- 
work at a uniform rate of about 15 revolutions per niinuU^. For field use 
the slab may be placed in a simple box provided with damp blotting- pa})er 
in order to obviate desiccation, and turned by hand with an iron handle 
attached to a wooden shaft which supports the glass slab. 

The diluting process , — The blood for examination is taken from the finger 
and collected in a capsule. Three large drops of blood are sufTicient ; the 
ends of the tube are sealed with wax or plasticine. After standing for some 

1 Di^olve 1 grm. of iron alum in 2 c.c. distilled water, and add 77 c.c, of 96-per-cent, alcohol. 
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time the serum separates, rendering centrifugalization unnecessary. By 
means of the pipette, 2 drops of clear serum are abstracted and placed in 
the first partition of the mixing palette. In order to make a dilution of 
1 : 5, 8 similar drops of normal saline are added. From the resulting 10 drops 
of diluted serum, 6 are then placed in the next partition and a similar amount 
of saline added ; and so on, thus making a series of dilutions from 1 ; 5 to 
I : 80 or higher. It is important that the pipette be held vertically througli- 
out the process, to ensure equality in size of the drops. 

B. A simple method of macroscopic agglutination by progressive 
dilution of the serum in agglutination tubes cian Ik* employed, but gives 
only a limited range of dilution, and a considerable amount of blood (1-2 c.c.) 
is reijuired. The glass capsules containing the blood should Ix^ centrifuged, 
and the serum abstracU*d by means of a pipette. At least 5 drops of clear 
serum are required in order to obtain a quantity sufficient for further dilution. 
This amount should be mixed with 20 drops of normal saline delivered from 
the same pipette held in a vertical position, in order to obtain a 1 : 5 dilution. 
For further dilution, 20 drops of the 1 : 5 dilution are placed in the first of a row 
of agglutination tubes, after which 10 drops are removed and mingled with 
an equal amount of saline in the second tube, thus giving a dilution of 1 : 10. 
From these 20 drojis, 10 art* rt*moved and placed in a third tube, and so on ; 
the dilution each time being doubled. To the 10 drops of diluted serum 
rt*maining in each tube an equal amount of an opalescent emulsion of bacilli 
should be added, thus doubling the dilution of the suspension in whieh the 
organisms are placed. 'J'ht* tubes are incubated for 2\ hours or, preferably, 
for a shorter fK;riod at o.^ (’., and arc then examined for agglutination against 
a dark background : this is generally sufficiently obvious when com])arod 
\sith control tubes in which bacillary emulsion diluted with saline or with 
normal serum has been placed. The objection to this method is the limited 
range of titre w hich it aff ords ; in order to get a range of from 1 : 10 to I : 100, 
a row' of five tubes is necessary.^ 

In testing for typhoid and paratyjihoid agglutinins, three rows of five tubes 
each are necessary — one for typhoid, and one e*ach ffir paratyphoid A and B. 

In describing the various methods, the following abbi'eviations are com- 
monly ustxl, viz. T ” for typhoid, “ A ” for paratyjihoid A, “ B ” for para- 
typhoid B, and F ” for paratyphoid 

C. A more accurate method is Dreyer’s drop method, for which 
standardized bacillary emulsions can be obtained. The standard culture is as 
sensitive to agglutination as is the frt*sh culture ; it is, moreover, st(*rile and, 
if ston'd in a t!ool, dark place, can be k(*jit indefinitely. 

The highest dilution in which marked agglutmation, without sedimenta- 
tion, occurs and can be detected by the naked eye, is termed standard a4jgl(i- 
Hnation. When this occurs with starniard agglutinahle cultures in a serum 
diluted to a certain degree, then the latter figure, divided by the number 
given on the label of the culture eiujiloyed, gives the number of standard 
agglutination units contained in 1 c.c. of the serum examined. 

A stand containing 15 small agglutination tubes in three rows of five each, 
and two larger dilution tubes, should be taken. With a dropping pipette 
measure out into one large dilution tube 51 drops of normal saline solution 
(0-85-per-cont. sexiium chloride in distill(^d watt*r) by means of g<*n(le pressure 

^ The priiiciplft ol tlu; biu lorial omtilsUms i.ssiu-il froia Ihr Oxford iMboratoHcs umhT the .uispici's 
of the Medical Research C-ouiu-il arc foriuolizcd with cultures of stniiiK-; frequently subcultured to 
increase their ag>?hit.inal)ility. Tliey remain stable for loiu? periods. 
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on the teat. Wash the pipette with distilled water, and subsequently with 
absolute alcohol and ether, so as to dry thoroughly. Take up the serum to 
be tested into the dried pipette. Measure out 6 drops of the serum into the 
dilution tube already containing the 54 drops of saline, thus obtaining a 
dilution of 1 : 10. 

The second tube should be taken, and 3 drops of the 1 : 10 stn'um dilution 
added to 57 drops of normal saline ; this gives a dilution of I : 200. The 
pipette should be carefully washed out, and to each tube in tlu* row 15 diops 
of standard agglutinable emulsions of T, A and B an? addc'd. Thus : 


©©@@@ ©@@@@ ©©@ 0 © 

T A 

15 drops 15 drops 15 drops 

For the addition of the diluted serum it is best to commeiua* with the 
liigher dilutions before proceeding to the lower ones. To tube 3 in c^ach 
row add 10 drops of 1 : 200 serum ; to tube 4 in each row add 5 dro])R of 

1 : 200 ; to tube 1 add 10 drops of 1:10 dilution, and to tube 2 also add 

2 drops of 1 : 10 dilution. The pipette must be washed out before proceeding 
to add the saline. The addition of saline should then be made to tubes 
2 and 4, which receive 8 and 5 drops respectively, while tub(‘ 5 rt'ceives no 
serum, but 10 drops of saline only, and acts as a (*onlrol against spontant'ous 
agglutination. This can be best represented by the following scheme : 


No. of tube 


Drops of nortual saline 


Drops of serinu 


1 

2 

3 

4 


0 

8 

0 

5 

10 


Dilution of 1 : 10 
10 
2 

Dilution of I : 20<) 
10 
5 
0 


It will be noted that the final volume of fluid. in each tube, when the bacillary 
emulsions are added, is 25 drops. By mathemaucal calculation it will be 
seen that in tube 1 of each row the serum acta in a dilution of 1 : 25. 

In tube 2 in a dilution of 1 ; 125 

„ 3 „ „ 1 : 5(M) 

„ 4 „ „ 1 : 1,000 

The tubes are examined after four hours at 37° C., or two hours at 
50°-55° C., followed by fifteen minutes at room temperature. The reading is 
taken by comparing each tube in succession with the control tube, and it 
preferably made by means of artificial light against a black background. If 
daylight is used, the tube;? should be partly shadowed by passing a finger up 
and down behind them. 
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The agglutinins of Brucella melitensw and Br. abortus sometimes do not 
ap])ear in the blood until the third or fourth week of the disease. Attention 
must 1)0 paid to a curious phenomenon called the inversion j)henomenon . For 
instance, agglutinins may be demonstrable in the higher but not in lower 
dilutions. In Brucella infections, a dilution of 1 ; 50 or over may be regarded 
as diagnostic. 

Strains of Brucella abortus (Bang) may be agglutinated in high dilutions 
by patients suffering from undulant fever {Br, melitensis) {see p. 326). 

Certain authorities recommend that the serum of undulant-fever cases 
sliould be h(‘atcd to 56 (’. for half an hour before it is tested to eliminate any 
non-s[)ecific agglutinins which may b(^ present, and this is especially applicable 
to fever of th(^ Br. abortus type, as the agglutinins of this organism can be 
absorbed by drinking infected milk. 

OENERAL MODERN CONOEPTIOSS ON ANTKiENS 

The (‘ffccts of heat on the various agents conetTned in agglutination has 
revealed difr(‘rences in the heat stability of different bacterial antigens^ 
(agglutinogens), and of the reaching agglutinins. There are hejit-labile antigens 
which ceasf‘ to react with the corresponding agglutinins after being treated for 
one hour at UuniK^ratures varying between 62 ' and 75° C. A second group 
of antigens are heat-stable. 

In many instances, certain differences in the character of the clumps 
formed during flocculation are noted. The interaction of heat-labile 
agglutinogens and the corresponding agglutinins leads to the formation of 
loost'ly-knit clumps, like Hakes of snow, which form a bulky precipitate but 
which are readily broken up on shaking. On the other hand, the interaction 
of heat-stable agglutinogens with the corresponding agglutinins leads to the 
formation of smaller but tighter clum])s which settle as a granular deposit 
and which are not easily redis}K*rsed by shaking. The heat-l«bile antigens 
and their antibodies arc known as H,"’ while the syinbol *' O ” is used for 
the heat-stable antigens. Any agglutinin which is produced in response t-o 
the inoculation of a particular agglutinogen is regarded as homologous with 
it. HeU'rologous strains can be distinguished by serological methods which 
demonstrate differences in their antigenic components. It w^as therefore 
considert'd possibU^ to estimaP* (piantitativcl}" the antigenic conUuit of a given 
serum, and furtht'r to distinguish agglutinins due to inoculation from those 
produc(‘d as a result of direct infection with living bacteria. The heat- 
labile “ li ” agglutinogens are associated wdth the Hagella of the bacteria, while 
the heat-stable (somatic) ‘‘ O ” agglutinogens are contained in the bacillary 
bodies. (For recent developments in the diagnosis of t^'phoid see pp. 338, 339.) 

Viil.— PREPARATION OF SPECIAL CULTURE MEDIA 

Nicolle, Novy, and MacNeal medium (N.N.N.), for cultivation of 
leishmania and other protozoa. — Composition : 

Agar ...... 14 grni. 

Sodium chloride . . . . 6 „ 

Water ...... 900 ac. 

The agar and the sodium chloride are added to the water in a flask, well 
shaken, and dissolved by steaming for two hours. The hot solution is then 

*Thc particular component of the bacterial aubstanoe which provides the specific stimulus 
is usually termed an agglutinogen ; thus one antigen may comprise several different 
agglutinogens. 
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filtered through oottoii-wool, and about 3 c.i;. are afterwardH distributed 
into each of 60 test-tubes and sterilized in the autoclave at 120° C. for 
20 mins. The medium is cooled to 65° C., and into each tube arc dropped 
20 drops of whole rabbit’s blood as described in conne(»tion with tlu^ Noguehi- 
Wenyon medium {see below). 

The tubes are “ rolled ” in the hand and “ sloped ” upon a glass rod. 
When the agar has set, they are incubated for twenty -four hours to test for 
sterility and to allow them to “ sweat.” They are now cap])ed or sealed 
with paraffin wax. Inoculation is effected by introducing susjKXjted material 
into the “ water of condensation ” ; the tubes are kept at 22 " C. and examined 
5-7 days later for developmental forms of protozoa. 

Adler’s medium for the cultivation of leishmania, etc. -Lock(*’s^ 
solution is placed in test-tubc^s in amounts of 4*5 e.c. ; the tubes are placed 
in a waterbath and the tein])erature is raised to 1(K)' C. when 0-5 c.e. of 
2-})er-cent. nutrient agar is added to each tulx? and tlu* mixture sterilized 
in a Koch’s steamer for one hour on three successive days. When cool, 
0-5 c.c. of sterile rabbit’s serum is added to each tube. 

Noguchi-Wenyon medium for the cultivation of spirochaetes, 
leptospira and certain protozoa. - The medium is prci)ared as follows : 
To 270 c.c. of 0-85-per-cent, sodium chlorkh* add 30 c.c. of ordinarv 2-5-j>er- 
cent. nutrient agar, pH 7-fi. When thoroughly mixed, place 9 c.c. in each 
tube. After being autoclaved at 120" C. for half an hour the tulK*s are cooled 
to 65° C., and into each tube are dropp(‘d, from a rabbit’s ear, 20 drops of 
blood. The tuKis, which are not shaken, are incubate‘d for twenty-four 
hours. The medium is then ready for use. 

The blood is obtained from the rabbit by the paraffin inethcKl. The 
animal is enclosed in a box at one end of which is a round ajKTture fitting 
the neck, through vshich the head projects. The (‘ar is shaved over tlu; 
marginal vein and is wij)ed over with alcoholic iodine solution. When dry, 
the ear is coated above, below, and on the margin with hot melte‘d j)araffin 
wax, so that the area of operation is covered with a thin layer through whi(di 
the vein is still visible, d’ho base of the niarginal v(dn is clamjKid with a 
“ bull-dog ” clij), with a shar[> knife an incision is ma(l(‘ in the vein, and tin; 
sterile blood is allowed to drop from the paraffined margin of the ear into tin? 
tubes. After incubation of the blood-agar tubes it will often be found that 
the blood has coagulated in a cylindric^al column, leaving a clear agar medium 
around it. 

In this medium Leptospira icterohminorrhagw grows readily, and sub- 
culture requires to be made once every three or four weeks. 

The medium has also been employed for the culture of certain intestinal 
protozoa, such as Embadomonas intestuiallSf the flagellates growing in associa- 
tion with numerous bacteria, but for success with leptospira absolute 
sterility is essential. 

Boeck and Drbohlav’s medium for the cultivation of Entamoeba 
histolytica, etc. — Three whole eggs are gently beaten and jKJured inte a 
clean measure with one-fourth volume of Locke’s solution (sodium chloride 
9 grm., calcium chloride 0-24 grm., potassium chloride 0-42 grin., sodium 
bicarbonate 0-2 grm., glucose 2-5 grm., distilled water 1,000 c.c.). The 
mixture is tubed and sloped. The tubes are placed in a slanting position 
in the inspissator and the temperature is gradually raised to 60° C. for one 
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hour. After a second inspissation for a similar period on the second <1 h y. 
the temperature is gradually raised on the third to 80° C. for one hour. 

A second solution is made as follows : To 1,000 c.c. of Locke’s solution 
the whipped white of one (^gg is added ; the liquid is mixed and filtered through 
a “ candle.” The reaction should be about pH 7 G. 

In order to make a culture, 5 c.c. of the albumin solution are added to one 
of the egg-slants and placed in a w'ater bath at 37° C. for a few' minutes. A 
small portion of faeces is then emulsified in the solution contained in the 
])ropared tube and incubated at 37° C. for twenty-four hours. 

Bnimpt has advocated the addition of a small quantity of finely-pow dered 
ri(H*-starch to the medium upon which the entammbae feed and thrive. The 
st arch is added at the time of inoculation. 

47) examine the culture, a fairly wide-boi'e pipette fitted with a rubber 
teat is used and a small quantity of the deposit at the bottom of the (igg 
column removed. 

Serum modification of the above method. — Dobell and Laidlaw^ 
adv'ocate a serum slope instead of the egg slope. They state that sub-cultures 
need only Ix^ made every fourth day. To 100 c.c. of distilled w^ater previously 
warmexi to 40" C., 8 grin, of Looffler’s dehydrated blood-serum is added. 
The dissolved s(u’um is distributed into test tubes, 5 c.c. in each ; the tubes 
are placed in a, slanting iX)8ition and are inspissated on three successive 
days for one hour. On the third day the temperature is raised from the 
usual 50° to 100° C. Albumin solution is added to the top of the slope just 
before use. llice starch may also be added. 


IX.— METHODS OF PRESERVING HELMINTHS AND 
THEIR EGGS 

Trematodes. — The flukes should be collected into a test-tube containing 
1 in. of 0*85-per-eent. saline. This should be shaken vigorously for several* 
minutes in order to stun them and render them flaccid. When extended 
they should Ix^ killed by the addition of an equal quantity of a saturated 
solution of mercury jxirchloride (HgClg). The flukes should then be washed 
in plain water for 20 minutes. For storage purposes they must be placed 
in tulx‘s containing 70-per-cent, alcohol. 

Cestodes. — AfU^r removal from the stool, ta^x; worms should be allow'ed 
to relax in water — a jjrocess which may last two 2-24 hours, according 
to the size of the worm. They are then killed and fixed in hot Schaudiim’s 
fiuid {see p. 1035). After fixation, wash in water for 1-24 hours, according to 
the size of the specimen, and subsequently store in 70-per-cent, alcohol. 

Nematodes. — -These should be collected into 0* 8-per-cent, saline solution, 
not into plain w ater. After removal of faecal matter by shaking, they should 
be dropped into 70-per-eent. alcohol heated to 80° C., to which has been added 
5 per cent, glycerin. When cool, they may be stored in this same solution. 

Eggs of trematodes, cestodes, and nematodes. — A small portion of the 
stool tH)ntaining the eggs sliould be thoroughly mixed by stirring with an 
equal quantity of Laiigeron’s lactophenol (phenol 1 part, lactic acid 1 part, 
glycerin 2 parts, water 1 part), l^ennanent microscopic preparations of eggs 
in this medium may be made by ringing the cover-glass with the following 
preparation, which should be applied after melting by heat : Beeswax 3 parts, 
Venetian turpentine 1 part ; or w ith “ seccotine.” 
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\. s(;ales and standahds 

Centigrade and Fahrenheit scales. T(» cuiivcri Kaliniihcit into 
Ceiitrigrado, subtract 32, nuiltiply the remainder by b, aud divide the result 
by 9. 

To convert Centigrade into Fahrenheit, multiply by 9, divide by o, and 
add 32. 

The diagram (Fig. 364) shows the relation of Fahrenheit to f^entigrade 
degrees. 


Relation of the Metric to the Imperiai. Standard 

Standards of mass 

1 milligramme = 0*015 grain approximately. 

1 centigramme 0154 „ „ 

1 decigramme = 1*543 grains „ 

1 gramme ^ 15*432 ,, „ 

1 kilogramme ^ 35 oz., 120 grains, or 15,432 grains. 


Standards of capacity 

1 cubic centimetre — 17 minims approximately. 


1 litre 


35 H. oz., 1 H. dr., 
approximately. 


Standards of length 

1 Millimicro millimetre (w[jl) 0*001 


1 micron (fx) 


1 millimetre = 0*039 inch. 

1 centimetre ™ 0*393 „ 

1 decimetre — 3*937 inches. 

1 metre = 39*37 „ nearly. 

Factors fob converting from one scale to 
the other 

To convert grammes into grains 

,, „ ounces 


kilogrammes 

grains 

ounces 

cubic c.c. 

litres 

ounces 

pints 

metres 

inches 


pounds 

grammes 

grammes 

ounces 

ounces 

cubic c.c. 

litres 

inches 

metres 


15*432 
0 03527 
2*2046 
0*0648 
28*35 
0*0352 
35*2 
28 42 
0*568 
39*37 
0*0254 


34 min. 

F.C. 

r 

107 


0*001 millimetre, or 0*(X)0039 
inch. 


106 

106 

104 

103 

102 

101 

100 

90 

98 

97 

96 

95 


41 


40 


37 


30 


Fig. 364. 

Fahrenheit and 
Centigrade scales 
compared. 
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Conversion of Imperial to Metric Standard 


Mass 

if'.r, grain 

gramiiK 

.. X 

0 0012 

1 

0*008 

1 

.. yt 

001 

1 ,, X 

0*016 

’ „ X 

0*02 

J ,, X 

0*05 

1 „ X 

0*06 

Capacity 

1 minim 

0*06 c.c. 

(iO „ 7)i 

.‘1*55 , 

4S(I „ 

28 42 „ 
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Abadic’s sifc'n, 11 i 

;Vbortin reaction in (tattle, .T‘J(i 

in man, 3‘JG 

Abortion due to malaria, 91), 100 

in cattle, 320 

A bortoscope, 320 
Abortus fever, 322 

— a^^^lutinat ion in, 1039 

diai^nosis of, 320 

from undulant fever of meli- 

teusis tyi>€!, 327 

ixi cattle, 325 

man, 320 

— _ history and Ss'eogra|)hical distribution 

of, 322, 323 

■ — - prophylaxis of, 328 

symptoms of, 327 

localizing;, 327 

.. . t roatment. of, 32S 

(.sty. dlgo Bnicella abortus: Undulant 

fever) 

Abscess, tilarial, 701, 780, 781, 783 

in tniinea-wonn infe<’tion, 793 

of brain, ammbic, 502 

of epididymis, anuebic, 503 

of liver, amuebic Liver abscess) 

of luiif;, amo'bic, 554, 503 

— - — of spleen, armebic, 503 

quinine, 113 

Ab.sc:ess(’s, intramuscular, 705 

A(' inthoch(*ikmoma perstans, 7 13, 95r», 900 

embryo of, 90)2 

intermediary host of, 1001 

life-history of, 903 

Acauthopis antarticus, 840 
Acarine demiatosis, 703 
Acarus balatus, 972 
Acc^s pcrnicieux, 79 
Acclimatization, 10 
AccoL' forms, 883 
Acotarsol {»ee Stovarsol) 

Achlorhydria in sprue, 592 

Acid-batMi equilibrium, elVect of tropical climate 
on, 17 

Acidol-pepsin, 592 
Acidosis i n blackwat er fever, 90 
Acids, fatty, in toces, 1033 
Ackoe poisoning, 828 
Acne in e^iudidate lor tropics, 7 
Acritlavine hydrochloride in tropical sloughing 
phagediena, 079«. 

Acrocephalus orhmtalis, 271 
Actinomycotic mycetoma, 040 
Addisonian arunmiu, 44 

“ Adhesion phenomenon” in leptospirosis, 235 

iii tr}q)anf)somia8i8, 151 

Adler’s culture medium, 1010 
Adrenalin effect in beriberi, 440, 451 

in cholera, 491 

' dynamic remittent fever, 79 
Aedea (genua), 995 
fiBgyptl, 301, 990 


Ai-des a*gypti and dengue, 390, 397 

and yellow fever, 353, 351, 355, 358, 

301 

— - characters of, 990 

egg of, 982 (lig.) 

“ Hcalc vestiture ” of, 980 (hg.) 

africanus, 990 

albopictus, 39»;, 990 

aiuconnulatus, 990 

' argentcus (.vcc Aedes a'g\'pti) 

chemulpmusis, 953 

— - — generic characters of, 995 

simpsoni, 990 

togoi, 953 

varie 4 ;atus, 751, 950, 953, 99t; 

• — vittatus, 990 
-Estivo-autumnal fever, 50 

Ucc also Malaria fever, subLertian) 

African human trypanosomiasis (see Sleeping 
sickness, gambiense : Sleeping sickness, 
rhodesiense) 

Afridol soap in prickly heat, 080 
Agaiuolilaria streptocerca, 783//., 905 
Agar, cystine, <*omjtosition of, 303 
Agarol, 590 
Agave americana, 832 
Agtriutinutiou, diagnosis by, 1030 

in chohua, 47i>, 180 

in dywujtt'ry, 512, 513 

in enteric and enteric-like fevers, 338, 310 

— in epidemic abortion in cattle, 326 

in infectious jaundice, 234 

in melioidosis, 308 

in subjects inoculated with typhoio and 

j»aratyphoid, 1030 

in tularaemia, 305 

in typhus fever, 258 

in undulant fever, 317 

abortus type, 326 

Inversion i)henomenon. in, 258 

— — - of Brucella abortus in undulant-fever 
patients, 1036, 1039 

rapid method of, 1030 

Agglutinin, 317, 1039 

Agglutinogens, 1039 

•Agglutinometer, 1030 

Agouti and leishmaniasis americana, 209 

Ague, 54 

atypical, 74 

“ cirkc,” 94 

filarial, 702 

lit (see Malaria fever, typical) 

A inhum, 711 

Air-conditioned cubicle, })ortable, 2 1 

Air-conditioning, ^•alue of, 23 

Akamusld, 270 

“ Akembe,” 712 

Aktinion, 840 

^Vkta, 828 

Alastrim, 412 

aetiology of, 412 

— — geographical distribution of, 412 

incubation period of, 411 

pathology- of, 112 
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Alastrim, prophylaxis of, 113 

rash of, 413 

symptoms of, 412 

treatment of, 413 

virus of, 412 

Albuminuria in candidate for tropics, 5 
Alcohol and life in tropics, 2, 22 

poisoning, 831 

Aldehyde test in bilharziasis, 73G 

in kala-azar, 191 

in oriental sore, 205 

Alepol, 613 
Aleppo boil, 197 
Alkalosis, tropical, 17 
" Almata” in spmc, 583 
Alpine scurvy, 458, 465 
Amaas, 412 
Amazona eestiva, 380 
Amblyomma, 252 

caiennense, 263, 1013 

hebraBum, 263 

Amblyopia, malarial, 80 

quinine, 80, 107 

Ambulatory cholera, 481 
plague, 288 

American tr 3 q)anosoiniasis (.svr Tiypanosomiasis, 
South American) 

Ametox, 15G 
Amibiarson, 542 
Amino-acids, 20 
Aminostiburca, 187, 191 
Amoeba {see Entamu'ha.) 

Amcobse, intestinal, 857 

ditl'erential characters of, 802 

Amoibiasis, 522 

artificially produced, 858 

hepatic, 522 

pulmonary, 503 

“ Ammbic diarrhcea," 530 

dysentery (see llyseiitcyy, ama'bic) 

granuloma, 530 

*7 hepatitis (see Hepatitis, amccbic) 

Amok, 656 

Amphistome flukes, 917 
Ampullaria lutcosoma, 903 
Anabin, 543 

Anaemia, acute liaeinolytic, in subtertian malaria, 
83 

Addisonian, 44 

aplastic, 36 

Cooley’s, 40 

hypochromic rnicfocytic dietetic, 43 

idiopathic, 35 

in ancylostomiasis, 807, 809 

in candidate for tropics, 7 

in kala-azar, 196 

-- — in Oroya fever, 246 

in sleeping sickness, 1 51 

in sprue, 575, 579, 581 

treatment of, 591 

macrocytic, nutritional, 37 

of pregnancy, 30 

m^alocytic, 36, 37 

microcytic, 30 

— — normocytic, 30 

pernicious, 44 

sickle-cell, 38 

tropical, 35 

Anakr6, 629 
Anayodin, 640 

Ancylostoma braziliense, 820, 853, 934 

caninum, 853 

ceylanicum, 934 

duodenale, 806, 931 

description of, 807, 931 

eggs of, 834, 1030, and PI. xxxili, 

facing p. 1025 
■ embryos of, 807 


Ancylostoma duodenale, goographiciil distribu- 
tion of, 807 

larvfio of, 936 

reproduction and mode of infection 

of, 807 

Ancylostome dermatitis, 820 

iarvoB, differentiation of third stage, 863 

rhabditiform, 936 

Ancylostomes, summary of life-history of, 936 
Ancylostomiasis, 80(; 

a?tiology of, 807 

diagnosis of, 813 

geographical distribution of, 807 

history of, 807 

inodes of infection n ith, 807 

parasites of, 807 

patliology of, 808 

jirophylaxia of, 818 

return to tropics after, 10 

Kockefeller (.'ommission and, 800a., 820 

symptoms of, 809 

treatment of, 813 

by beta-nai)hthol, 814 

by carbon tetrachloride, 815 

by chcnoi)o<liuni oil, 815 

by eucalyptus oil, 817 

Py tfiyinol, 813 

by trichlorelhyleiu', 810 

combined, 81(1 

■ convalescence in, 817 

.■\neurin, 427, 440 
“ Angareeb,” 42 1 

Auidrosis in candidate for tropics, 0 
Animal parasites and associali'd diseases, 714 

poisons, 837 

Anisocytosis, 1020 
Anopheles aconitus, 988, 990 

albimunus, 54 a. 

algeriensis, 5*53 

annictus, 953 

crucians, 988, 990 

culicifaries, 889, 990 

dissection of, 8H9 

funcstus, 987 (fig.) 

gambiie, 5)53, 990, 991, 95)3 

generic characters of, 5)80 

hyreanus, 988 (fig.) 

infectivitv of, 889 

maculipennis, 53, 54, 889, 990 

atroparvus, 989 

• eggs of, 982 (fig.) 

labranchlas 989 

larva of, 982 (tig.) 

messem, 989 

pupa of, 983 (fig.) 

iiigerrimus, 5)53 

quadrimaculatus, 53 

rossi, 953, 5)90 

■ sinensis, 953 

Stephens!, 53 

vagus, 954 

Anophelines and transmission of malaria, 988 

artificial Infection of, with malaria, 05 

distribution of, 57 

known to carry malaria parasites, 990 

natural infection of, with malaria, 52 

Anophelini, head of, 984 (tig.) 

Anthlomaline, 726 

Antidiphtheritic serum in veld sore, 681 
Ajiti-dyaenterlc senini, 516 
Antigens, modern conceptions of, 1039 
Anti-hookworm campaign, 819 
Antileprol, 613 

Antimony in bflharziasis, 723, 724, 730, 741 

in climatic bubo, 004 

in dermal leishmanoid, 187 

in filariasis, 777 

in kala-azar, 192, 195 
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Autimoiiy in leibUmauiaHis americuna, 210 

In leprosy, 614 

In oriental sore, 205, 206 

In trypanoBomlaslB, 156, 165 

In ulcerative granuloma, 670 

test in kala-azar, 192 

Antimony- tartrate ointment, 670 
Antirnosan, 194 

Anti-mosquito measures (see Malaria, prophy- 
laxis of) 

Antipellagra factor, 425 

Anti-relaiise treatment in malaria, 109 

Anti-scorbutic factor, 426 

Antiserum treatrnejit of enteric fevers, 342 

of leptospirosis, 236 

Antityphoid ino<’nlation, 343 
Antiveneue, H43 
Antrypol, 153 
Aphthae tropica*, 570 
Aplona, 519 
Apocynacea*, 827 
Ai)pendiciti6, bilbar/ial, 733 

in canrlidate for tropics, 4 

in tropics, 42 

Aj)pendico8tomy in bacillary dysentery, 518, 521 

Ai»peudix, ama'bic ulceration of, 528, 532 

Apj)liqu'' forms, 883 

Arachnida, 817, 970 

Aranea*, 848 

Arctomys bobac, 282 

" Ardent fever ” and malaria, 79 

Areca catechu, 832 

Argas, 892, 973 

mi Hiatus, 976 

IHTsicus, 973, 976 

Armillifer anniilatus, 976 
Anny Hy sprav, 134 
“ Arnct'h iiidex,” 1025 
Arsenic in malaria, 109 

in relapsing fever, 225 

in trypanosomiasis, 155, 15G 

Arsephenamine (xc<? Salvarsan) 

Artcrio-tu'lerosis in tropics, 44 
Arthritis, dysenteric, 507, 518 
— - - in tropics, 47 
Artyfectinostomum siifartyfex, 901 
Arvicauthus ab 3 ’^ssinicus, 284, 378 
Asc-ariasis, 803 

diagnosis of, 801 

symptoms of, 803 

treatment of, 805 

Ascaridole, 815, 816 
Ascaris antigens, 801 

lumbricoides, 803, 929 

eggs of, 929, 1030 and 1*1. XXXJlI, 

facing p. 1025 

■ lifo-historv of, 929 

pneumonia, 804, 930, 931 

suiiJa, 929 

Asc'aron, 803 

Ascites, 185, 506, 731, 73 1 , 735, 710, 761, 800, 895 
Asclepias, juice of, 827 
Asc’orbic acid, 426, 430, 589 
Aspergillus bouffardi, 641 

nidulans, 64 1 

Aspidiuni, oleorcsin of, 822 
Astacus japouicus, 903 
Asturian rose, 458 
Asylum beriberi, 43G 
Atebrin, 105, 106 

and blackwater fever, 87 

in blackwater fever, 1 1 7 

— - in malaria, 117 

dosage of, 119 

inoculated iufections of, 6 5 

prophylactic use of, 136 

in urine, tests for, 1029 

Atebnn-iimsonatc, 119, 123 


Atebrin-plasraoquine, 120 
Atelerii albiventris, 359 
Atriplex littoralis, 828 
Atrlpllclsm, 828 
Atropine, 828 

test in enteric fevers, 339 

Atwater’s bomb calorimeter, 29 
Atypical agues, 74 

Auchincloss’s operation for elephantiasis, 772 
Auchmerorayia luteola, 854, 1006 
Aucubiii, 52 1 
Auremetine, 510 

Austen's classification of (rlossimc, table facing 
p. 1002 

Autolueinotherapy in plague, 294 
Autumn fever, 236 
Avitaminosis, 425 

B 

Baccelli’s mixture, 110 

bacillary dysentery (see Dysentery, bacillary) 
Bacillus abortus (see Brucella abortus) 

aertrycke rsuif)estifer) fever, 344 

astbenogeiies, 437 

coli iub*ctiou8, 344 

f)Ost- dysenteric, 508 

treatment of, by induction of 

ketosis, 346 

dysenteriiP, 496, 498 

Flexner, 496, 498, 501 

isolation of, during life, 511 

— jiost mortem, 512 

Shiga, 496, 498, 501 

— - — Sonne’s, 496, 500, 506 

enteritidis fever, 344 

fajcalis alkuligenes septicajmia, 344 

lepra*, 600 

tubercle bacillus, comparison of, 

600 

culture of, 602 

discovery of, 598 

— ex]>erimental inoculation with, 599 

stiiining of, 600, 602 

rnucosus ca{)sulatus, 666 

of cholera {see Comma bacillus) 

paratypbosiis-A, -11, -C, 330, 331, 332 

pestis, 276 

— — characters of, 278 

culture of, 278 

differentiation of, from B. pseudo- 

tuberculosis rodentium, 292 

_ discovery of, 278 

modifications of virulence of, 280 

proteus, 258 

antigens of, 273 

— isolation of, 258 

— senim reactions involving, 258, 268, 

273, 274 

strains of, 258, 273, 274 

pseudotubereulosis rodentium and B. 

pestis, 292 

rickettsiformis, 264 

serofaoiens, 705 

typhosus, 330, 331 

variations iu antigenic values of 

sera, 340 

Bacterial d^^ntery (sec Dysentery, bacillary) 

skin diseases, 674 

Bacteriophage, 617 

d’Herello’s, 491 

in cholera, 478, 491 

in plague, 294 

Bacterium tularouse, 302, 303 

and Brucella melitensis, 317 

whitmori, and melioidosis, 307 

Bael fmlt in sprue, 586 
Bakandjia, 376 
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Balanites asgyptiaca, iu prophylaxis of bil- 
harziasis, 7*29 
Balantidial dysentery, 564 
Balantidium coli, 564 

Bandi’s method of identifying comma bacillus, 
486 

Davies’s modification 

of, 486 

“ Barashcli,” 450 
Barbeiro, 172 
Barbiers, 435 
Barbus puckcUi, 795 
Barcoo rot, 679 
Barlow’s disease, 473 
Barrington ia si)eciosa, 827 
Bartonella badlJiformis, 243, 244 

— and Oroya fever, 213 

■ and verruga peruana, 217 

canis, 244 

muris, 244 

Bartonellosis, 243 

generalized, 243 

localized, 244 

Basal metabolism, effect of tropical climate on, 1 7 
Basophiles, 1025 
Batavia powder in sprue, 589 
" Bayer 205,” 153 

in gambiense sleeping sickness, 153 

combined with try- 

jvarsamide, 157 

in rhodesiense sleeping sickness, 165 

prophylactic use of, 160, 166 

“ 693H,” 194 

Bed-bugs, 1014 
Bedcrmin, 817 
Bejel,” 619, 633 
” Belly-ache ” bush, 830 
Bemax, 455 
Beuerva, 455 

Bengor’s food in sprue, 583, 586 
Benigm tertian fever {see Malaria fever, tertian) 
Benzidin test for blood in urine, 1028 
Berberine sulphate iu oriental sore, 207 
Beriberi, 435 
— — age and, 436 

and rice, 32, 437 

asylum, 436 

cardiac attacks in, 419 

enlargement in, 446 

simulated by iicteroi)hyes infection, 

900 

columbarum, 439 

diagnosis of, 452 

differential, 452 

of sleeping-sickness from, 1 51 

dropsical cases of, 447 

” dry ” ciises of, 444 

epidemiology and endemiology of, 43t; 

' — — geographical distribution of, 435 

history of, 435 

infantile, 435, 450 

treatment of, 454 

mortality of, 460 

occupation and, 436 

paraplegic cases of, 444 

pathology of, 441 

polyneuritis of fowls and, 437, 439 

predisposing factors of, 441 

prognosis of, 453 

prophylaxis of, 456 

ship, 436 

— symptoms of, 443 

- - - treatment of, 454 
uncertain course of, 448 

Titamin-deflciency theory of, 137 

wet, 447 

Berne, 1012 


Besredka, and immunization iiguinst cholera 
494 

against dysentery, 52*2 

Beta-naphthol in ancyloBtomiasis, 814 

in cestodiasis, 824 

in treatment of tlireadwonn, 943 

Betaxan, 455 
Betel, 832 

Beverages, in tropics, 22 
Bhang, 832 

” Bicho Colorado,” 972 
Big heel, 712 

Bilharzia bo vis, 720, 909, 915 

cercaria {see Cercaria, bilharzia) 

eggs in tnces, Viilleborn’s method of 

detection of, 103L 
— — group, 904 

— — JiHunatobia, 666, 714, 720, 730, 901 

cercaria stage of, 907, 915 

characters of, 715, 905, 913 

eggs of, 715, 906, 909 

calculi, 45 

iu fieces, 1029, J03I, and 

PI. XXXIII, facing p. 1(»25 

— . geographical distribution of, 905 

life-history of, 715, 907 

miracidium of, 907 

development of, in frush-watcr 

snails, 715, 910 

snail-hosts of, 9 1 1 

incognitii, 915 

indica, 915 

— intercalata, 720, 907, 908 

<j08 

ia|»onica, 566, 739, 912 

cercariic of, 913 

characters of, 912, 913 

eggs of, 739, 712 (fig.), 913, 1029 and 

I’l. xxxni, facing p. 1030 
geograplucai distribution of, 912 

— life-history of, 913 

snail-hosts of, 913 

— mansoni, 188, 566, 729, 731, 732, 909 

— characters of, 730, 909 

eggs of, 730, 910, 1029, and PI. XXXill, 

facing p. 1026 

geograr)hical distribution, 909 

life-instory of, 911 

mattheei, 720 

— Hpindalis, 722, 724 

Bilharzia! appendicitis, 733 

dysentery, 566 

Bilharziasis, 714 

Eastern, 739 

ictiology of, 739 

diagnosis of, 7 40 

history and geographical distribution 

of, 739 

— — pathology of, 739 

prophylaxis of, 742 

symptoms of, 740 

treatment of, 741 

intestinal, 729 

complement-deviation in, 736 

diagnosis of, 735 

epidemiology and endemiology of, 730 

— etiology of, 730 

hepatic cirrho.si8 and splenomegaly 

in, 731, 733 

— history and geographical distribution 

of, 729 

- — pathology of, 730 

prognosis of, 738 

— prophylaxis of, 738 

sigmoidoacopic examination in, 736 

symptoms of, 732, 733 

treatment of, 736 

mixed infections of, 777 
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Hillmmasib of bladder, 7 1 1 

— — aetiology of, 7 If* 

diagnosis of, 721 

* by cyatoscopic cxainmattou, V2:.‘ 

from I’airley’s reaction, 72‘J 

— from intriulcniiiil reaction, 722 

— — fropi prcisenceof eggKinurinc,722 

lustorv and geographical distribution 

of,'714 

— incubation perio*! of, 717 

pathology of, 7ir» 

prognosis of, 722 

prophylaxis of, 720 

s^anptoins of, 717 

treat iiient of, 72:J 

I)y autiinony, 721 

Py einctine, 72.7 

by fouadin, 72.7 

by local a]*plications, 726 

rectal, 732, 7.30 

operative treatment of, 737 

visceral, 731 

- diagnosis of, from kala-a/ar, 188 

geographical distribution of, 731 

pathology of, 732 

8ymi>tonis of, 733 

treatment of, 730 

operati\'e, 737 

- — (sf.v (dso Bilhar/.ia) 
llilharziosis, 714 

Biliary cirrliosis, infantile, .790 

drainage in clonorchiasis, HOG 

Bilious reinilUmt malai ia, 70, 78, 104 

treatment of, 123 

tyi>hoid of Grieslnger, 211 

type of relapsing fever, 221 

Hili-vaccinc, 494 

Biologi(ial protein value, 4G2, 409 

ihl.r. in tropical sloughing phaged;ena, 077, 079 

Bisinostab, 038 

Hismutli arsanilato, 0.38 

arspl*enauiine sulphonate, 038 

— —in dysentery, anaebic, .743 

bacillaiy, .710 

in 3MWS, 037 

Hisnmth-yali'tai A and 230 
Misulpbile-binding snl>stiinc<'. 128 
Hithj'uia, 800 

fuebsiana, 897 

lougicornis, 89 7 

Bitis nasicornis, 9 78 
Bitot’s spots, 427 
lUvutol, 212, 038 
black death, 270, 287/(. 

fever, 201 

heat, 13, 1 I 

sickness, 174 

vomit in yellow fever, 3t;7 

" Black widow ” spider, 848 
Blacktongue in dogs, pellagra and, 130, 403 
Blackwater fever, 85 
' - - and malaria, St! 

— . -- _ n-t iologA' of, 80 

dnig theory of, 80, 88 

- - - jnalaria theory of, 87 

- — blood in, 71, 88 

cases in England, features of. S.7 

- - - diagnosis of, 103 

<iilVereiitial, 104 

distribution of, geographical, 85 

“pideuiiologj^ of, 85 

eye complications of, 9 1 

— gall-bladder in, 71 

— lisemolysis in, mechanism of, 88 

— — — - houses, 86 

incubation period of, 91 

kidneys in, 71 

. mortality of, 94 


lilackwatcr fever, nursing 'ii, 120 

onset of, 91 

pathology of, 71 

pre-black water state in, 91 

- - ^ predisposing causes of, 87 

-- ])rogno!sis of, 104 

jirophjdaxis of, 127 

— return to troi»ics after. 9 

.seasonal incidenee of, 88 

gcipiela* of, 9 1 

— subsequent attacks of, 93 

— ^ — syiupUnn.s of, 91 

treatment of, 124 

bj’ atebrin, 118 

urine in, 92, 93 

nianfordia, 914 

Blastoe^'st is bomints, examination of heces for, 
1032 

Blastomycosis, 640 

diagnosis of, 048 

treatment of, 049 

types of, 047 

l4lcpharof>last, 87 1 
Blighia sapida, 8.30 
blood, (liseascs of, in tropics, 43 

effect of tropical climate on, 16 

in malaria, 08 

in urine, tests for, 1028 

protozoa, 870 

— — spirochietes and si'irilln, fcA crs caused by, 
211 

blood-eelJ.s, red, enumeration of, by Thoma-Zeiss 
hiemocytoineter, 1025 

varieties of, signilicance of, 1025 

white, enumeration of, by Thoma-Zeis.s 

luBinocytoineter, 102.7 

Blood-lilms, for denionstratioii of filarial em- 
byros, 1022 

of llagellated body in malaria, 1024 

for differential count of cells, staining of, 

1023 

for protozoa, staining of, 1023 

for studj' of fresh blood, 1023 

lualuriui, staining of, 100 

— — thick, preparation of, 1021 

thin, preparation of, 1021 

r.lood-picture in troi*ics, 102 7 
blood-platelets, 1027 
blood-sucking tlies, 1001 
larvtp, 854 

Blood-transfusion in blackwater lever, 120 

in sickle-cell aiuemia, 40 

iu sprue, 591 

transiiiissioii of malaria bj', 02 

Blood-vessels, diseases of, 44 
“ Blood-wonns,” 1001 

Blow-flies, treatment of septic wounds by larvic 
of, 852 

Blue disease, 204 

boas’s test for blood in urine, 1028 
body temperature, effect of tropical climate on, 
■ 14 

Boeck and Drbohlav’s culture medium, 1040 

serum modiflentiou of, 10 1 1 

“ F.ochncke’s Dysbakta,” .722 
Boils, 682 
•• Bolus Alba,” 510 
Bordet-Geugou reaction, 799 
Bos siuicus, 912 
Bosch yaws, 208 
Bot flies, 101 1 
Boubas, 018 

Bouffard’s black mycetoma, 64 1 

white mycetoma, 042 

Bouton de Bagdail, 197 

de Biskra, 197 

de chemise, 514 

d’Orieiit, 197 
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Bracliyurus calvus, 87» 

*' Bradycardia test/' 428. 440 
Brain, amoebic abscess of, r>fi2 
Brassy bodies," 883 
Rrcakbono fever, 396 
Bright’s disease, malaria an. I, '.*8 
Brill’s disease, 252, 2G0 
" Broad fish tapewonu,” 918 
Bromosulphalein liver fiiiiotioii tests, 557 
.Brood-cai)8ules, 924 
" Brown atrophy,” 572 
Brucella abortus, 303, 309, 322 

and Br. melitensis, 309, 322, 32 1 

culture of, 324 

in cattle, 325 

in man, 326 

bronchosepticus, 309, 322 

ilifferentiation of varieties of, 312 

infeetions, diagnosis of, bv agi^h it i nation, 

1036 

melitensis, 303, 309, 322, 321 

and JBr. abortus, 321 

culture of, 312 

paramelitensis, 309, 312 

suis, 309, 323 

Bmcellosis {see Undulant fever) 

Brumpt’s white mycetoma, (ill 
Bubas braziliana, 208 
Bubo, climatic {see Climatic buboi 
Bubonic plague (see Piagiie) 

Builalo-gnats, 1000 

Buffer precipitation test in inal;tri;i, in-j 
Bugs, 1014 

destruction of, 1015 

reduviid, 1015 

Bullinus africauus, 908, 909 

and Bilharzia hmmatobia, 715 

contortus, 727 (tig.), 90S, 91 1 

dybowski, 908 

extermination of, 729 

innesi, 908 

truncatus, 908 

Bungarus fasoiatus, 811, 813 
" Buiigi)agga,” 705 
Burdwan fever, 171 
" Burning feet,” 150 
Bushbuck, 142 
Buthus martensi, 817 

maurus, 847 

Bntolau, 944 
” Butterfly lung,” 232 


G 

Cabassous unicinctus, 173, 876 
Cachexia, malarial, 94 

alnQ Malarial cachexia) 

CjBcostomy in bacillary dysentery, 521 

Caffeine citrate, 490 

Calabar swellings, 780 

Calciferol, 26, 426, 433 

Calcification of cysticcrci, 825 

Calcium deficiency in sprue, 571, 576, 591 

in nutrition, 28 

injections in tropical sloughing jdiagedama, 

679 

Oalliphora vomitoria, 855 (fig.)» 1037 (tig.) 
Calorie values, 29 
Calorimeter, Atwater’s bomb, 29 
Calymmatobacterium granulomatis, 666 
Cambaroides similis, 903 
Campolon, injection of, in sprue, 591 
Oancrum oris complicating kala-azur, 186 
Candelillas, 820 
Cannabis indica, 832 

sativa, 832 

Oapyllaria hepatica, 942 


Oaraate, 695 

Oarapata disease, 213, 222 
Carassius auratus, 897 
( 'arbamino-phcnyl -arsenic ;vnd, 512, <>39 
( Jarbarsonn, 542, 639 
Carbohydrates, 25 

Carbon tetrachloride ill aueylostomiasis, SI 5, Si ; 

in ascaris infection, K06 

in ccstode infection, S23, 919 

in tlireadworm, 911 

in trie host rongyl us iiilVctiofi, :i39 

Carbon dioxide snow in leprosy, 61 I 

in oriental sore, 208 

Carcinoma among natives, 50 

of stomach in tropics, 42 

primary liver-cell, in trojiics, 4 3, 50 

Cardiovascular sysOira, exaniiii.itioii of, ii» 
caiididatea for opics, 4 
Carotene, 426 

( farriers of bacillary dysentery, 509, 521 

of cholera, 481, 493 

of enteric fever, 331 

detection of. 338 

(Jarrion *8 disease, 243 
Carter’s black mycetoma, 6 1 1 
(7asbis in yaws, 638 

Casoni test in diagnosis of li\alatul disease*, 92(> 
Cassava. 830 

wild, 830 

( ’assia alaia, liOO 

( tastellani, and dis<‘o\ ery of parasite of sleeping 
sickness, 138 
( Jat-bitc disease, 239 
C-attle, abortus infection in, 32;i, 325 

Hift Valley fever in, 377 

Gausus rhonibeatus, 839 (tig.) 

( lebus, 378 

('.ellulosein nutrition, 2C) 

(>jntigrade and J’aiirenlicit icales, n-lation 
between, 1012 
(V'litipedes, bites of, 8 19 
Central uersous system, diseases of, 19, (iaO 
tJentrifugal floatation nietliod f coiiceiitration (»f 
ficcea, 1031 

Centropus javanicus, 271 

(Jentrurus, 847 

(tepluelis ipecacuanlue, 537//. 

Ceratophyllus aeutus, 30.3 

faseiatus, 284, 876 

Iffiviceps, 282 

tesquorum, 282 

(.lercjiria pleuroloi/hocerca, 900 

stage of Billiarzia hieinatobia, 907 

Cercariaj, bilharzia, 915 

structure of, 916 

el vie, 917 

fork-tailed, 915 (tig.) 

fureocercous, 915 (tig.) 

CercDcebus, 378 

fuligiuosuB, 873 

CercocystlB, 928 
(Jercoi>ithecus, 378, 879 
albigularis, 978 

and sleeping-sickness inoculal ions, 1 10, 153 

callitrichus, 9 1 7 

patas, 140 

pousayguei, 978 

pygerj'thrus, 938 

sabffiUB, 909 

Cerebral capillaries, embolism of, in malaria, 81 

forms of subtertian malaria, 67, 79 

Gerebro-splnal fluid iu diagnosis of sleeping sick- 
ness, 152 

meningitis, in tro])ics, 19 

Cestodes, 821, 917 
characters of, 918 

eggs of, 1029, and PI. XXXlll, facing p. 1026 

preservation of, 1041 
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Cestodiasis, 821 

after- treatmruit of, 82 i 

ireatinont of, 821 

by carbou tetrachloride and cheno- 

podlum oil, 823 

by niix niaa, 821 

by melon seeds, 823 

by pelletierina, 823 

intraduodeual, 823 

( ’<?vitanii<* acid, 430, 472 

<>*ylon epidemic of malaria, r.»31, 01> 

— sore mouth, 370 

< ’hiu’haleh, 430 
<;loHJ[as’ diesiise, lih) 

( 'hselopelma olivactM, 8 18 
( hapenonada, 3ti0 
( 'harcoal in sprue, 300 
Charcot- Lcy<ieii crystals in ficcos, lo:il 

in aina-bic dy.s<m(cry, 331 

(’harkaolin, 390 
Chaullie, 820 

( ^haulmoof'ra oil in leprosy, 013 
( 'heese-mites, 833 

in finces, 1033 

t heloid, 074 

( 'heno[K>di\mi oil in ancylostomiasis, 813, 810 

— — in ascaris infection, 800 

in cost ode infection, 821 

Cherodon ruratsiris. 101«», 172 
Cliiatopsylla rossi, 283 

(Uiick and Hume, and diet in }>ellaLrra, 172, 174 
( 'hitrger, 700, 1017 

Chilomastix in bacillary-dysentery exudat(‘, 311 

inesnili, 804 

and dysenlcrx', 308 

“ Chiloiia ” blt*ediii^' tlis< asc, 712 

< 'hilopoda, 849 

( '.hiniofon (.ycc Yatren) 

** Chinkumbi,” 713 
(ihitKodasmin in malaria, 1 1 7 
Chironomidie, 9S0, 1001 

dilTerentiation of, from Tmtsejuitot .-. '.iSC. 

life-history of, 1001 

(Jhiufa, 7 1 3 

Cholecystitis, in tropics, l.'l 
(diolelithiasis after hlackwater fever, 9 I 
— — in troi»ics, 43 
( diolera, 476 

a'tiolopy of, 4 78 

f?enii of (sm (jomma bacillu-.) 

aKirlutination in, IKt; 

algid stHge of, 483 

amhulatdrv, 481 

carriei-s, 481 

diagnosis of, 483 

bacteriological, 483 

rapid method of, 480 

differential, 487 

from food-i>oisoning, 488 

— — ei>ivlemlology atid endcmiology of, 470 

forecasting epidemics of, 477 

geographical distribution of, 470 

Hamburg outbreak of, 477 

history of, 476 

— - hyperpyrexia in, 484 

immunity from, 481 

immunization against, per os, 491 

incubation period of, 493 

inoculation against, 493 

lower animals and, 480 

methods of infection in, IS 1 

mortality of, 484, 494 

- pat iiok)^ of, 482 

** piemonitoiy diarrhma ” in, 183 

prophylaxis of, bacteriophage in, 193 

inoculation in, 493 

perse lull, 494 


Cholera, prophylaxis of, quarantine, 492 

reaction stage of, 484 

sequel® of, 484 

sicca, 484 

symptoms of, 482 

treatment of, 487 

bacteriophage in, 191 

Cox’s, 490 

eswmtial oils in, 489 

— kaolin in, 487 

Kogers’s, 489 

subsidiary measjin-s in, >188 

tyf»e8 of outbreak of, 177 

typhoid, 484, 491 

vacoine, 494 

Choleraic dysentery, 303 

form of subtertian malaria, 81 

(’holeraphage, 491 

in prophylaxis, 493 

( ’hromatoid bodies, 324, 837 
( ^hri'somyia bezziana, 830, 1009 

macellaria, 783 

Chrysophanie acid, 690, G93, 697 
("hrysops, 1001 

dimidiata, 778, 960, 1001 

discalis, 1001 

and tulamnnia, 302 

silacea, 779, 960. 1002 

( 'hvostek’s sign in pellagra, 46.*'. 

Chylocele, 757, 768 
Chylous diarrhfea, 768 
dropsy, 737, 768 

— urine, 767 

< 'hyluria, 737, 766 

treatment of, 768 

t 'jgatuera poisoning, 846 
t’ignolin in dhobie’s itch, 690 

in orient .d sore, 206 

in tinea irabrictita, <i93 

(‘irnex boueti, 876 

hemiptera (rotunda r us), 876, 101 1 

hirudinis, 876 

lectularius, 303, 876, 101 I 

■ rotundatus, 876 

« 'iuchona febrifuge in malaria, 109 
( 'ireulation, effect of tro]»ical climate on, 16 
t’irrhosis, hepatic, and splenomegaly, 7:51 

in tropics, 43 

infantile biiiar>', 396 

(Ytillus beecheyi, 283 

citiUus, 181, 281 

colurabianus, 264 

grammurus beecheyi, 303 

mugozurieus, 281 

1 tlasmocT^, 1026 
“ Chivus,” 629 
(Meopatra bulimnoiiles, '.t(-0 
('limates, troiucal, 12 
( 'limatic bubo, 658 

;etiology and epidemiology of, (53s 

diagnosis of, 662 

esthiom6ne and, 660 

geographical distribution of, 658 

pathology of, 660 

— primari’^ sore of, 660 

— strictimi of rectum and, 660, 663 

symptoms of, 661 

— treatment of, 663 

Clonorchiasis, 800 

rotiology of, 800 

diagnosis of, 801 

geographical distribution of, 800 

pathology of, 800 

propliyiaxis of, 802 

tieatment of, 801 

Clonorchis sinensis, 800, 896 

PCUH of, 896, 1029, and I'M, XXXIII 

facing p. 1025 
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Olonorchis sinensis, life-history of, 89f> 

pathogenicity of, 800 

Clothing, tropical, 20 
Clupida longiceps, 816 
Olupid®, 816 
Cobras, 838 

bite of, 811 

Ooccidia, 867 

human, 868 

Coccidiuni, life-cycle of, 867 
Cochliomyia macrellaria, 850, 100!« 

Cod-liver oil, vitamins in, l.'hl 
Ceeliac disease, 580 
Coelogenys subniger, 1016 
Coenums cerebralis, 925 

glomeratus, 921 

Coko, 618 

Colitis, dysentery and, 569 

in candidate for tropics, '» 

Colubriiue, 858 
Colubrine snakes, Into of, S 1 1 
Coma in malaria, 80 
Comma bacillus, 178 

causal relation of, to cliolera, 479 

cultivation of, 179 

fixed virus of, ISO 

ide.ntilic'ation of, 485 

immunity and, 181 

toxins of, 480 

Complement-deviation in hilliarziasis, liastern, 
741 

intestinal, 756 

of bladder, 722 

in blastomycosis, 619 

in tilariasis, 755, 75ri, 787 

in liy<latid cyst, 926 

in malaria, 100 

ill onchocerciasis, 78 7 

in t\o>hus fever, 258 

(.'ornplement-tlxation in anio-bic dysenit i v, 551 

in cysticercosis, 82»; 

in variola, 4 1 1 

in yellow fe\er, 570 

Congo tloor-nniggot, 1006 

— red fever of, 576 

Connective tissue in heces, 1055 
( lonorhinus (stu: I’riatoma) 

Continued fever (jjcc Enteric fevers) 

malarial fever, ilefinition of, 7 I 

'' (vonvalescent carriers,” 509 
tbiivulsive seizures in malaria, 79, 80 
(boley’s anajuiia, 40 

{etiology of, 41 

blood changes in, 1 1 

clinical features of, 1 1 

pathology of, 4 1 

■ treatment of, 11 

Copperhead, 840 
Coral-plant })oisouing, 850 
Coramine, 471 

Cordylobia authropophaga , 851, 851, lOlo 

stigmata of larva; of, 1007 (tig.) 

Corethrina;, 986 
Couillard’ssign, 805 
Councilman lesions, 563, 561, 578 
C'Ouncilmania lafleuri, 860 
C'over-slips, cleaning of, 102 1 
(.’ow itch, 820 

Cox’s treatment of cholera, 190 
“ Crab yaws,” 51, 628 
Crab-louse, 1015 
Craw-craw, 684 
Creeping eruptioji, 852, 954 
" Crescent bodies,” 60, 111, 88 1 
Cricetomys gambiajius, 215 
t.’ricetulus frumeutHrius, 18 I 

griseiiB, 179, 181 

Crithidia, 879 


Crocidura, slampllii, 28 1 
Crotalus, bites of, 812, 8 hi 
— — terrilicus, 812 (lig.) 

CryptocDccus cavmulat\is, f, \T 

- - farciminosns, 647 

hominis, 647 

hystolitica, 648 

lingujBi)ilo8ai, 647, 891 

I)8ychrophylicus, 6 17 

CrypU>termes, 571 
Crystovibex, 455 

(Ucnocephalus canis, 281, 929,1018 flig.) 

- — - felis, 281 
( 'ulex jegypti, 996 

alls, 955 

{iimulirostris, 955 

- bititmiorliynchus, 60/). 

futigans, 988 (lig.), 992 

■ jind dengue, 59 7 

_ -and Filiiria baiioofti, 719, 751,9 18 

955, 916 

ejrjT of, 982 ( lig. ) 

larva of, 985 ( ti'.:. ) 

pupa of, 98.“. (lie.) 

habilitator, 955 

j)ipi(;ns, 99:5 

and Kiliuiji ImiK iofli, 751//., 955, 991 

. egg of, 982 dig.) 

(pliiuiuefii.scuitus, 992 

- ” sc;d*' vestiturc” of, 987 (lig.) 

.'<«“apularis, egg of, 98 2 ( lie. ) 

skusci, 992 

- - — tlj;»la.ssiu.s, 562 

vishnui, 955 

whitmorei, 955 

- - wing of, 985 dig. ) 

( ’ulici^lie, 980 

— ■ subfamilies of. 986 

(.svr also .Mosquitoes) 

(luliciiiie, 986 

heads of, 98 1 dig-) 

dulicoides, 1001 

austeni, 9»5.5, lOOl 

furen.s, U65, 100 1 

grah;i!ni, 965, 100 1 

- pjii-amsis, 957 

( ulture me<lia, Adlei’s, lopi 

- Hoct k and I M-l>o!ii:i\ 's, Kdo 

Noguchi-Wenyoii, lolo 

dutaneous leishmaniasis, 197 

dutis aiiserina in ma’ariiil fevo . 75 
(lyclophyllhlea, 917, 921 
Cyclops bicuspidatus, 96S 

— coronatus, 968 
leuckarti, 920 

quadricornis, 789, 968 

strenuufl, 918, 968 

viridis, 968 

Cynocephalus, 873 
OynomolguB phlUppensis, 621 
Cysticercoid, 928 
Cysticercosis, 824 

diagnosis of, 820 

pathology of, 825 

prophylaxis of, 826 

symptoms of, 825 

treatment of, 826 

Oysticercus bo vis, 925 

cellulosee, 922, 925 

racemosus, 922 

Cystine agar, composition of, :>o;i 
Oystitlsiu B. coll infections, 546 
Cyst-passers (Entamreba hist olyLiea;, 526 
incidence of, 527 

Cysts, protozoal, concenl ration of, in fioces, 1055 
(Jyto-diagnosis, 511 
Qy topyge, 870 
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Uaboia, 841 (fit;.) 

Dandy fever, 3lUi 
Danysz's bacillus, :iO(» 

Dasyprocia and leishnianiapifl aincricann, 2(il» 
Dasypus novemciiictus, 173, 87(1 
sc.xcinctus, 173 

■ unicinctUB, 173, 870 

Dav^ainoa asiatica, 1121) 

formosana, 92'.) 

genuB, 929 

madagaecarienBis, 929 

i)eath adder, Australian, 840 

fish, 840 

Deer-fly fever, 302 

Delhi boil, 197 

Delirium in malaria, 80 

Demodex folliculorum var. hominiB, 972 

ricngue, 396 

wtiology of, 397 

mosquito and, 397 

diagnosis of, 401 

from seven-day fever, 237 

from yellow fever, 309 

epidemiology and endemiology of, 3f*0 

eruption in, 400 

geograi»hical distribution of, 390 

immunity from, 401 

incubation period of, 398 

mode of spread of, 390 

mortality of, 401 

pathology of, 398 

■ prophylaxis of, 402 

relapses in, 401 

rheumatoid pains in, 100 

stage of invasion, 398 

of remission of, 399 

symptoms of, 398 

— — - terminal fever and eruption of, 399 

treatment of, 401 

variability of epidemic type of, 400 

1 >€ni80iiia 8Uf>erba, 840 

Dermac.entor andersoni, 24r», 2<'-4, 303, .304, 976 

occidentalis, 26 4 u. 

reticulatus, 26 47i. 

variabilis, 2.32, 264, 266 

venustus, 264/i., 976 

and spotted fever of Hooky ^fountains, 

252, 264, 265, 266, 268 

and tick paralysis. 266 n. 

Dennacentroxenus rickettsi, 251 
Dermatitis, ancylostome, 820 

in spnie, 580, 592 

linearis mierans, 852 

nodular, 684 

solar, 18 

ulcerating, 684 

Derrnatobia cyaniventris, 851,8.3 1, 1011 (tig.i, 
1012 (tig.) 

Deraiatographia, 740 
Dermatophylus, 701 

penetrans, 1018 (fig.) 

Dermatosis, acarine, 703 
Derrengadera, 166 
Desert sore, 679 
Desftin, 206 

Deamodillus auricularis, 283 
Desmodus artibieus, 387 

rotundus, 387 

rufus, 887 

Detritus in faeces, 1033 
Devitamiuosis, 426 
Dhobie's itch, 687 

fPtiology and nomenclature of, 687 

diagnosis of, 689 

prophylaxis of, 691 

symptoms of, 688 


Dhobie's iD:h, trralmeut, of, 689 
Diabetes in candidate for tropics, .3 

in tropics, 46 

Diaptomus gracilis, 918 
■ — oregonensis, 918 
Diarrheea, anuiibic, 530 

diagnosis of cholera from, 485 

hill, 594 

in s})me, 577, 589 

premonitory, in cholera, 182 

tropical, 570 

J )ibothriocephaluH latus, 917 

mansoni, 919 

Dicroc'-oelium lanceatum, 901 
Didelphys, 173 

marsupialis, 876 

paraguayensis, 1 73, 876 

Dientammba fragilis, 524 
Diet (xctf Food ; Nutrition) 

Digestion, eflfect of tropical climate on, 1») 

“ Digestive ” history of candidate for troj)icfi, 4 

system, diseases of, in tropics, 4 2 

Dimtaliii, 259 
Digitalis, 259 
Digitoxin, 259 
Dinopsjdlus lypusus, 283 
'• Diouridt*,” 369 
Dipetalonema fXirstans, 960 
J dphthoria, in tropics, 19 
Diphyllobothrium latum, 821, 917 
— - — - — —eggs of, 918, 1029, and L’l. X.wiii, 
facing p. 1025 

. — — life-history of, 918 

pathogenesis of, 919 

mamsoni, 919 

inansonioidcs, 920 

ocular spaiganosis and, 920 

pathogenesis of. 920 

Dipodipus sagita, 282 
Dipylidium caninum, 928, 1017 
Dirolilaria immitis, 750, 755, 993 
Disaccharidcs, 25 
Discomyces bovis, 641 

madura*, 641 

Distomum ringeri, 796 
Diverticulitis and dysentery', 569 

in candidate for trojiical life, 5 

Divicine, 828 
Djenkol, 830 

Dmelcoe chancroid antigen, 663 
Dog, and kula-azar, 177, 179 

and leptospirosis, 230, 23 1 

“ disease,” 403 

Dog-tick and tick typhus, 202 
Dracontiasis (see Guinea-wonn infection) 
Dracuuculus medinensis, 788, 965 

characters of, 788, 965 

embryo of, 907 

— geographical di.stribution of. 789 

. — life-history of, 789, 966 

mode of infexjtion with, 789 

Drug addiction, 831 

addicts, malaria in, 56 

** Dry beriberi,” 443 
Dry-rot and sprue, 571 
Dube, 618 
** Dumas,” 028 
Dum-dum fever, 174 

Duodenal ulcer in candidate for troi'ics, 4 

in tropics, 42 

“ Durango,” 847 
” Diirck’s nodes,” 142;i. 

“ Dutch-wife,” 686 
Dysenteric arthritis, 607, 518 

form of subtertian malaria, 82 

rheumatism, 607 

Dysenteries, differential dijignosis of, 666 
types of, 496 
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Dyeentery, aiULebic, 

— — aatiology of, 524 nt,no Eutam'T*f>a 

histolytica) 

jind sprue, 693 ; 

t’oiiiplications of, 632, 616 {srr also 

Abscess of brain, amu bic ; Ab 
scess of epididymis, ain(i*bie : 
Abscess of spleen, amoebic : lAver 
abscess : rulmonary aiiKebiasis) 

cyst-passers in, f)2(), 527 

diagnosis of, 533 

by agglutination, 1(»3»; 

differential, 5<;C 

from bacillary dvstmtorv, 

511,613 

siginoidoscopic, 53 1 

X-rays in, 531; 

— ^ — diet in, 541 , 544 

epidemiology and ciulcmiology of, 

523 

geographical distribution of, 523 

hepatitis in, 532 

treatment of, 543 

histology of, 529 

incubation period of, 529 

— licer abscess and, 545 

pathology of, 52H 

■ I)erforation of ulcer in, 513 

— — propliylaxis of, 544 

return to tropics after, 9 

scheme for dietary and combineil 

treatment of, 54 1 

sequela! of, 532 

sprue and, 571 

superimposed ou bacillary dysentcrv, 

532 

symptoms of, 529 

treatment of, 53G 

by auremetine, 540 

by bismuth subnitrate, 543 

by carbazone, 542 

by emetine, 537 

by emetine-bismuth iodide, 538 

— by iodine-oxyquinoiine-sulftho- 

nic-acid combinations, 540 
by ipecacuanha, 537 

■ by kurchi and derivatives, 512 

by rivanol, 543 

by stovarsol, 542 

by yatren, 540 

by yatren and emetine-bis- 
muth-iodide combined, 511 

bacillary, 49G 

aitioiogy of, 498 

predisiiosing causes, 507 

— acute, 504 

ascites as a sequel to, 50G 

carriers of, 4G7 

choleraic, 505 

chronic, 505 

treatment of, 518 

surgical, 518 

collapse in, treatment of, 518 

complications of, 607 

treatment of, 518 

contagion in, 497 

cyto-diagnosis of, 51 1 

diagnosis of, 510 

by examination of stools, 51 1 

from amoebiasis, 511, 513 

serological, 512 

sigmoidoscopic, 5 1 3 

diet in, 615 

epidemiology of, 497 

fulminating, 604 

geographical distribution of, 497 

germs of (see Bacillus dysenteria?) 

histopathology of, 502 


Dysentery, bacillary, houseflies as cHrriera of, 497 

— — in children, 606 

incubation period of, 502 

mild or catarrhal forms ol, 6 <M 

— pMthology of, 501 

— — prognosis of, 515 

projihylaxis of, 521 

by inoculation, 522 

relajising, 505 

returrj to troj)ics after, 9 

■ seipiche of, 508 

stools in, 603 

symptoms of, 502 

treatment of, 515 

1 , 3 ’^ rectal irrigation, 519 

by retention enema, 520 

— — by serum, 51G 

— surgical, 520 

water as medium of infection in, 498 

balantidial, 5G4 

bilharxial, 5GG 

conditions resembling, 5G9 

• due to (lOsophagostomum apiostoiiium, 6 C.(; 

epidemic l) 3 'sen(crv, bacillarv') 

Ilagellate, 5G8 

forms of, not mutual!}' exidusive, 49(; 

helminthic, 49(;, 5GG 

kala-a'/ar, 5G9 

malarial, 5GH 

— - — mixed infections in, rjGC. 

protozoal, 49G 

relation of liver abscess to, 5 16 

return to tropics after, 9 

Sonne, 50G 

— — spirochadal, 5(;s 

types of, 49G 

verminous, 49G 

Dvsentulin, 540 

E 

Mars, examination of, in candidates for tropi«:s, 3 
Ivatan, 515 

M.H.l., in amu'bic dysenterv', 538 

in liver abscess, 558, 559 

Mchi nococcus granulosus, 924 
characters of, 924 

— diagnosis of, 92G 

eggs of, 924 

larval forms of, 924 

life-historj’" and pathogenesis of, 92 1, 

92G 

Mchinostomum ilocanum, 901 

malayaJium, 904 

Kchis, 843 
— - carinatus, 842 
Keonomo’s disease, 49 
Kczema in candidate for tropics, 3, 7 
I'lggs of Ancylostoma duodenale, 807, 813, 933, 
1030 and I’l. XXXIII, I t, facing p. 1025 

Ascuris lumbricoides, 803, 1030, and IM. 

XXXIII, 7, 8, 9, 10, facing p. 1025 

Bilhama, detection of, in fieces, Fiilleborn*s 

method for, 1031 

■ laematobia, 715, 1029, and 1‘1. XXXIIJ, 

11, facing p. 1025 

intercalata, 720, 908 

juponica, 739, 1029, and PI. XXXIH, 

13, facing p. 1025 

— — mansoni, 730, 910, 1029, and J’l. 

XXXIII, 12, facing p. 1025 
Cionorchis sinensis, 800, 802, 897, 1029, an<l 
PI. XXXIII, 6 , facing p. 1025 

Demodex folliculorum var. liominis, 972 

Diphyilobothrium latum, 918, 1029, and 

PI. XXXIII, 21, facing p. 1025 

Dipylidium caninum, 929 

Echinococcus granulosus, 924 
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EiZ^^s, Entcrobias vcrruicularls, 942, 1020, and 
J’l. XXXIII, 19, facing p. 10‘jr, 

Fasciola hepatica, 890, 1029 

l''ascioloi)sis buskii, 894, 1029, and I’l. 

xxxin, I, facing p. 102.'> 

( J-astrodiscoides hominis, 917 

helniintiiB, jireservation of, 1011 

lieterodora radicicola, 1030, and Tl. XXXIII, 

22, faring p. 10;.'.“) 

ITeterophyes betcrophyes, 899, aiul PI. 

XXXIII, 3, facing p. 102.“) 

IJymenolcpis dirninuta, 928 

nana, 928, 1031, and Pi. xxxili, 20, 

facing p. 102.') 

intosMnal parasites, examination of fieces 

for, 1029 

ni(.thod of concentrating, 1031 

Linguatula scirata, 978 

.Metagoninms yokogawai, 901, and Pi. 

XXXIII, G, facing p. 1(I2.'> 

mosquitoes, 980, 982 flig.) 

Necator aineri<*.anus, 813, 93(’., lolio 

(Psofihagosionumi apiostomuin, 938 

Opisthorebis felineus, 899, and PI. XXXIII, 

•1, facing p. 102.') 

Paragoniinns ringeri, 798, 902, and Pi. 

XXXIII, 2, facing p. 102.'. 

Pblebotomus, 998 

Pbysaloi>tera c^aucnsica, 931 

Porocepbalus armillatus, 979 

moniliformis, 979 

.'^imuliurn, 1000 

St rongyloitles stcrc!oralis, 912 

Ticriia saginata, 923, 1031, and PI. XXXIII, 

17, facing p. 102.') 

solmm, 922, 1031, ami PL XXXIII, IG, 

facing p. I02.'i 

'Pernidens deminutus, 939 

'rrichinella si)iralis, IMG 

Tricbostrongylus colubriformi.s, 939, 1030, 

and I’l. XXXIII, 1."), facing p. 102.') 

'J'ricburis trichiura, 9 11, 10.30, ainl PL 

XXXIII, 18, facing j>. 102') 

Jjgyptian chlorosis, 80G 

Sfilenomegaly (.str Hilban'iasis, visceral) 

Lhrlich’s bcn/.aldctiydc reaction, 102S 
lOimeria, 8G7, 8G9 

clupeamm, 8G8, 870 

giibleri, 8G8 

oxysi)ora, 8 70 

sardinm, 8G8 (fig.), 870 

— — Hcliubergi, 8G7 

slieda*, KG8 

wenyoni, 870 

Idafibe climacopbora, 920 
lOlapiiur, 838 

I'bastoplast, in tre.atment of tropical sloughing 
phagedmna, G78 
Ibopbantuisis, 770 
— - — a filarial disease, 737 

associated with onebocereiasis, 781 

classification of, 77)9 

nostras, 709 

of arms, 771 

of legs, 771 

treatment of, 771 

of limited skin areas, 7 70 

of scrotum, 772 

treatment of, 773 

of vulva and mamma\ 771 

pathology of, 757 

Elephantoid fever, 7G1 
Pliocharis, 896 

Kmbadonioiias intestiuallK, 8G4, SGO, 1010 
FmboUsm of cerebral arteries, 81 
Emetine in amoebic dysentery, 537, 043 

in bilbamasis, 720 

in liver abscess, 008, OGO, OGl 

67 


Emetine in liver-fluke infection, 896 

in oriental sore, 20fi 

in paragonimiasis, 799 

in pulmonary amoebiasis, 0G4 

toxic effects of, 037, 038 

Ernetine-bismuth-iodide in umcebic dysimtery, 
038, .510 

in liver abscess, 008, OGO, OGl 

Ernetine-periodide in ama-bic dysentery, 040 
Encephalitis japonica, G04 

letbargica in tropics, 49 

St. Louis, vims of, 3.50 

Encystment in liver abscess, 047 
Kndainepba dyseritcri.e (str lOntamoiba bistoly- 
t i<;a ) 

Endemic funiculitis, 7G1, 7G8 

hiematuria, 711 

luemoptysis (.vcc Paragonimiasisj 

by})ertropby of os calcis, 712 

typhus, 20-4, 2G0 

relation of, to epidtmiic typhus, 2G1 

Emloerine disordersin candidates for tropics, 7,S 
Endodermophyton concentricum, G9l 

indicum, G94 

idolima.x nana, 021, 8G1, 802 
idotoxoid vaccine, 344 
itamu'ba coli, 021, 859, 8G2 
cysts of, 8GO 

— — in bacillaiT-dyscntery exudate, 01 1 

incidence of. 8ti0 

life-history of, SGO 

— — dispar, 859 

dysenteria? I'bitamieba liistolytica) 

gingiviilis, SGO 

histolytica, 023, 021, 525, 857, S(i0 

and dysentery, 5! 1, 514, 522, 523 

and liver abscess, 55G 

culture of, 021, 858 

medium for, 1010 

cyst -passers, .52G 

cysts of, 02 1, SGO 

concentration of, in faces, 1033 

detection of, in stools, 024 

life-bistory of, 525 

macacamm, 859 

non-pathogenic si)eci*es of, 525 

tetragena (see Entaimeba histolytica') 

Entaimeba', discoverv of, in stools, 021 

jn liver abscess, 047 

Enteric fevers, 330 

ioliology of, 331 

organisms of, 331 

atroi)ine test in, 339 

bacteriology of, post-mortem, 333 

carriers of, 331 

detection of, 338 

— culture of excreta in, HilS 

— cystitis in, 3iG 

diagjiosis of, 330 

bacteriological, 338 

- by dia/o reaction, 339 

- by Marris’s atropine test, 339 

- by Russo’s metbvlcne-blue test, 

339 

- clinical, 335, 337 

- differential, 339 

— : — from Bacillus coli infec- 
tions, 339 

- from tyi)hus, 339 

- of typhoid from para- 

typhoid, 339 

- in inoculated persons, 338, 310 

- serological, 338 

- in inoculatcti persons, 338, 

340 

epidemiology and endciniology of, 331 

geographical distribution of, 330 
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Enteric fever.-;, haemocnUnrc in, 338 

history of, 330 

incubation period of, 333 

inoculation a<,^iitist, 8, 3-13 

onset of, 333 

patholot^y of, 332 

“ i>erio(i of expectation” in, 339 

post-inortera appearances in, 332 

bactcriolo^'y of, 333 

preparation of vacx'ines against, 3i3 

prevalence of, 330 

■ prophylaxis of, 343 

measures to avoid infection, 314 

triple vaccine in, 343 

prei>aratic)n of, 343 

stalistics of results, 

313 

pulse-teinj>crature ratio in, 33G 

pyelitis in, 340 

pyrexia in, 335 

rose spots in, 333, 337 

splenic enlargement in, 330 

symptoms of, 333 

toxaania in, 330 

treatment of, 341 

* by antiserum, 3 12 

by vaccine, 343 

of convalescence in, 342 

“ types of,” 335 

Widal reaction in, 338 

Enteric-like fe\ ers, 344 

duo to P>. coli infections, 314 

due to B. favalis alkaligones, etc., 314 

Kntcrobius vennicularis, 912 

eggs of, 942, 1029, and I’l. xx.Vlll, 

facing p. 1025 

treatment of, 913 

Entero-colitis, acute, sjimo secondary to, 578 

Enteromorias hominis, 8t; 1 

Entomology, medical, 970 

lintriatoma, 108 

Enzootic hepatitis, 377 

Eosinophiles, 1025 

Eosinophilia in ascaris infection, S04 
Eparseno, 210 
Eplicdrine in leprosy, 014 
E.IM,, in ammbic dysentery, 510 
Epidemic dropsy, 832 

dysentery (see Dysentery, bacillary) 

Ejiidertno})hyton concentricum, 094 

indicum, 094 

inguinale, 091, 693 

interdigitale, 091 

Epididymis, ammbic abscess cf, 503 
Epilepsy and cysticercosis, 824 

in candidate for trojnes, 7 

Epileptiform attacks, in malaria, 80 
Epithelioma, 51, 52 
Equatorial belt, climate of, 1 2 
Eratyms, 1015, 1010 

cuspidatuB, 870, 1010 

Eretmopodites chrysogaster, 990 
Ergosterol, irradiated, 433 
Erinaceus tuthiopicus, 978 

europ®us, 353 

Eriocheir, 790 

japonicum, 903 

sinensis, 903 

" Erisepala de la costa,” 784 
Eruptive fever, 202 
Erytlirocytos, 1020 
Esanofele, 110 
Esanofelina, 110 
Espundia, 208 

Esthiorn^ne and climatic bubo, 058, 600 
Etharsanol in sleeping sickness, 157 
Eucalyptus oil in ancylostomiasis, 817 
Euchinine in malaria, 108 


Euphagin in sprue, 589 
Euphractus scxcinctus, 173, 870 

vellerosus, 173 

Euquininein malaria, 108 
J'hiscorpius italicus, 847 
Eusimulium avidum (metallicum), 783 

inooseri, 783 

ocbraccum, 783 

Eusol in bacillarj' dysentery, 520 
Eutamias asiaticus, 214 
Exanthematous glandular fever, 268 
Exercise, in tropics, 21 

Eve complicuitions in bacillary dystmfcrv, 507, 
518 

— in blackwater fever, 94 

in infectious jaundice, 233 

in rclaj)8ing fever, 223 

lesions in onchocerciasis, 786 

loa loji in, 779 

Eyes, olTect of tropical sunlight oti, 18 

examination of, in candidates for troi)ics, 3 

injection of, in le])tospirosis, 232 

F 

Eieccs, examination of, by “ wet iiicthod,” 573 

for comma baidllus, 485 

microscopic, for eggs of intestinal 

parasites, 1029 

for elements other than eggs, 

1032, 1033 

1’agot‘s sign, 23r. 

Eabnmheit and Ctmtigrade scales, relation 
between, 1012 
I'amine dropsy, 832 

fever, 211, 215 

fcdema, 4 50 

Eannia caiiicularis, 855 

scalaris, 855 

Easciola gigantica, 896 

bepatica, 895 

antigen made from, 722 

eggs of, 896 

in fa'ces, 1029 

Easciolopsis buskii, 894 

characters of, 89 1 

eggs of, 895, 1029, and IM. VYXIII, 

facing p. 1030 

infection, treatment of, 895 

life-liistory of, 895 

Eats in Luces, 1033 

in nutrition, 26 

vegetable, 32 

Eatty acids, 26 

in fax-es, 1033 

l'’ebri8 recurrens, 211 

undulans, 309 

Ecct, ringu'onn of, 691 

I'elix’s antiserum treatment of enteric, 342 

Eever, low, 1 5 

simple continued, 237 

Ee vers caused by bacteria, 276 

by Bartonella and Kiekettsia bodies, 

243 

by blood spirocliadea and spirilla, 211 

due to atmospheric caustis, 414 

I’iebre ainarilla, 353 
Eield-vole, 237, 271 
Eievre boutonneuse, 262 

exanthematique, 262 

jaiine, 353 

nautique, 252, 261 

l-'ilaria (Wiicliereria) bancrofii, 743, 745, 948 

and intramuscular abscesses, 705 

characters of, 745, 948 

chitinization of, in mo8(|uito, 752 

cretilication of, in man, 715, 757, 760 

discovery of, 743 
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I'ilurifi (WUchcroria) bancrofli, embryo of, !H9 

femaJo, 7 1 5, 918 

Seof^raphical diHiribut ion of, 7 ( f, 918 

• host of, (lehnitive, 7r»l 

— — iiitennediary, 751, 955 

life-history of, 951 

male, 948 

TnierolUariir of (<w Microlilaria 

banrrofti) 

parent forms of, 715 

— patholo/^'ical importance of, 7 i;i 

|)yomyoHitis and, 7()<; 

transference of, to human host, 752 

transmission of, 993 

“ blindin'.',” 782 

rnaJayi, 951 

nocturna, 743 

ozzardi, 950 

sanmiinis hominis, 7 13 

— — volvulus, 782 

■ — (,«cr f/Afo Mic.rolllariu) 

I’dlarite, metamorphosis of, in mos<iui(o, 751 
filarial diseases due to !•'. (W.) bancrofti, 

700 

— abscess, 70 1 

chylous dropsy and 

diarrlaea, 708 

— chyluria, 705 

clepliantiasis (.ur Ele- 

lihantiasis) 

— enumeration of, 700 

_ — . — L'landular enlargement , 70 1 

— lymjih scrotum, 70 I 

lymphantritis and ele- 

pliantoiii fever, 7ril 

lymithatic varices, 701 

lympliuria, 707 

— orchitis, endemic, funi- 

(Militis, and iiydrocele,7<>8 
synovitis, 70)9 

■ thickened I y m p h a t i c 

tniiiks, 704 

varicose groin-elands, 702 

— - — embryos, films for demonstration of, 1022 

lymphuria, 707 

non-periodicity, 750 

jicriodicity, 740 

I'ilariasis, 743, 777 

and intramuscular abcesses, 705 

due to F. (\V.) bancrofti, 744 

conipleiuent deviation test in, 

755 

eiiidemiology and ende- 

miolog>' of, 753 

geographical distribution and 

prtn alenoe of, 744 

lymiihatic varix, pathology of, 

750 

— pathology of, 753, 757 

prophylaxis of, 777 

treatment of, 777 

filjff, filarial diseases due 

to F. (W.) bancrofti) 

due to Loa loa. 111 

aitiology of, 778 

complement-deviation test in, 

755 

geographical <listribution of, 777 

history of, 777 

pathology of, 779 

skin eruptions in, 781 

symptoms of, 780 

history of, 743 

— ' — originating in Injury of lymphatic sj'stems, 
754 

parasiU‘8 of, nomenclature of, 743 

pathological importance of, 743 

serological and intrademial tests in, 765 


I-’ilix-mas in costodiasis, 821 
films, blood- (see Blood-films) 

for demonstration of firoto/.oa in fasces, 1035 

filtration of viruses, 319 
finlaya togoi, and J- ilaria bancrofti, 953 
fishes, poisonous, 845 
f ish-\>oisonlTig, 841) 

” flagellar” and ” aflagellar,” 870n. 
flagellate dysentery, AhS 
“ flagellated body” in malaria, HO, 884, 885 

- — — methoil of staining, 1024 

J’lagellatcs, blood, 877 

intestinal, 8t) 4 

types of, 878 

I'lageliuni of malaria parasite, GO 
flea, ami plague, 282, 284, 297 

and typhus-like diseases, 252 

rat- (see Bat-flea) 

- typhus, 2G0 
fleas, characters of, 1017 
- — prophylaxis against, 1019 
I'lesh-eating Hies, lOOG 
flexner’s bacillus, 49C), 500 
flies, blood-sucking, 1001 

llesh-eating, lOOG 

— — non-blood sucking, 10(»5 

treatment of wounds by larv;c of, 852 

(see idso Alusca domesiica : Mus<dd!P: 

IMuscoid Hies) 

floatation niethod of conccntratiiiL' belminth 
eggs, 813, 1031 

flood fever (see .lapanese river fever) 

” floor nuiggot,” 854 
flukes, 894 
fly bells, 1001 

larvie in treatment of wounds, 852 

- — — • traps for tsetse Hies, ItPJ 
food, constituents of, 25 

carbohydrates, 25 

fats, 2G 

minerals, 28 

proteins, 2G 

energy value of, 29 

in tropics, 21, 25 

native, 30 

in Africa, 30 

in India and Ceylon, 31 

in Mahvva East Indies, and S. China, 

30 

in Soutii America, 31 

— in W'est Indies, 31 

food-i»oisoning, ditlerentiation of cholei'a from, 
487, 488 

foods, poisonous, 828 
foot, mossy, G45 

yaws, G28 

forest Hies, 1004 
yaws, 208 

Fouadin in bilharziasis, 725, 741 

in kala-azar, 196 

in leishmaniasis amerieana, 210 

” fournean 270 ” in sleeping sickness, 155 

“ 309 ” in sleeping sitknoss, 153 

" 710 ” in malaria, 115 

Fowls, and beriberi, 437 
framboesia (see Yaws) 

Frambeesoma, G22 
Freckles, 18 

Frei- Hoffman reaction, GG2 
French physic hut, 830 
Fruit treatment of spnie, 587 
Fiiliebornius medinensis, 9G5 
Fiilleborn’s method of det/ccting bilharzia eggs 
in fiBces, 1031 
“ Funnel web ” spider, 818 
Fungous akin diseases, G85 
l•''unieuliU8, endemic, 7G1, 768 
Furunculous, 683 
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G 

•• Oaillliop,'’ 1001 
Oa’lclia loiigipes, 3013 
(ralactose, 2.") 

Gall-bladder, diseases of, in tropics, 43 

in blackwater fever, 71 

in infectious jaundice, 232 

(rainbi(3nse slccpiniL,' sickness {see ,Sleepin^ 
sickness, painbieiise) 

Garnbusia albnis, 900 

(ranictocyle, 807, 887 

Gametocytes of malarial parasites, 00, 887 

Garnet oeony, 880, 882, 883, 887 

Gan^-a, 832^ 

Gangosa, 029 

Garrow’s aj^glutinoine ter, 1030 
Gastric form of malarial fever, 81 

ulcer in candidate for tropics, 4 

in tro}»ics, 42 

Gastrodiscoides Ijominis, 917 

eggs of, 917 

Gastrophilus hiemorrlioidalis, 8.13 

veteriiius, 8.13 

Gee-Uerter syndroTiie, .180 
Gee’s cadiac diarrh(i%a, 180 
Gelblieber, 3.13 

General y)aralysis of insane, malaria injections 
for, 03 

Generative function, elTcct of troi'ical climate 
on, 17 

Genito-ano- rectal syndrome in climatic bubo, 

000, 001 

Genito-urinary diseases in troju'es, 4.1 

system, examination of, in candidate for 

tropics, 5 

Geograpliical pathology, 42 
Geophagy, 811 
Geosciurus car)ensis, 283 
Gerbilles, 283, 284 

and plague, 283 

destruction of, 290, 300 

Germanin (icc “ Itayer 205 '*) 

Giardia intestinalis, .107 

l.amblia, 800 

n)uris, .107 

“ Giardiasis,” .107 

and sprue, 581 

Giemsa’s spray, 134 

stain, 1023 

" Gila monsters,” 84.1 
Glandular enlargemimt, filarial, 70 1 
Glauramine, in sjinte, .189 
” Globi ” of leprosy, 003 
Glossina, 1002 

austeni, table facing p, 1(HJ2 

distribution of, 1003 

brevipaJpis, 1004, and table facing p. 1002 

distribution of, 1004 

group, ebaracters of, table facing 

p. 1002 

caliginea, table facing p. 1002 

— - distribution of, 1004 

characters of, 1002 

fusca, 920, and table facing p. 1002 

fusca, distribution of, 1004 

grouf), characters of, table facing 

p. 1002 

fuscipleuris, table facing p. 1002 

haningtoni, table facing j). 1002 

lougipalpis, table facing p. 1002 

distribution of, 1004 

■ longipennis, table facing ]>. 1002 

distribution of, 1004 

martiuii, table facing p. 1002 

medicorurn, table facing j>. 1002 

morsitans, 101, 102, 103, 874, and table 

facing p. 1002 


Glossina morsitans, distribution of, 1004 
group, characters of, tabic facing 

p. 1002 

habits of, 1005 

newsleadi, table facing p. 1002 

distribution of, 1004 

■ uigrofusca,, table facing ju 1002 

pallicera, table facing 1002 

disiribution of, 1004 

Iiallidipes, 1(;2, 1005, and table f.icing 

p. 1002 

distribution of, 1004 

pal]».alis, 138, MO, 159, Jt.l, 1«;2, IP.I, 873, 

874, and table facing p. 1002 

distribution of, 1004 

— group, chariu'ters of, table facing 

]). 1002 

distribution of, 1004 

habits of, 1005 

schwetzi, tabh; facing ]». 1002 

severini, table facing p, 1002 

■ swynnertoni, lC.2, 164, 874, and table 

facing p. 1002 

— . — distrit)u( ion of, 10(G 

tabaniformis, table facing {>. 1002 

lachiuoiiles, 140, 1001, and table facing 

p. 1002 

■ distribution of, 1004 

Glossina', 1002 

Austen’s classilicat ion of, table facing 

p. 1002 

— — de\eloj»mrnt of t ryp.anosomcs in, 872, 
873, 874 

distribution of, geographical, JOO.’; 

to]*ogr:»phical, 1004 

habits of, 1005 

Newstead’s classilicat ion of, l(tU3/o 

regions infested by, 159 

reproduction of, 1004 

resting altitude of, 1002 

rule of, in trypanosomiasis, 1 lo 

transmission of drug-resistance througli, bW) 

traps to catch, 162 

( rlucose, 2.1 
Glugea lyssa‘, 386 
Glutoscofic, 326 
triycogen, 25, 26 
Glycophagus, 701 

Glyptocranium gasteracanthoides, 818 
<7oats and undulant fever, 31 1, 321 
< loitre in tropics, 50 
(ionorrhma in tropic.s, 15 
troundou, 629 

and yaws, relation between, 6.31 

Gout in candidate for tropics, 8 
in tropics, 46 

Grabhamia dorsalis, egg of, 982 (tig.) 

( rraharnclla, 24.1 
“ Grain itch,” 704 
Granules, starch, in hcces, 1033 
( rranulomu, animbic, 536 

l)arasitic, 203 

venereum, 666 

Griesingcr’s disease, 228 
Grisonclla ratellina, 173 
” Grocer’s itch,” 701 
” Gros iiez,” 629 
Ground itch, 820 

Groundnut, nutritional value of, 32 
Ground-squirrel, 264 

and fdague, 283 

and tulancmia, 303, 304 

Growth, efl'ect of tropical climate on, 17 
Guaiacum test for blood in urine, 1028 
Guinea-w'onn infection, 788 

tptiology of, 788 

diagnosis of, 792 

geographical distribution of, 788 
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1 i iiincji-worrn iuf(;cti<»n, ttiodr of, 7H‘.I 

pamsil« of (srf i inirnncuiu^i modi 

nensis) 

putholoj^y and rivnipfoma of, 7s;» 

— proidiylaxis of, 7f*'» 

aecjueliB of, 79:’. 

treatment of, 79:; 


H 

tlabronerna inuscie, KXMi 
Ihomadipsa cinnabarina, ‘JC.r.//. 

Hr>r> 

1 laMiiajfhysaliH oiiinabarina, ‘jnii/#. 

leaohi, 975 

leporis, 2(;0 

- — loporis-paluRtris, 30:5 
Hatiiatobia, 1(H):; 

- auctt., 1003 

atimulana, 1005 

Ibematopbagy, 71 

Hiomatopiuus, 214 

JJieinatopoLa, 1001, 1(X)2 

Ha^imtoxylin and eosin stain, 1021 

test, Tribondeau's, for reaoti(*ii of di>tillod 

water, 1025 

llaenuturia, endcTnic, 7 1 I 
“ risernoelasic shock,” 75 
llaiinocwlture in diaj/nosis of ontcric t<wr. 

of undulant f(‘\ »m , :v2r. 

Ibeinocvstidiuin, 879 
ll;emodip.sns vontricosns, .‘JO.’; 
iiiemotlagellata, nomenclature of, K7>' 
Hiemofuscin in malaria, 70 
lliemo^dobinannia in blackwater fever, 8S 
— - — in malaria, 70 

Ibemoplobinuria and quinine iniol. ranoe, 

in blackwater fever, 88 

in malaria, 70 

malarial, 85 

of Marchiafava type, 91 

paroxysmal, 85, 90 

Iticmo^dobinuric fever, 85 

nis„ Hlackwaler fever' 

lliemolysis in blackwater fever, 8S 

In malaria, 82 

llwemopoietic substance . :;7 
Ihernoptysis, endemic, 79(> 

1 hemorrluittes, purpuric, into skin in subtertian 
malaria, 82 

1 hemorrhagic forms of subtertian malaria, 82 
I hemorrhoids in candidate for trojiios, 5 
1 hemosiderin in malaria, 70 
iluiinoKoin, 59, 70 

llaHkine’s anti-cholera inoculations, 480, I9:i 

anti-jdague inoculations, 297 

llalarsol, 542, (139 
llalteridium, 879 
” ilalzoun,” 895 
Uapale, 378 
Harvest-bugs, 971 
ilascheescb, 832 
Hay (lame-gun, 131 

Heart disease in candidate for tropics, 4 

diseases in tropics, 44 

involvement of, in beriberi, 445, 149 

in malaria, 71, 98 

” Heat apoplexy,” malaria and, 79 

regulation of, 14 

in man, 414 

Heat-< vhaustion, 416, 417 

ajtiology of, 416 

— — symptoms of, 4 16 

treatment of, 418 

Heat-hyperpyrexia, 417, 418 
auto-intoxiention in, 416, 418 

67 * 


Fleat-hyperyiyrexia, choleraic tyi)e of, 420 * 

diagnosis of, 421 

gastric type of, 420 

geographical distribjition of, 448 

pathology of, 119 

prophylaxis of, 422 

symptoms of, 41 9 

treatment of, 421 

true, 420 

Heat-stroke, 414, 417, 418 
hut, 422 

temperature and, 414, 415 

Helcosoma tropicurn, 197 
Heliobrom, 787, 854 
Heliotherapy in si)rue, 592 
Hellenopoly[>us, 846 
Helminal. 824 
Helminthic dysentery, 566 
Helminthology, medical, 894 
" ilelminthoma elastica,” 764 
Helm-ntlis, eggs of, examination of fi^•l•c^ for. 
1029 

preservation of, 1041 

j, reservation of, 104 1 

(xfe tUso Hggs) 

IJeloderma horridum, 84 1 

Husi'cctum, 844 

ilemibia, 914 

Henry's sero-tlocculalion tesT fot mal;iii;i. lol 
Hepatic abscess {see Liver abssces^) 

jiTtnebiasis, 522, 645 

cirrhosis and splenomegaly, 731, 

— in tropics, 43 

— — phlel>otomy, oh'J, 558 
Hepaticola heputica, 945 
Hepatitis, amcebic, acute, 532, 549 

treatment of, 543, 558 

enzootic, 377 

Hernia, in candidate for tropics, 5 

simulated by varicose groin glands, 7>;_’ 

Herpes simplex, vims of, 350 
Her/.etic emptions in malarial c.u'bexia, 7:; 
Uerpetomonas, 178, 199, 878, 879 
Hess’s method of diagnosing scurvy, 4 74 
Heterodera radicicola, eggs of, in Leces, Joiiu, 
and PI. XXXIII, facing p. 1025 
Heterophyes heterophyes, 899 

eggs of, 900, 1029, an.l I’h XXXllI, 

facing p. 1025 

iife-histoiy of, 900 

" Heudebert Kuaks,” 583 
Hexamine, 236 
Hexuronic acid, 430, 432 
Hexylresorcinol, 806, 817 
High protein dietary in spme, 585 

milk treatment in sprue, 583 

Hill diarrhoea, 594 

a'tiology and pathology of, 5;V1 

distribution of, 594 

symptoms of, 594 

treatment of, 595 

Hinton, M. A. C., and plague rats, 299 
Hippolwscida*, 1004 
Hippomane raancinellu, 831 
Histoplasma capsulatum, <;4 7, 891 
Histoplasmosis, 891 
Hongkong foot, 691 
Hookworm {see Ancylostomal 

disease {see AncylostomiHsis) 

Horse-leech, 856 
House-dy, 865, 1005 

as carriers of dysentery, 197, 498 

Hung’s method for detecting helminth eggs in 
fifioes, 1031 
Hydatid, 924 
cysts, 924 

alveolar, 924, 925, 926 

multilocular, 925, 926 
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lljdatid cjsis, unilocular, 925 

(see also Echinococvus granulosus) 

“ thrill,” 927 

HydnocarpuB aiithelmintica, 013 

wightiana, 613, 614 

Hydrocele, lilarial, 768 
Hydroi)hin;r, 838 
Hydrophobia, 388 

■ (see also J hi Lies) 

llymenoJepis diniinuta, 928, 1017 

fraterna, 928 

longior, 927 

iimriim, 927 

naiui, 821, 927 

characters of, 927 

eggs of, 928, 1031, and PL XXXIII. 

facing p. 1025 

treatment, 928 

Hyoscyainus fahezlcz, 828 
Hyosciue, 293 

Hyperjiiesia in candidate for tropics, 4 
in tropics, 45 

Hyperfijrexia, heat- (see lieal-hyperpvivxia) 

in cholera, 484 

in malaria, 79 

treatment of, 123 

Hypodenna, 853, 1002 
Hypsobia, 914 


I 

Icterus gravis (see Infectious jaundit'e) 
Idiopathic anamias, 34 
Idus inelanotis, 899 

Imperial and metric standards, relation between, 
1042, 1043 
Indian hemp, 832 

Fdague (’ommission, 284, 286 

tick typhus, 262 

Indiellu mansoni, 641 

reynieri, 641 

somaliensis, 642 

Infant feeding, in tropics, 22 
Infantile biliary cirrhosis, 596 

paralysis, in tropics, 49 

Infectious jaundice, 228 

tctiology of, 230 

diagnosis of, 234 

epidemiology and endemiologv of, 

229 

geographical distribution of, 228 

history of, 228 

incubation period of, 232 

occupational disease, 229, 230 

pathology of, 232 

prophylaxis of, 236 

symptoms of, 232 

treatment of, 236 

Infective granulomatous diseases, 598 
Inguinal poradenitis, 658 
]imenkbn»er, 949, 960 

Inoculation, prophylactic, in alastrim, 412, 413 

in bacillary dysentery, 522 

in cholera, 493 

in enteric fevers, 343 

in infectious jaundice, 236 

in pligue, 297 

in rabies. 390, 392 

in relapsing fever, 227 

in typhus fever, 259 

in indulant fever, 322, 329 

in virus diseases, 351 

in yellow fever, 354, 375 

Insolation, 14, 418 
Insulin in sprue, 591 

Intermittent malarial fever, definition of, 74 


Intestinal aiiunbm, 857 

dillerential characters of, 862 

atroj'hy cotiseipienl on sf)nie, 579 

cocciciia, 867 

- — flagellates, 864 
myiasis, 854 

parasites (see Parasites, intestinal) 

sand in heces, 103 f 

Inrracuti-reaction of Frei, 662 
inti;i<Jcrmal test in bjJiiarziasir, 722 

— in climatic bubo, 6(i2 

_ . — ill lilariasis, 755, 756 
- in hydatid cyst, 926 

— -—in onchocerciasis, 787 

liuais c.ynotnolgus, 879 

Inversion phenomenon in agglutination, 13 
lodaimeba biitsciilii, 524 

cysts of, 863 

“ iodine ” cysts, 863 

in nutrition, 28 

injection of, in mycetoma, 64 1 

-ox 3 ’quinoline-sulphonic-aci(i oombiii;, 

in airmOiic dysentery, 510 
lodochloroxytiuinoline, 510//. 
lo/liicin, 613 

Ionization, treatment of oriental sore 1/y, 2 
Ipecacuanha in anui hie dysentery, 537 

(see fflso Emetine) 

Ipoh, 766 

Iron in nutrition. 28 
Irradiated ergosterol, 433 
Isiii, 830 

Isodora ovoidea, 90H 
Isogel irj sprue, 590 
Isospora belli, 868 
hominis, 534, 8(18 

Ispaghula in chronic l/acilhuy dysei.tery, f 
Itch, prevention and treatment of, 970 
Itch-mite, 970 
Ixodes bolocyhis, 266u. 

f)ilosu8, 266//. 

— — ricinus, 266?/. 

Txodidai, 973 

J 

Janthinosoma lutzi, 1012 

— - egg of, 982 (tig.) 

.Japanese river fever, 252, 268 

{etiology of, 270 

— — diagnosis of, 273 

— distril)ution of, 269 

liistory of, 269 

incubation period of, 272 

intermediary host of virus of, 

mortality of, 268, 273 

pathology of, 271 

[trophylaxis of, 273 

— syinjdoms of, 272 

— “ — — - treatment of, 273 

— virus of, 251 

Jatrofu cur/'as, 830 

glaiululifera, 830 

multilida, 830 

•Jaurulice, infectious (see Infectious jaundice) 

.Java febrifuge in malaria, 109 

.lengliol i)oisoning, 830 

.Jerboas and plague, 278 

‘Minja” fly, 78.H, 1000 

•Jongck test in beriberi, 452 

•Juxta-articular nodules, 633 

K 

” Kabure,” 740 
“ Kachang hijau,” 427 
Kaflir rnilkpox, 412 
Kalindo, 712 
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Kjvkke, 436 
Xala-azar, 174 

*- {etiolof?y of, 178 
canine, 177, 178, 179 
diagnosis of, 187 

— by aldehyde test, 191 

— by biochemical reac-tions, 191 

— by blood examination, 190 

— by splenic puncture, 188 

- dilTerenlial, 192 

. „ from (jrarabiense sleeping sick- 

ness, ir>i 

- dysentery, 609 

- ejddemioloj^y of, 17« 
geoKraphical dislribution of, 174 

- history of, 171 

- incubation period of, 183 

- infantile, 177, 18h 

mode of transmission, 179 

- - parasite of, 1 77, 877 

- pathology of, 181' 

pigmientation in, 180 

predisposing causes of, 181 
prognosis of, 1 90 

- projihylaxis of, 197 

relation of, to oriental sor<\ 19 7, 198 

- resistant (*ases of, 1 90 

- return to tropics after, 9 
symptoms of, 183 

treatment of, 191 

antimoniul, 192 

_ — toxic (;/Tects ot. 19.7 

with pcntavalent (jmii|)ounds. 

19.3 

u trivalenf t ompounds, 19.7 

Kamillosun, r>08 
Kangri-hurn cancer, .71 
Kanyemba, 713 
Kat)lin in cholera, 187 

in dysentery, 7* It; 

— in spnie, 790 
Kaposki's disease, 18 
" Karakurt " spider, 818 
ivaramchandani, 207 
Karyosoine, 8t;7 
Xatayama, 914 

disease, 739 

“ Katipo,' ' 8 18 
Kawa, 832 

Kedaui mite, 270, 971 

disease, 208 

Keloid, 074 

“ Keraiulcl’s syrnjitom,” 144 
“ Keiatoid exanthem,” 023 
Ketogenic diid in H. coli infections, 346 
Khasari, 828 

Kidney diwases, in tropics, 47 

in blackwalcr fever, 71, 89, 92 

— — in infectious jaundice, 232 

in tnaluriu, tIS, 98 

Kinetoplast, 87 1 
King-lish. 847 
” Kissing hug,” 1016 
K lobs- Loftier bacillus, ami veld sore, 080 
Kohl tree. 832 

Kondoleou's ojieratiou for elepliantiasis, 772 
Koro, (;57 

Korsakoff’s psychosis, 441, 471 
Ko-Siiin, .513 
Krait, 811, 81.3 
” Kroppie ” spider, 848 
“ Kukuruku disease,” 369 

Kurchi and derivatives in anuehic dystmtery, 542 

L 

Laboratory methods in tropical medicine, 1021 
Lac<|uin in malaria, 100 


I,.acto- reaction In undulant fever, 320, 321 
Ijarnblia intestiiiHlis, 567, 806 
Lambliasis (see ( Jiardiasist 
l^ambo lambo, 705 
Lamus (see 'I'riatoma) 

Lane’s centrifuge, 1032 

Lanz’s operation for elephantiasis, 7*2 

Larva rnigmns, 852 

lairvae, blood -sucking 874 

— - treatment of wounds by, 872 

Larvicides for anophelines, 128, 130 

Latah, 656 

Lathyrism, 420, 449, 453, 409, 828 
Lathynm sativus, 828 
liHtrodectus curacaviensis, 848 
gt'ometricus, 848 

- hasselti, 818 

- mactans, 818 

t.redecimguttatus, 848 

Laveran, and discovery of malaria parasite. 73 
Laverania malaria; {Sff' I’lasmodium falciparun 
Lavoris mouth-wash, in sjirue, 789 
Leech infection, 877 
I.efroy’s spray, 134 
Leishman- Donovan iiodies, 877 
— — (see also 7jei.shinania donovani) 
l.cishmania, 171, 877 

- ainericana. 877 

- hraziliensis, 209, 877 

■ caninum, 177, 877 

- donovani, 1 74, 177, 199, 877 

tlagellate stage of, on culture, 877, 87H 

- ill man, 877 

infantum, 1 77, 87 7 

— - life-history of, 877 

inyoxi, 198 

— — tropica, 199, 200, 877 
].>eishmania6is, 171 

- -- ameri(;ana, 208 

diagnosis of, 210 

— _ distribution of, 208 

history of, 208 

- symptoms and etiology of, 209 

treatment of, 210 

cutaneous, 197 

ami mossy foot, 646 

naso-pharyngeal, 208 

post-kala-azar, 180 

- - (.tec oixe Kala-azar : Oriental sore) 
Ijeisiimanoid, dermal, 180, 205 
Leiahman’s stain, 1023 
Ijeontiasis ossea, and groundou, 631 
Leontocebus geotlroyi, 215 
*’ Leper juice,” 600 
Leprides, 609 
Ijeproma, 602, (505 
Lepronin reaction, intraderrnal, 612 
Leprosy, 598 

ictiologx' of, 599 

age ami, 599 

amostiiesia in, 609 

bacillus (see Ihicillus leprae) 

- — — climate and, 599 

contagiousness of, 599, 600 

diagnosis of, 609 

e.pidemiologt and endemiology of, 599 

eruption in, 605, 607, 609 

galloping, 612 

geographical distribution of, 598 

heredity and, 599 

history of, 698 

in rats, 602 

incubation period of, 604 

leproma in, 602, 605 

nerve, 607 

nodular, 605 

prognosis of, 612 

occupation and, 599 
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Leprosy, pathology of, 60*2 

prognosis of, 612 

prophylaxis of, 616 

rats and, 602 

recent introduction of, into virgin soil, r>i)H 

segregation in, 616 

aex and, 599 

social and hygienic conditions and, 5iin 

stages of, 603 

incubation period, 601 

primary exantheni, 601 

infection, 603 

prodroniata, 604 

specilic deposit, 605 

symptoms of, 603 

transmission of, '99 

treatment of, 612 

l)y antimony, 614 

by carbon-dioxide snow, 61 1 

by chaulmoogra oil, (U2 

by ephedrine, 614 

by intradermal inliltration, 611 

by j)rot«in-shock therapy, 615 

b}’^ trypan blue, fluorescein and ntiiei 

dyes, 571 

hygienic, 612 

intrauasal, 615 

surgical, 615 

uninooulability of, 599 

white, diagnosis of leprosy from, 61 1 

Leptocimex boueti, 1011 
Leptoconops, 1001 
1-cptomonas, 199, 877, 878 

ctcnocephali, 877 

Leptospira biflexa, 229 

canicola, 230, 231, 235 

genus, 893 

grippo-typhosa, 230 

hebdomadis, 230, 235, 237, 238, 893 

— and seven-day fever, 237 

icterolrjBiuorrhagisft, 228, 229, 230, 231, 

235, 236, 237, 893 

— and infectious jaundice, 228, 229 

anti-serum 8i)ecitic for, 23r. 

ailture of, 230 

races of, 230 

icteroides, 230, 235 

pyrogenes, 238 

I^eptospine, and febrile conditions in Sumatra, 
238 

Leptospirosis, 228 

(see also Infectious jaurulice : Seven-day 

fever) 

Leptotrombicula, 971 
Leptus autunmalis, 270, 971 
l.Hpus, 301 
bairdi, 304 

I. cucocytes in childhood, 1026 
in malaria, 69 

varieties of, 1025 

Leucocytosis, 1025 

J. eucoderma, 673 

diagnosis of leprosy from, 610 

I.eucogobio giiniheri, 897 
Leucoj^enia, 1025 
I ,evant wonnseed, 805 
Idee, 1013 

and relapsing fever, 211, 215, 216, 217 

and typhus fever, 250, 251, 252, 260 

prophylaxis against, 226, 259 

I dehen frambmsianus, €26 

in onchocerciasis, 785 

tropicus, 685 

Limiuea laurenti, 908 (fig.) 

pervia, 896 

trancatula, 896 

Idmnatis nilotica, 856 
Limnoiragus spekei, 142, 871 


Lingua nigra, 617 
idnguatula serrata, 978 
iiinguatulida>, 977 

Lipiodol injections in paragonimiasis, 799 
Lipoids, 26 

Lithobius forlicatus, 867 
Idver abscess, 515 
adhesions in, 51<» 

— jciiology of, 545 

area of dullness in, 551 

aspiration in, diagnostic, 558 

pndiniinary, 559 

elir nat e a ml, 545 

■ — iliiignosis oft 555 

from malaria, 103, 556> 

disciiarging into serous ca\ iry, iic.ii- 

inent of, 562 

— through lung, tmatment of, 5<;I 

— drainage of, by aspiratioji, 559 

encystment in, 547 

entamoebse in, 547 

— fever in, 549, 553 
. . _ genesis of, 549 

geographical distribution, of, 5 1 5 

intestinal ulceration in, 51 1 ; 

— mortality of, 555 

pathology of, 546 

. physical signs of, 552 (fig. ) 

— - — prognosis of, 558 

■ “ - j)ulmouary inflammation in, 517 

pus ill, characters of, 517 

— — — pyogenic organisms in, 517 

. — Tuce, sex and climate m, 515 

— relatiorj of, to amoebic dysentery, 5 15 

— nipture of, 553, 554 

shoulder pain in, 519 

— — st'injd.oms of, 549 

— t reatment of, 558 

hy aspiration, 559 

— —by oi»en o|»eration, (raiisjten 

toneal loutc, 559 

transpleural rout', 

560 

. merits of various methods of, 5(;( I 

— postoperative, 560 

— - when di8<-hurging thiougii lung. 

561 

when rupturing into ser-on- 

cavit 3 % 5t;2 

bilatcrality of, 517 

— — cirrhosis of, and sjilenomegaly, 731, 731 
in tropics, 13 

enlargement of, in infantile biliary cirrhosi>. 

597 

iu kala-azar, 183, 181 

— ill leptospirosis, 232 

in malaria, 67, 71 

extracts in spnie, 581 

tluke, 895 

in hepatic abscess, 5! 5, 519 

in malaria, 67, 71, 97 

in Oroya fever, 21t; 

— — in Lift Valley fever, 378 
in yellow fever, 360, 362 

— -- parasites of, 796 

pus, characters of, 547, 551 

rot,*’ 895 

souj) in treatment of sprue, .58 1 

special affections of, 596 

lazards, venomous, 841 
Loa loa, 778, 957 

and fllariasis, 777 

Oalabar swelliugs and, 780 

characters of, 957 

distribution of, 778 

embryo of, 959 

intermediary host of, 1002 

larva of, 779 
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L(»a loa, life-history of, 778, 'JCO 

yiai)ioiiis, ‘.>7)7 

],orkt*’s soliit ion, lliO, lOlO 
J.ow fever, la 
Loxotremii ovatuni. IKK) 

LucLlia ea'sar, 

■ seric.ata, 8’VJ 

Lune:, aniu-l)ie abseoss of, rtal, oC.-'l 

__ (lisrliarj'inL: tlirotn,'li, Or.l 

[*ar:isites of, 71M) 

butreolina (Tassicaiiflaia., 173 
lA'cosa tarerifula, HIH 
** I yiiif^'-Uovvn dyseutery,” 7)13 
byinpli serof uin, 77)7, 70 1 
1 .yii:l)han!.:itis ami elephantoid fever, 7G1 
I.yini»hatic tnmks, t hickened, 70 J 

varices, cutaneous and tleeiicr, 701 

. — paflioloRV of, 7.'>0 

I ,y ni})hol)last , I dJa 
l,yiniihocytes, si^,'ni(icance of, lOlia 
bymjdio'^rajmloina inpuinale, 07)8 
1 .yinpliuria, 707 
byperosia auett., 1003 

irrilans, 1005 

byperusiops, 1003 
byssa, 381, 387 


M 

b 0K3, in t'erebiu-stiinal meningitis, l‘J 

- - in leprosy, t; 1 1 

■ in mycetoma, 0 17^ 

in jilapue, ‘JK 1 

— — in tropical piuaimonia, 18 

_ jiyomyosit IS, 7o7 

ill uh-eratinp pranula of piulenda, 0t7’_’ 

- - in undulant fever, ;i] k 

Maraca, S7it 

- — and bift Valley fe\(r, 378, 37'.t 

and sloepinp-sickness inoculations, 17)3 

and yellow-fever inm ulations, 353, 350, 35'J 

cynomolpus, '.)3S 

inuus, 35t* 

irus, 37)y, 87t» 

mulatta, 353. 359. 3'98 

rhe.sus, 210, 2 15, 859 

siniiaia, 35‘», 789/i., 859, 938 

speciosus, 35',t 

“ Macaw-worm,” 851 
“ Machoira,” 815 

Itfacrocytic anaania, nutritional, 37 

dilbTCnlial diapnosis of, 38 

trcaiimait nt, 38 

of prepuaiicy, 30 

tropical, 30 

Macroputnotes, 80.7 
Ma( . a_;a.niclocy les, 88 1 
Maciophapc, larp(' hyaline, 1020 
'■ i\hid itch ” of Aujesky, 39l 
Madra buba, 022 
Madura foot, 01(» 

Madurella niyiaMomi, Oil 
Main en-pritTe, 008 
Mai/a*, and pellapra, 101 
Mai de caderas, .HSlrn, 387 

de la rosa, 158 

del pinto, 095 

rosso, 458 

Malaria, 53 

acijuircd imn.unity and, 98 

mstivo autumnal, 50, 03 

adiolopy of, 59 

— ~ (.see also Malaria parasites; Malaria, 

niosipiito ami ; Malaria infection) 

alinieiitary canal in, 08 

and auopiielines, 988 

and beriberi, 452, 463 


Malaria ami blackwater fever, 71 

differential diapnosis of, 104 

and dysentery, 510 

and general paralysis, C3 

and paratyphoi<l-(J fever, 338 

and (luinine, 105 

and sjinie. 593 

artificial infection of anophelines with, 65 

artificially jiroduced in general {laralysis, 63 

bilious remittent, 70, 78 

— — diagnosis of, from yellow fever, 

103 

treatment of, 123 

blood in, 68 

brain in, 67 

— — “ brassy bodies ” in, 883 

cardiac degeneration in, 98 

c(Tcbra1, 79, 107 

treatment of, 122 

complement-deviation test in, 100 

conpenital, 61 

— — convulsive sei/ures of, 73 

” crescent bodies” in. 60, 881 

diagnosis of, 100 

— _ t)y blood eTamination, 100 

by clinical signs, 101 

- - by Henry’s sero-Ilocculation test, 101 

— by patient's bistorjy 101 

jjy splenic puncture, 102 

by therapeutic action of quinine, 100 

— from heat-hyiierpyrexia, 121 

■ — — from kala-azar, 185 

from liver ubsc'ess, 103, 557 

-- — from yellow fever, 103, 369 

— — microscopic.al. bearing of quinine an 1 

atebrin on, 10t» 

provocative methods of, 103 

epidemiology and endemiology of, 56 

— — eye sympiorn.s in, 101 

— — fever, ” adynamic ” remittent, 79 
— _ atyjiical, 74 

benip’ii tertian (see Malaria fever, 

tertian) 

bilious remittent, 78 

treatment of, 123 

clinical forms of, 62 

phenomena of, 72 

cold stage of, 72 

coma in, 80 

continued, 74 

■ — delirium in, sudden, 80 

differential diagnosis of, 103 

■ ■ duration of lit of, 73 

• — endiolism of cerebral capillaries in, 81 

epileptiform attacks in, 80 

— hot stage of, 7 3 

incubation period of, 72 

— inoculateil, 63 

intermittent, 74 

malignant (see Malaria fever, sub- 

t«rt ian) 

ovale tertian (see Malaria fever. 

tertian) 

periodicity in, 52 

as diagnostii' indication, 101 

premonitory stage of, 72 

quartan, 7 i 

course of, 7 5 

geographical distribution of, 55 

parasite of, 62, 881 

treatment of, 121 

rjuotidian, 7 1, 78 

relation of, to developmental stage 

of parasite, 74 

remittent types of, 74, 78 

subtertian, abdominal forms of, 

diagnosis of, 104 

anamiia in, acute haemolytic, 83 
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Malaria fever, subtertian, and blackwater fever, 
87 

cachectic, diagnosis of, 104 

cerebral forms of, diagnosis of, 

104 

characters of, 7G 

clinical fonns of, 78 

compiications of, 81 

dilTerential diagnosis of, 101 

“ double crisis” in, 78 

febrile cases, diagnosis of, 104 

geographical distribution of, 55 

granuloma of brain in, 81 

heart in, 71 

hyperi) 3 "rexia in, 79 

icteiic, diagnosis of, 104 

in drug addict, s, 5G 

(edematous forms of, diagnosis 

of, 104 

parasite of, 63, 882 

pernicious attacks of, 79, 81 

psychical disturbances in, per- 
manent, 80 

■ pulmonary fonns of, diagnosis 

of, 104 

— special fonns of, diffc.rential 

diagnosis of, 101 

suj)rarenal glan(Js in, 71 

treatment of, 122 

types of, advnatnic remittent, 

79 

choleraic, 81 

clyseuteric, 82 

haemolytic anjemia 

in, acute, 83 

haBinorrhagic, 82 

(cdemic, 82 

purpuric luemor- 

rliages into skin 
in, 82 

bilious remittent, 78 

cerebral, 79 

ambl 3 mpia in, 80 

cen?brai embolism 

in, 81 

— coma in, 80 

ejiileptifonn attacks 

in, 80 

hyperp 3 ’^rexia in, 79 

peniicious, 79 

rare, 83 , 

typhoid remittent, 79 

■ with cutaneous }>etechiiL‘, diag- 

nosis of, 104 

sweating stage of, 73 

terms employed in, 74 

tertian, 74 

benign, course of, 75 

geographical distribution 

of, 54 

parasite of, 54, 62, 879 

treatment of, 121 

ovale, 55 

course of, 75 

parasite of, 63, 881 

tropical, 65 

typhoid remittent, 78 

typical, 72 

cold stage of, 72 

duration of lit in, 73 

Pot stage of, 7 3 

incubation period of, 72 

premonitory stage of, 72 

relation of, to stages of para- 
site, 74 


Malaria fever, tyi)ical, spleen in, 67, 74 

sweating stage of, 73 

urine and fieccs in, 73 

• flagellated bodies in, 60 

motived of staining, 1024 

geografihicul distribution of, 64 

haiinoglobin value of corpuscles in, 68 

• luenvoglobinnpmia in, 70 

heart in, 71, 98 

history of, 53 

hyperpyrexivi in, 79 

— — treatment of, 123 

— — immunity and, 98 

in pregnancy, 83 

in small children, 84 

infection, circumstances favouring, 58 

— — endemic and epidemic fluctuations 

of, 57 

influence of altitude in, 58 

— of atmospheric temperature 

in, 58 

— of local conditions in, 56, 57, 58 

(jf rnrvteorological conditions 

in, 58 

■ of winds in, 58 

mixed, 74 

time of da 3 " and, 58 

kidney in, 68, 98 

latent, 72, 84 

l(‘Uco(\vtes ill, 69 

— liver in, 67, 71, 97 
lungs in, 68 

■ marrow in, 68 

microRcoiucal examination of blood in, 

100 

miscarriages due to, 99, 107 

morbid anatomy of, 67 

mortiilitv from, 53 

inosfpiito and, 53 

— ■ — natural infliction of anojtliclines with, 889 

parasites, 59, 879 

abnormal appearances of, 884 

artificial infection of inoscjuitoes 

with, 65 

benign, 62 

tertian, 51, 62 

characters of, tabulated, 63 

“ crvisccnt bodies ” of, <J0, 111, 881 

cultivation of, 885 

endogenous cycle of, 59 

• exogenous cycle of (.ser Malaria 

yvarasites, rnoscpiito cycle of) 

extracorporeal cycle of (.frr Malaria 

parasites, mosejuito cycle of) 

“ flagellated bodies ” of, 60, 881, 885, 

1021 

forms of, 62 

general (Jescription of, 59 

intracorporeal cycle of, 59 

in placenta, 99 

invasion of liuman body by, 56 

malignant (see Malaria ivarasites, 

subtertian) 

■ mosquito cycle of, 60, 887 

stages of, 60, 887 

ovale tertian, 63, 881 

persistence of, in human body, 880, 

881, 882, 884 

possible latent phase of, 61 

quartan, 62, 881 

relation of febrile phenomena to 

developmental stages of, 74 

species of anopheliiies known to 

carry, 990 

structure of, in human cycle, 69 

Hubtertian, 63, 882 

.. crescent bodies" of, 884 
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Malaria paraRites, tertian {see Malaria parasites, 
benign tertian) 

transmission of, by blood-lransfii^ion,f»2 

to fcDtus, G1 

parasite-index in, 97 

pathology of, 07 

pernicious attacks of, 79, 83 

phagocytosis in, 09 

pigment in, distribution of, 09 

nature and source of, 09 

■ — — yellow, 70 

polycholia in, 70 

])remature birth due to, 99 

preniunition in, 98 

prognosis of, 10") 

propJiylaxis of, 127 

anti-rnosquito measures, 127, 133 

bonitication, 127 

chemoi)roj)hyla.\i?, atebriii, 130 

direct, 135 

plasmoquine, 130 

drainage, cultivation. Hooding, 128 

fish as iarvicides, 130 

fumigation, 133 

■ kiiUng of adult moscjuitoes, 128 

mo8(juito repellents, 133 

mosquito-netting, 132 

• oii-8f)raying and oil-burning, 128, 130 

• juotection of body from mosquitoes, 

133, 134 

— — quartan, nei)hrosis, 70 

relapse in, infliieiue of meteorological 

conditions on, 58 

return to tropics after, 9 

seasonal incidence of, 50 

sequeliC of, 94 

simulated by tilariarsis, 702 

~ — sjdcen in, 07, 74, 95, Kil 

“ sjdeen-rute " in, 97 

“ splenic index ” in, 95 

suprarenal glands in, 7 1 

symptomatology of, 72 

syncopal form of, 83 

theory of blackwnter fever, 87 

toxin, acquired tolerance of, 98 

• therapeutic, 03 

treatment of, 105 

anti-relapse, 109 

by arsenic, 109 

by atebrin, 1 1 7 

by cinchona febrifuge, 109 

by mapharsen, 124 

by plasmo<iuinn, 114, 110 

by quinine {see Quinine in treatment 

of malaria) 

by salvarsan, et^., 123 

by stovarsol, 124 

by synthetic anti-malaria prepara- 
tions, 114 

general, 105 

prophylactic, 124, 135 

by sulphanilamides, 121 

Malarial amblyopia, 80 

cachexia, 94 

coma, 80 

dysentery, 508 

hemoglobinuria, 85 

{^see also Blackwuler fever) 

injections for general paralysis of insane, 03 

nephritis, 70 

neplirosis, 70 

neuritis, 453 

orchitis, 84 

“ paralysis,” 453 

Malignant growths in tropics, 50 

malarial fever {see Malaria fever, subtert ian) 

'* Malmignatte,” 848 

Malta fever {tee Uudulant fever) 


Mammae, elephantiasis of, 77- 
Manchineal poisoning, 831 

Mandelic acid in treatment of B. coli infection'*, 
310 

Manihot aipi, 830 

utilissima, 830 

Manioc, 830 
Mamdtol quinine, 112 
Mansonia genus, 994 

africana, 302 

fuBcopennata, 379 

microannulata, 379 

titillans, egg of, 982 (lig.) 

versicolor, 379 

Mansonelia dernarquayi, 950 

ozzurd i , 9 50 , 1 0 ( ) I 

life-history of, 957 

^lansouioides sub-g<uius, 95(i, 991 

africanus, 953 

and Filaria mala)'!, 740, 950 

annulatus, 950 

anuuiifcra, 953, 950 

unnuhpes, 95(; 

longipalpis, 950 

unifonuis, 95(; 

Mapharstm, 124, 157 
^largaroi)US bo vis, 973 
Afarmite, 427 

in beriberi, 454, 450 

in spnie, 587 

Maniiot, 281 

and plague, 281, 282 

Marmota llaviveiitcr, 201 
Marris's atropine test, 339 
Afarsh fever, 54 
Massjige in Sfiruc, 592 
Mastom 3 'S coucha, 378 
Maurer’s clefts, 03, 8S3 
Ma\x‘r-Tanret test, 102S 
Mazamorra, 820 

ifcKay’s method of staining tlagellated bodv, 
1024 

Measles in tropics, 49 
Medical entomology, 970 

helmintholog^y, 894 

protozoology, 857 

zoology, 85? 

Mediterranean fever {see Undulant fever) 

yellow fever, 228 

Megaloblasts, significance of, 1027 
Megalocytes, aignilicance of, 1027 
Megulocytic anauuia, 30, 37 
Megalotytosis, 30 

Megarliinus, ** scale vestiturc ” of, 987 (hg.) 
Meige’s disease, 759 
Melania, 796, 962 

ebenina, 901 

gottschei, 903 

hongkongionsis, 897 

libertina, 901, 903 

obliquegranulosa, 903 

paucicincta, 903 

Melanoides tubcnailatus, 900 
Melanoma, malignant, occurrence of, 61 
Melioidosis, 307 

Aetiology, 307 

diagnosis of, 308 

symptoms of, 308 

treatment of, 308 

” Melitene ” reaction, 316 

Melopsittacus uudulatus, 381 

” Melung,” 634 

Meningitis, cerebro spinal, 40 

Mcnstnml disorders in candidate for tropics, 6 

Mercurochrome 220, in plague, 293 

in ringworm of feet, 692 

— in spotted fever of the Kocky 

Mountains, 2G8 
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Merozoites, G3, 8(57 

Mertliioliite cream, f>92 

Metagonimus jmkogawai, 900 

eggs of, 901, ami I’l. XXXIII, facing 

p. lour. 

pathogenesis of, 901 

.Mcta'/oan hnniunity, 854 
Methceinalbiimin, 88, 90 
Mctharfer, 102 

Metric and imperial standards, relation between, 
1042, 1043 

Miancli fever, 213, 221 
Micrococcus melitensis, 309 
Microcyte, significance of, 1027 
Microlllaria bancrofti, 743, 714 (tig.) 

characters of, 745, 9 19 

distinction of, from Mf. loa, 959 

life of, in moscpiito, 751 

non-periodic strains of, 750 

periodicity of, 74(5, 778, 950 

retirement of, to larger arteries and 

lungs, 749 

sj^ecies of rnoscjuito in. which it 

develops, 953 

demunjuayi, 7 13 

diurna, 743, 777, 959 

loa, 743, 744 (lig.), 778, 959 

distinction of, from ]\ff. bancrofti, 959 

life-history of, 9(50 

periodicity of, 750, 778 

malayi, 74(5, 744 (tig.) 

ozzardi, 743, 744 (tig.), 95(5 

perstans, 743, 744 (tig.), 9(52 

volvulus, 744 (tig.), 9(54 

Microgamcte, (50, 885 
Miorogametoc 50 e, 884 
Micron, 1012 
Microphage, 102(5 
Microsporon furfur, (588 

maiisoni, (588 

minutissimum, (588 

Microtrombidium akamuslii (arr Trombicula 
akamusbi) 

rnolestissimum, 972 

wichmanni, 972 

Micro tus, 972 

californicus a‘stuarinus, 301 

montebelloi, 237, 893 

and infectious jaundice, 228 

and Japanese river fever, 271 

and seven-day fever, 237 

Midges, 98G 

differentiation of, from mos<|uito('s, 98(5 

Mikulicz cells in rbinosclerosis, 710 
Milk treatment of sjinic, 583, 685, 58G 

liigp protein, 585 

Milroy’s disease, 759 

Minerals, in nutrition, 28 

Miner’s anaemia (see Ancylostomiasis) 

Miscarriage due to malaria, 99 
Mites, 970 

Mitigalin treatment of infection with crab-lonse, 
1014 

of scabies, 970 

Mixed fever, malarial, definition of, 74 
Moebius’ sign, G53 • 

Monilia, C85 

psilosis, 571 

Monkey-protection test, 359 
Monocyte, 1026 
Monocyte-rnacrofilifige, 102(5 
Mononuclears, 102G 
Monosaccharides, 25 
Monsoon belts, climate of, 13 
Monsoons, 14 
Moogrol, G13 
Morariyl, 153 
Morbus bengalensis, 505 


Moro's apple dietary, 519 
Arosinan fever, 2(59 
Afosquito alazan, lOOO 

iK'grito, 1000 

repellents, 133 

Alostjuitoes, 980 

anatomy of, 981 (tig.), 983 

and dengue, 397 

aud lilariasis, 751, 777 

and malaria, 53, 990 

and llift V'alloy fever, 379 

— — -and yellow fever, 353, 35(5, 3(5], 362 

development of parasite; in, 59. SS7 

elill'erentiation of, from otlie^r blooel- 

sucking irisce'ts, 985 

di.s.se’ct.ion of ho, cl eef, 890 (lig.) 

eggs of, 980, 982 (lie.) 

extermination of {Sfe Afalaria, ]irophy- 

laxis of) 

ge'ograjehical ranee of, 980 

iife-hist(or\' of, '.ISO 

mechanism of blood sued ion in, 753 

migrations of, 9S2 

sj'Oe.'ie.s known to foster I'ilaria Wi'chcr- 

•Tia) ba ncreeft i, 95.3 

malaria, para.siics, 990 

.subfamilies of, 986 

{see also .Vnophelinc.^) 

Alejsepiito- malaria theory, 5!> 

AIe>s(|uito netting, 132 
.Mossy foot, 645 
AIe)ther yaw, (122, (523 

" Alottling, .sulK'Uticular,” in tyi')iu.= feve-r, 256 

Mouse-protection lest, 3.5 1, 359 

Aloiith sj»me, 579 

Alozambiepie ule'cr, 674 

Alueaisin fiece^s, 1031 

Alugil e-eph,alu=J, 900 

“Mulberry rasli” in ty|ilms fever, 256 

Alnllie-eps mnlticops, larval form of, 92.'') 

“ Mumu fever,” 7(52 

Munena, 8 15 

AIus griseiventer, 307 

iereloni, and Jaieanosc rixa r fever, 271 

muscnln.s, 928 

and plague, UBO 

sylvaticus, 928 

Alu.sca domestica, 855, I0o5 

and Dermatobia cyaniventris, 1013 

— — and dysembTV, 19 7 

stigmata of larva- of, 0)07 (fig.) 

Alu.sciela?, blood-sucking, lool 

non-blood-sucking, 1005 

Muscle-libros in fieces, 1033 
Aluscoid Hies, 850 
Alu.stard-oil poisoning, 8.‘12 
"Afwanza ontbjoak of sleeping-sickness, 161 
Mycetoma, 610, 6 15 

aclinomye?otic, 610 

Roullard's black, 611 

white, 642 

Rrumytt’s white. Oil 

Carter’s black, (J 1 1 

classilication of, 610 

history and gcograjihical distribution of, 

610 

Nicolle's white, (54 I 

I)alholog 3 ' of, 612 

Keyuier's white, 641 

symptoms of, 612 

treatment of, ^11 

Vincent’s wliite, 6 1 1 

Alycobacterium lepne, 598 
Alygale, 848 
Alyiasis, 8.50 

intestinal, 854 

linearis, 852 

nasal, aural, and ocular, 850 
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MjlafiiB subcut a ueoua, 851 
Myositis punilenta tropica, 

• tropical, 70*'^ 

My Otis In vis, 175 
Myriai»<)da, 84 U 

N 

Naganol, 155 
Naga sore, (>74 
.Vails, ringwonn of, (555 
Vaja, 844 

tripudians, 840 (lig.), 811 (lig.) 

Narni, 830 
Vauukayauii, 23(! 

Napier’s Hlclebyde test, 191 
Naso-pharyijgeal Jeishmauiasis, ‘J08 
Necator amcricanus, 813, 815, 954 

cbaracters of, 934 

e^'gs of, 950, 1030 

larva* of, diiTereutiatecl from Ancy- 

losloma, 935 

Negri bodies in rabies, 349, 380 
Negro, malaria and, 98 
Neill-Mooser reacti<m, 25*J, 253, 201, 209 
Nematodes, 929 

eggsof,iufiPces, 1029, and I’l. XXXJfl, fai-ing 

p. 1030 

l)reservatiou of, 1011 

preservation of, 1041 

Neo-ant iinosan (see Kouadin) 

Neoarsphenarnine, 242, 030 
Neo-bismuth, 038 
Neocryl, 157 
Neojodo 078 

Neo-salvarsan (see Sulvansaji) 

Neostarn, 194, 205 
Neostibosan, 194, 205 
Neotreparsenan, 038 
Nephritis, ac-ute, in tropics, 15 

quartan malaria, 70 

Nephrosis, in tropics, 45 

quartan malaria, 70 

Nerium odonim, 827 
Nerve leprosy, 007 

Nervous disorders in candidate for tropics, 7 
in tropics, 49 

system, eil'ect of tropitail climate on, 17 

Neurasthenia, 050 

in the female, 051 

insomnia and, 051 

predisposing factors to, (juinine, 052 

tropical conditions, »;51, 0.52 

infections, <i5t) 

prophyla.vis of, 053 

sexuai fac'tor in, 051 

symptoms of, 052 

treatment of, 053 

work and exercise and, 051 

Neuritis, malarial, 453 

peripheral, 435, 444, 445 

Neurocytes hydrophobia*, 380 

Newstead’s classiliC4itioD of Glossina, It)03/n 

Nicholas-Favre disease, 058 

Nieolle and Couseil, and undulant fever, 322 

, Novy, and MacNeal medium, 1039 

NicoUo’s white mycetoma, Oil 
N •otUlnaraide, 425, 429 
Nicotinic acid, 425, 429, 409, 470, 7)89 
Night-blindness, 427 
N.N.N. medium, 178, 1039 
Nodular dermatitis, 084 
leprosy, 605 

Noguchi- Wenyon medium, preparation of, 1040 
Normoblast, 1027 

Nose and throat, examination of, in candidates 
for tropics, 3 
Notechis scutatus, 840 

(IS 


Novasurol, 259 
Nutrition, in tropics, 25 

native, 29 

Nutritional macrocjrtic amcmia, 37 
Nyctonomops macrotis, 173 


Obermeier, and discovery of Spironerna re- 
currentis, 2 1 1 
Ocular sparganosis, 920 
Odan-eki, 228 

(Kderna in subtertian malaria, 82 

(see Kpidemic dropsy ; War oedema) 

(Ksophagostonmm ai'iostoniiini, 490, 937 (lig.), 
938 

in dy.senter}', 5(50 

stepheuostonnim, 190, 938 

(Nstrida?, 1011 

Ohara’s disease, 302 

Oidium, 685 

Oil palms, 32 

Oleum gynocardium, 012 

Oligocytliinnia in malaria, 08 

Omentopexy for visceral bilharziasis, 737 

Omuadin, 291 

Ochocerea aecutiens, 782, 784, 905 

cerviciilis, 323 

volvulus, 782, 783, 903 

and cruw-craw, (18 1 

cbaracters of, 783, 903 

• t-oinplement-deviation test for, 755 

embrj o of, 90 1 

eye lesions and, 780 

geographical di.stribution of, 784 

habitat of, 903 

history of, 782 

iiitenuediary host of, 1000 

life-history of, 783, 904 

Onchocerciasis, human, 782 

diagnosis of, 787 

pathology and symptoms of, 783 

skin 8ymf)toms in, 784 

treatment of, 788 

Oncomelania, and Plastern bilharziasis, 739 

formosana, 915 

hnpensis, 915 

nosophora, 913, 915 

Onyalai, 712 
Odevsts, 807, 888 
Ookinetes, 887, 888 
Opisihorchis felineus, 899 

eggs of, 899, and 1*1. XXXIII, facing 

p. 1025 

noverca, 899 

viverrini, 899 

Opium poisoning, 828, 832 

Optic atrophy in relapsing fever, 223 

neuritis following treatment by trypar- 

samide, 150 
Orarson (see Stovarsol) 

Orchitis, filarial, 708, 709 

malarial, 84 

Oreja de chieWeros, 209 
Oriental sore, 197 

aetiology of, 1 98 

and kaia-azar, 200 

dii^osis of, 204 

epidemiology and einlcmiology of, 1 98 

generalized non-ulcerating fonn of, 

204 

geographical distribution of, 197 

history of, 197 

incubation period of, 200 

lupus-like lesions in, 203 

prophylaxis of, 208 

seasonal incidence of, 197 
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• Jriputal Sore, pjmptotus of, 2on 

constitutioiml, Coo 

treatment of, SOf) 

— by earbou-dioxide snow, 20S 

|)y injection into base of sores, 

L’OC 

of berberiuc sulpliate, 207 

of emetine, ‘JOd 

— — by intravenous tartar emetic, 

207) 

by ioni/.ation, 207 

by ointments, 200 

by vaeein<', 207 

by X-rays, 207 

^'eucral measures, 20r» 

local measures, 20.'> 

of indolent sores on nose, 207 

verrucose form of, 20." 

Orisol, 200 

Ornithodorus, 211, S'J2, y7a 

capensis, 975 

— — - coniceps, 975 

lahoreusis, table facing f). 212, 97 1 

marocauus, 211, 2l.'l 

moubata, 211, 215, 2 1C., S70, 97:. 

jtapillipes, 213 

saviguyi, 870, 975 

talaj^s 211, 975 

tholozain, 215, 975 

venezuelensis, 211, 215, 975 

{see also Tick) 

“ Oro,”828 
Oroya fever, 243, 997 

aetiology of, 244 

and verruga pemana, 243 

geographical distribution of, 21." 

history of, 243 

incubation period of, 2 01 

mortality of, 24(» 

pathology of, 215 

seasonal incidence of, 215 

symptoms of, 240 

treatment of, 210 

{see also Verruga peruana) 

Orsanine, 155 

Os calcis, endemic hypertrophy of, 712 
Oscol stibium in filariasis, 777 
Osteitis deformans and goundou, 031 
Ouabiiine, 454 
Oulou-fato, 38 5n. 

Ovalocytosis, 39, 1020 
Oxylax, 944 
Oxyuriasis, 943 
Oxyuris vermicularis, 942 


P 

Pacheco’s parrot disease, 383 
Pahvant Valley i)lague, 302 
I'aiigonia riippellii, 1002 (lig.) 

1‘ani-ghao, 820 

Paustrongylus (Triatoma) gcniculatus, 173 

megistus, 160, 107, 108, 172, 173, 875, 87C. 

Pantropic strain of yellow fever virus, 354 
Papataci fever, 403 
Papio cynocephalus, 957 

porcarius, 915, 938 

Paracoccidioides brasilicnsis, 017 
Parafossarulus striatulus, 897 
Paragonimiasis, 796 

astiology of, 796 

diagnosis of. 798 

geographical distribution of, 7 96 

history of, 796 

parasite of, 796 

pathology of, 796 

— prophylaxis of, 799 


pHTHgonimiasis, simtum in, <9/ 

symptoms of, 797 

— treatment of, 799 
I’.'tragonimns c(nnpin'(\is, 901, 90 ‘j 

kellic«>tH, 902, 903 

ringeri, 790, 901 

eggs of, 79S, 902, and I’l. WXIll, 

facing p. 1025 

geographical distribution of, 902 

life-history of, 902 

pathogenesis of, 71M’. 

westennanii, 790, 901, 902 

I'jiralvssji, 3SH 
Parangi, 01 S 

pink, 028 

Puranitrophenol, 092 
I'arasito index in malaria, 97 
Parasites, animal, and associat(?d dis<!ases, 71 1 
Intestinal, 803 

— eggs of, ex.ainination of fa*ces for, 1029 

method of coiu’ent rating, 10.". 1 

of circulatory system, 714 

of liver, 79C> 

of lung, 790 

of lvmj)hali(’ system and connective tissue, 

7‘43 

— — of malaria (str Malaria parasites) 
I’arasmallpox, 412 

Parathyroid gland, relation of vitamin I) to, 433 
ParatypJioid fevers, .330 

diagnosis of, liy agglutination, 103C. 

ditl(“renl iul, diit* 

enteric from, 338 

nmlaria from, 103 

— post-mortem ditfcrences l)etwe<‘n 

enteric and, 332 

iiKJCulation against, 8 

rose spots in, 3.'’.4 

temj)erature and pulse-ratr in, 33 1, 

335 (tig.) 

Puratyphoid-A fever, 331 
J'aratyphoid-B fever, 331 
Pnrutyphoicl-C fever, 331, 338, 340 
*• Pan^uit,” 1000 
Parrot disease, Pacheco’s, 383 
Parrots, psittacosis in, 380 
Paseheii bodies in pock diseases, 409 
Pasteur and rabies, 38 1 

treatment, 392, 39 1 

indications for, 394 

re.sults of, 3i»4 

Pasteurella pestis (sir Hacillns jiestis) 

tularen.se, 302 

Patau, 270 

Paulliuia pinnata, 827 
Pedetes caffer, 283 
Pediculoides, 971 

ventricosus, 704, 971 

Pediculosis, infection with, 1014 

prophylaxis and treatment of, 101 1 

I’ediculuB caj)itls, 1013 

and typhus fever, 255 

corporis, 1013 

and typhus fever, 255 

humanus, i013 

and relapsing fever, 211, 2l I, 218 

and tyjthus fever, 254 

Pelicanus onocrotalus, 900 
Pellagra, 468 

aetiology of, 460 

age and, 460 

diagnosis of, 468 

of sleeping sieknesf- ironi, 151 

of si»rue from, 581 

dumtion of, 467 

epidemiol(^y and cndemiology of, 459 

eruptions in, 461, 465 

food-deflcieney theory of, 461 
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I’nlla^ra eruptions, maize theory of, 1(5 1 
jEfeographical distribution of, 4f»8 

— Iiistory of, 468 
in (treat Britain, 469 

— occupation and, 4(50 

pathology of, 4655 

prophylaxis of, 471 

relation of, to blacktongue in dogs, 46:5 

— — s*;aRon and, 469 
sox and, 4(50 

— pyrn|)toniK of, 4(54 

mental, 467, 468 

t roatment of, 469 

typhus, 467 • 

vitamins and, 46:5 

Pellebierine in costodiasis, 82:5 
Pellidol, 206 

Pemi>lugus contagiosus, 683 

lei)rosus, 607 

Penta-trichornonaB, 866 
** Peribuccal (odemu,” :583 
Periodicity, tilariul, 746, 749, 760, 778 

malarial, 72, JOl 

i’eripheral neuritis, 4:56, 444, 446 
1‘eristome, 870 

I'eruicious aiuemia in tropics, 44 
— — attacks in subtertian malaria, 79, 8i 
" Persian bug,” 976 

Pcrsjdrution, elTect of tropical climate on, 17 

I’estedo, 298 

I’estifage, 294 

I’estis minor, 288, 290 

mid climatic bubo, 663 

sideraiis, 290 

“ I'etcr Sys” specific, 689 
Petrolagar, 68 7 
rfcifferfll whitmori, 307 
i’fcilTer’s reaction, 481 
i’hagedieua, tropical slougliiiig, 6 76 
Phagocytosis in malaria, 69 
l’has(:‘oius radiatus, t27 
Phasianus fonnosaiius, 271 
Plii ilophora verrucosa, 616 
Piilebotomus argv'ut ipes, 999, 1000 

iiml iransmission of kalu azar, 179 

dubos<.:<]ni, 1000 

- - fever, 403 

adiology of, 403 

- diagnosis of, 406 

distribution of, 10:5 

liistor>'' of, 403 

incubation jieriod of, 404 

patbology of, 404 

^ _ - prophybixis of, 406 

symptoms of, 401 

treatment of, 106» 

LTciius, 401, 986, 997 

^ dilTerentiation of, from mosquitoes, 
986 

goograpliical distribution of, 997 

life-history of, 998 

— -- major, 179, 10()0 

minutus, 1000 

noguchii, 246 

papatasii, l99, 104, 998, 1000 

life-history of, 999 (fig.) 

pernieiosus, 179, 1000 

perturbans, 1000 

[lossible carrier of l/eishmanin lroi'i<*n, 19*9. 

877 

— - repellents of, 1000 
stMgenli, 179, 199, 1000 

- ven-ucanuu, 216, 997 
I'hoosa, 842 (tig.) 

Phormia regina, 852 

Phosphaturia in candidates for tropics, 6 
I’hosphonis, blood, in tropics, 16 
in nutrition, 28 


Phrynoderma, 426, 465 
Phthinis pubis, 1013, 1014 
Physa subopaca, 908 (tig.) 

Physaloptera caucasica, 031 
— ^ mordens, 931 
” Physic nuts,” 830 

Physopsis afrieana (.sec P.ullinus ufricaiius; 

I’ian, (518 

hois, 208 

datre, 626 

Pica, 28 

in aiicylostomiasis, 811 

Piedra, 698 
Pigment, malarial, 69 
Pigmentation, 18 

in (jooley’s aii.eiiii.i, II 

Piles, internal, 669 
Pinto, 695 

-.etiology of, 696 

diagnosis of, 69 7 

geographical distribution (d, 696 

symptoms of, (.97 

treatment of, 697 

Pinvvonn, 942 
Pioi>hiia casei, 866 
Piper betel, 832 
“ I 'ipsa” fljq 1000 
Pirenella coiiica, 900 
Pisliu strat.iotes, 966, 9*96 
Pitecolobium lobatum, 8:50 
Pitressin in beriberi, 446 

in cholera, 490 

in sprue, 69M 

Pityriasis vensicolor, 688 
Plague, 27(5 

a-tiology of. 278 

— — ^gf.g iiigfj pjH-illus pcstis) 

- — ambul dory, 288 

atmospheric teniperature and, 277' 

Imbonic, 288 

. — mortality of. 291 

- - diagnosis of, 291 

— ___ — (roin post-mortem imlications in rats, 
292 a. 

ilistribution of, ceograi.liical, i;76 

<*pidemiology and eiidemiology of, 277 

- experimental, 280 

- - - history o'!. 27(5 

— - — in lower animals, 279 

incubation j.criod of, 287 

— — inoculnbility of, 280 

mortality of. 29 I 

pathology of, 286 

]»iieuuiouic, 290 

mortality of, 29 1 

prophylaxis of, general, 294 

destniction (>f vermin in, 296, 299 

personal, 29(‘ 

Halfkine’s, 297 

(juarantine in, 294 

rats concerned in spread of, 298 

relapses in, 291 

rule of tlea in, 281 

of marmot and otlier rodents in, 281 

of rat in, 280, 286 

— — seasonal incidetice of, 286 

septictemic, 290 

symptoms and stages of, 287 

treatment of, 29;i 

bj' bacteriopliagd, 29 1 

by mercnroclnxmie, 2955 

— by serum, 2955 

PlaiiiHTvptoternies, 67 i 
I'lanorbia boissyi, 722, 72 7 dig.), 91 1 

cenlrimetralis, 911 

coenosus, 895 

— — corneus var. metidjensis, 908 
exustus, 722 
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PJiUlorbis globosa, 911 

uadeloupensis, OIL' 

liaomisphaorula, 805 

largillierti, 895 

neosudanicus, 911 

nitidella, 895 

olivaceus, 912 

pfeiflferi, 911 

schmackeri, 895 

— asmocbin (see Plasmonuinc) 

— asraodidae, 879 

life-cycle of, 879, 887 

Plasmodium, 879 

brazilianum, 879 

cathemerium, 879 

cynomolgi, 879 

danilewsky, 879 

falciparum, 57, 61, 65, 76, 87, 879, 882 

peristence of, in human body, 881 

galUnaceum, 879 

inui, 879 

knowlesi, 87, 879 

kochi, 879 

malaria*, 63, 879, 881 

persistence of, in human body, 882 

ovale, 55, 63, 879, 881 

I)itheci, 879 

prtecox, 53, 879 

reichenowi, 879 

vivax, 62, 63, 87, 879, 880 

persistence ol, in human bod}^ 880 

T’lasmoma, 710 
Plasmoquine, 105 

and blackwatcr fever, 87 

compound in malaria, 1 1 1 

in malaria, 106 

combined with (piinine, 1 16 

for pregnant paticuits. 107 

^ parenteral injections of, 1 15 

prophylactic use of, 136 

Platelets, blood-, 1027 
T'lecoglossus altivelis, 901 

Plehn’s theories of meciiunism of luemolysis i 
blackwater fever, 87 
Plotosus anguillaris, 845 
Pneumo-enteritis, 307 
Pneumonia in tropics, 18 

treatment of, 48 

psittacosis, 382 

Pneumonic plague, 290, 292 
l^ock diseases, 408 
I’oikilocytosis, 1026 
Poisonous fishes, 815, 846 

food, 828 

lizards, 8 M 

snakes, 837 

Poisons, animal, 837 

used for criminal puri>oses, 827 

vegetable, 827 

Poliomyelitis, anterior, in tropicus, 49 
Polycholia in malaria, 70 
Polychromasia, 71, 1027 
J’olymorphonuclears, neutropliile, 1025 
Polyneuritis columbarum, 437, 139 

endemica, 435 

forms of, 453 

gallinarum, 437 

(see also Beriberi) 

Polyplai serratus, 3Q3 

spiniilosa, 876 

Polypus, simple, dysentery and, 569 
Polysaccharides, 25 
Pomegranate bark in ceslodiasis, 823 
Ponos, 174, 175 
Poradenolymphitis, 658 
Pork tapeworm, 921 
Porocephaliis annillaius, 978 
characters of, 978 


Porocephalus armiliatu?, life-histoiy of, 979 

pathogenesis of, 979 

moniliformis, 980 

Posadasia capsulata, 891 

pyrifonnJs, 891 

Postdysenteric ascites, 506 
tachycardia, 508 

Postoperative debility and return to tropics, 
10 

Potamon, 903 
“ Potfi '• -fly, 1000 
P.!'. factor, 425, 429 
J’rti-blaokwater state, 9 1 
Pn*cipitation test in variola, 111 
Precipitin reaction, 926 
Pr^piancy and tropical life, 6 

blackwater fever in, 93 

malaria in, 83, 99 

protein requirements of, 27 

J’remature birth due to malaria, 99 
Premonitory diarrheea, 483 
“ Premunition,” 98 
Prickly heat, 685 

{etiology of, 685 

treatment of, 686 

Principe, trypanosoiniasis-iiro]»hylaxis in, 16U 

Procyon lotor, 788 

Prontosil (see Sulphanilaniide) 

Proparsenol in slcefung sickness, 157 

Proscptacine, 762, 777 

Protection test in climatic bubo, 659 

in yellow fever, 359 

Protein value, biological, 462, 463 
ProU'ins, 26 

biological value of, 2 7 

ciassiticatiou of, 27 

digestive utilization of, 27 

Protein-shock therapy in climatic bubo, 663 

in leprosy, 615 

— in riiinosclerosis, 711 

in uudulant fever, 319, 328 

J'roteus vulgaris, 258 

— — and troi)ical typhus, 2«t9 

isolation of, 258 

Protoi>athic sprue, 578 

J’rotozoa, culture of, techniiiue of, 1040 

— - — in f;eces, demonstration of, 1035 

— - — lilms for, 1035 

of the blood, 870 

staining of blood-lilms for, 1023 

J’rotozoal cysts in faeces, method of concentra- 
tion of, 1035 

dysentery (see Dys<mtery, amoebic) 

Protozoa-like yeast cells, 891 
Protozoology, medical, 857 
Provitamin, 433 
Provitamin A., 426 
Pseudactinomyoosis, 640 
Pseudalopex culpaeus, 173 
J’seudechis porphyracius, 8 10 
Pseudo-cholera, 307 
J'seudomethiemoglobin, 88, 90 
Pseudo-parasites in faeces, 1031 
PseudophylJidea, 917 
Pseudopodia, 880 
Pseudo-rabies, 391 
Pseudorasbora parva, 898 
P8eudothel|)U8ea iturbi, 903 
Pseudo-typhoid fever, 2t59 
Pseudo-typhus of Deli, 2<>6 
f ’silosis, 570 

pigmentosa, 158 

I’sittacosis, 380 
- {etiology of, 3S I 

diagnosis of, 383 

epidernlology of, 380 

hislory of, 380 

incubation period of, 382 
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PpiUnroBin, pHtlioldtfv of, ?.S1 

^ prognofiifs of, 3S.H 

prophylaxis of, 

syinfitoms of, 3f*‘’ 

troatiiiciil, of, .'IS.’i 

I’poriasisin c-atKiidatr f<tr liupii-. 7 
rBorophor.'i pos’tinifa, 101 

iovari, 1013 

I’sychoneuroHis (srr Neunistlicnia) 
rioTyginin, 18 

I’loiriiiiiie poisoiiin”, dm* t(» It. aortryoko atoi 
It. enteritidis, 3^4 
I’ulux irritans, y28, 1018 (li-j-. ) 

and )>JaCT<*, -H I 

Pulmonary aind'biasis, r>(i3 

H(;condar>' (o liver ahscorfs, 317, 3.31 

Pulque, 83ii 

Pulses, as aid iseorOiif ics, preparatiun of, 17-1 

Purru, ()18 

Putorius visoM, 788 

Pyelitis in H. coli infection. 3 0; 

PymoHcl, 8‘J-l 
Pyoprani, all 
Pyoinyositis, troiii<'al. 7o:. 

letioloi/y of. 70(; 

assoi’iat ed a ll'eet iun.s of, 70<; 

— diagnosi-i of. 707 

^reograpliical disf rifnUion of, 707» 

(reatmeiu of, 7o7 

Pyosis mansoni, <'>8.3 
Pyrethrin, 8*J 1 
Pyrifer, (»(:3 
Pymvic acid, 4‘J8 
Python regius, '.<78 
sebae, y78, '.<71* 

0 

“Q” fever, l»74 
(Quarantine in cholera, I'.iL’ 

in plague, HKd 

(Quartan fever, 74 

(see ul.so .Malaria fe\er, quartan) 

(Quartana duple.x, 1'2 

triplex, 12 

(Quinacrine, 6ti8 
(Quinetum in malaria, 10'.* 

(Quinidine in malaria. 108 
(Quinine abscess, 1 1 2 

alkaloid, 108 

amblyoi>ia, 107 

and plasmoipiine, 1 h; 

by intrainu-scular injection, 11 1 

by intravenous injection. 111, 113 

derivation of, lOt; 

dosage of, 107 

excretion of, in malaria, 107 

in milk of nursing mother. 108 

for pregnant malaria patients, <‘are ir 

use of, 107 

formula of, IOC 

hydrochloritle, 10<; 

idiosyncrasy, 8, 107, 110 

in blood, detection of, 108 

in diagnosis of malaria, 100 

in milk, estimation of, lO'J 

in puerperal stale, 107 

in treatmei>t of Ijeat-hyiierpyrexia, liM 

of malaria, 103 

adjuvants to, 108 

alkaline modification, 108 

by intramuscular injection, 11 1 

by intravenous injection, 1 13 

dosage of, 107, 105* 

excretion of, 107 

in milk, 108 

mode of action of, J 10 

in urine, test for, lOi't* 

mannitol-, 1 1 U 


(Quinine, mode of .iction of in malaria, llo 

prophylaxis, J07, 135, C53 

sulphate, 106 

taste of, methodf! of disguising, 10<; 

iheory of blackwater fever, 86, 88 

- - toxic efiects of, 86, 1 JO, 452 

■ use of, in inoculated infections of malaria, 

65 

C,niinine-\Veil, 100 
(Qiiiniostovarsol, 124 
(,)uiniosulphan, 310 
tQuinoplasmiue in malari.i, 117 
C,)uinoxyl (.w Yamm) 

(Quotidian fever, 63, 72, 71, 78 


R 

Rabbia, 384 
Kabbit fever, 302 
Rabies, 384 

aetiology of, 383 

animals susceptible to, 383 

- — — diagnosi.s of, 331 

examination of snsjiected material for 

evidence of, 391 

— — ex})eriniciital, in the rabbit, 390 

geographical distribution of, 381 

--- - llistor^ of, 384 

liydroj)hobia in, 388 

immunity fron), 390 

■ in lower animals, 389 

incubation period of, 388 
— — Mcgri bodies in, 349, 386 
street, 385 

s\mj»toms anil clinical course of, 388 

types of, excited or furious, ;i88 

paralytic, 389 

treatment of, 392 

— — Pasteur, 3‘i2, 39 l 

_ — of |»ersoiis c.xposed to infection, 

392 

— preventive inoculation in, 392 

semm, 393 

vims of, 385, 387 

fixed, 38*; 

— in l’a.‘^teur treatment, 392 

Jo production of immunity, 

390, 391 

— — — - location of, in body, 386 
— • — — Negri bodies in, 386 

passage of, in carnivores, 386 

resistance of, 387 

fo chemicl^l agents, 3S7 

to di.si('cation, 3S7 

to filtration, 387 

Jladiotherapy (see X-ray treatment) 
lladium treatment of cheloid, 671 
Kagc, 384 

” Kuiney’s corpuscles,” 891 
liana nigromaculata, 920 
llaikd scurvy, 473 

Hat, and infectious jaundice, 228, 23 1 

and plague, 280, 284, 298 

and rat-bite fever, 210 

and tropical tyi)bus, 270 

leprosy, 602 

• poisons, 295, 300 

(see also Rattus) 

Rate-bite fever, 239 

letiology of, 239 

- - diagno^s of, 242 

differential, 212 

geographical distribution of, 239 

history of, 239 

■ incubation period of, 241 

— parasite of, 239, 893 

pathology' of, 2 12 
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Rat-bito fever, symptoms of, L’4I 

treatment of, 242 

Rat-flea and Brill’s disease, 

- and plague, 284 
hionomics of, 28t^ 

diiiKnostic chanicters ol. 1 <>•_’(» <lig.) 
tryi^anosomes ill, 87(i 
Rat -lice, and Oroya fi'vcr, *J 1 1 
Rats, destruction of, 

plague, descrijition of spi.-cies of, 2nS 

post-mortem indications of platrnc in. 

292 n. 

Rattlesnake, 81^7 (fig.) 

bites of, 812 

Rattus agraius, and Japanese river fever, 271 

- — alexandrinus, 928 

- and infectious jaundice, 228 

and rat- bite fever, 2 Id 

- — coneolor I'oncolor, 27d 

- - coucha, 28;> 

decumaims (.or Rattus norvegieus) 

norvegieus, 299, 92H 

and JiCptospira icteroba-inorrJiagia-, 

228 

— and jdagne, 280, 29.'*, 298 

- — and rat -bite fever, 240 

and tnlaranina, 299, 901* 

rat ins, 299, 928 

■ - ale.xandrinus, 299 

- and l^eptospira icteroliaanorrliagia', 

228 

and plague, 280, 298, 2it9 

and rat-bite fever, 240 

- diardi, 270 

frugivoms, 299 

jalorensis, 270 

■ — - — rufescens, 299, 972 

- __ — Japanese riM-r fever, 270 

Ray fungus, (i tO 
Itecnidesecnce, delinition of, 74 
.Rectal irrigation in bluckwater fever, 12.'» 

— in chronic bacillary dysentery, .M9 

stricture and climatic bubo, r.tll 

Red fin er of Congo, .■}7<l 

Reduviid bugs, JOl.'i 
Reedbuek, 164 
Relapse, delinition of, 74 
Relapsing bacillary dysentery, .'»or> 

fever, 211 

- — — mtiology of, 212 

diagnosis of, 224 

VVassennann reaction In, 22."» 

epidemiology and endemiologv of, 

215 

fulminating, 223 

geographical distribution of, 21 1 

history of, 211 

immunity from, 219 

— by inoculation, 227 

incubation jieriod of, 219 

— mortality of, 224 

parasites of, 2 1 2 

cultivation of, 213 

demonstration of, 212 

development of, in louse, 217 

in tick, 210 

different strains of, 213 

evolution of, in intermediary 

host, 21(> 

pathology of, 211 

prophylaxis of, 226 

return to tropics after, 9 

symptoms common to all forms of, 

219 

of bilious typhoid type of, 221 

of Central African type of, 222 

and South American type 

of, 224 


Relapsing fever, Hvmptoms of eosmopolltau type 
‘of. 219 

- - - - of Iranian typ*" n{, 221 

. - . — of Spanish tyjte of, 224 

transmission of, 214, 218 
trcatincid. of, 22.^ 

- hy senun-theiapv, 2 I !» 

Iternittent maluriul fever, urlilieially induced, r..> 

bilious, 70, 78 

— dennition of, 7 I 

oei’urrence of, in Iroiiit's, Id, 19, l.‘i 

Renal diabetes in tropics, 46 

disease in candidate for tropic.s, 5 

Respiratory disr^aaes in tropics, 4 7 

exchange, efTeet of tropical climati* on, 47 

S3'stem, examination of, in cantlidatc for 

tropics, 3 
Rest in tropics, 21 
Reticulocyte, 1026 
Jteynler’s white mycetoma, tl II 
Rhabdomys jMimilio, 283, 28 1, 378 
Rheumatic heart alTections, in tro|*ics, 4 I, 47 
Rheumatism, acute arlicidar, in tropics, 17 

dysenterii', .">07 

ill candidate for tropic.'.;, 8 

RIkinoeladium bcaurinanni, 617 
lUiiniestnis purpnreus, 850, 101'! 
Rhino-jihuryngilis, destructive ulcerou';, and 
yaws, 629 
Rhinoseleroma, 708 
Rhinosporidiosis, 707 
Rhinosporidium e<pii, 708 

seeberi, 707, 708 

Rbipieephalus sjiiiguineus, 252, 262 
Jthodesiensti sleeping sickness (.ire Sleeping sick- 
ness, rbodesiensc) 
lUiodnius, 1015, 1016 

and South American i rvpanosomiasis, 

167 

prolixus, 876, 1016 

Khombomv's opinius, 282 
Riboflavin, 425 

Rice, conditions of growtli of, 438 

fields as breeiUng-giunmls for iiios<juilo»-;, 

127 

food value of, 35 

polished, and beriberi, 135, 43.7, 156 

Ricimis, 206 

Rickets, and vitamin 1), 432, 433 
Rickettsia and tj'phns, 251 
braziiiensis, 252 

— -- couori, 252 

cultivation of, 251, 270 

in tropical tvphus, 26tt 

orientalis, 251, 252, 270 

in trojiicnl typlms, 'J7i) 

pediculi, 251 

- — prowazeki, 251, 252, 255 

- — psittaci, 381 
(juintana, 251, 262 

— — rickettsii, 251, 252, 2tJl 

woliiynica, 251 

Rift Valley fever, 377 

— letiolugy of, 377 

diagnosis of, 379 

duration of infectivity of 378 

history of, 377 

— immunity from, 379 

— pathology of, 378 

— prophylaxis of, 379 

symptoms of, 378 

treatment of, 379 

— virus of, 350, 377 

Rlngwonn of feet, 091 

of nails, 693 

Tokelau, 693 

yaws, 625 
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Hiranol in dysentery, aniailiio, r>13 
bacillary, 516 

liockefeller Oonimisslon, oii pioi'byliixis cd 
ancylostomiasis, 806n., 81 U 
Itocky Mountain fever (tiee Spotted fcverj 
Itoger’s treatment of cholera, '189, 490 
Hose spots in enteric fevei-s, 331, 337 

in psittacosis, 383 

Ross’s black spores, 889 

restiarches in njos(|uito-inaIiiria Ihcory, y.\ 

— tiiick-lilin staining niet liod, 10*J1 
Houmlworm {.srr Aswaris Iuini)ricoid«*s> 
Hul)ia7,oIin in climatic laibo, 66<'» 

Hubiiio's rca('(ion in 1f )irosy, hi 3 
Unnning :^iTnok, 6')7 
Hinsi^ll’s b()(li(‘S, 7 10 
- viper, 838, 8 11 

niedic-inal use for \eiiotn i>f, 83S 

s 

Sabahones, 8t’0 
Saccobraiiclius fossilis, 8 13 
Sahib's disease, 17 1 
Sailor's skin, 18 
Sakusku fever, 330 
Salek, 197 

Salines, intravenous injections of, in <-liolcra. 

489, 4‘>0 
Salol, r.90, 801 

Salvatsan and derivatives, in goutnloj, <;32 

.. — j), krila-a/,ar, 190 

in fiiidaria, 123 

' — in Oroya f(>ver, 219 

- in pyoniyosit is. 707 

in raT bite fever, 2 12 

II, relapsing fever, 223 

- in typhus f<*v(‘r. 239 

- — in verruga jieniaua, 21tt 

in y;i\\s, 030 

— — derivatives of, 223 
Salvinia luitatis, 893 
Sandtlea, 700 
Sandtlies, 980 

' ■■ - and transmission of kala a/.ar, 179 

of oriental sore, 199 

— of Oroya f(*ver, 217 

of pbleliotonms fever. 103, 10 1 

(;(cc r/7.«e I’hlebolomns ; Sinmliuni) 

~ repellents of, 100(1 

Sandlly fever, 403 
Santonin in ascariasis, 803, 80<'> 
sareoeystis meisi'heriana , 891 

iniiris, 891 

- tenella, 891 

Sareoma, oeeurrmiee of. in iropi« s, 31 
Sarcophagu terniinalis. I0I3 
Sareopsylla, 701 

penetrans, 1018 (tig.) 

San'opsyllidii*, 1017 
Sareoptes acabiei, 970 
Sarcosporidia. 89 1 
“ Sasalu,” 033 

Scabies, }irevention and treatment of, 970 
Scarlet fever in Ironies, 48 
Sebaudinn's fluid, 103'), 1011 
Schistosoma (str Hilhar/.ia) 

Schistosomiasis {str Hilhar/.iasisi 
Sidustosoinulum, 9lo> 

Schizogony, 108, H07, 88o 
Schizoids, (t3, 75, S07, 880, 887 
Schizotrypamiin i ru/i, 87 1 
Schleaingcr's le.sl for mobilin in urine, 1027 
SchUl^ner’s dots, 880 

method of spleen measuremeut, 97 

Seiurotamiaa davidiaiius, 214 
Scleroderma, 785 
Scleroma respiratoriura, 70S 


Scolopendru Tuorsitans, 8 19 
Scomberomorus cavalla, 817 
Scopolamine, 828 
Scorj'ama, 847 
Scorpions, stings of, 817 

treatment of, 817 

Scott, IJ. H., and causation of sprue, 371 
Scott’s treatment of spnie, 591 
Screw- wonn, 1009 

infestation, 850 

S(Total tumour, 773 
" Scrub typliu.s," 237, 232, 2('i8, 209 
S<*urvy (in the tropics), 172 

{etiology of, 472 

diagnosis of, 17 1 

— — infantile, 473 

• proi)hylaxi.s of, 4 73 

Rsind, 173 

symptoms of, 473 

— — treatment of, 474 

vitamins and, 131, 132, 172 

Sdt. 386 B., 240, 249 

Sea anemones, poisonous, 8 10 

Sea-snakes, 838 

Sedimentation-rate in Icpro.sy, 012 
Segmeiitina largillierti, 895 
Septic sore, 679 
Septicannia and filariasis, 709 

due to B. coli, 315 

B. fa?C{ili8 alkalgcnes, etc., 31 I 

Seidicicniic plague, 290 
Sero-flocculation test for imilariii, 101 
Serum modification of Boeck and I)rl>ohlav's 
culture medium, 950 

sickness, in bacillary dysentery, 518 

Serum-formalin reaction in kala-azar, 190 

in sleeping sickness, 151 

Serum-therapy in bacillarv dyseidcrv, 51») 

in infectious jaundice, 230 

in Japanese river fever, 273 

in malaria, 100 

in plague, 293 

in psittacosis, 383 

— - — in rabies, 393 

in relapsing fever, 219 

in snake- bite, 8 13 

in tvphus fever, 259 

in undulant fever, 319 

in veld sore, 08 1 * 

-in vims infections, 351 

in yellow fever, 375, 37(i 

Sesiinna dehaani, 903 
Seven-day fever, 230 

{etiology of. 237 

diagnosis of, ditYerejdial, 237 

geographical distribution of, 237 

— symptoms of, 237 

treatment of, 238 

Shea butter, 33 

Sheep {lud Rift Valley fever, 377 

Shiga and <iiscovery of Bacillus dyseiiteme, l9S 

Sliinmmushi, 208 

Ship beriberi, 430 

fever, 26 1 

Shook Jong, 057 
•* ShOshin,” 449 

Shotilder-pain in liver abscess, 5iy 
Shueki, 236 

Sickle-eell anmniia, 38, 1020 

. blood changes m, 40 

Itatiiology of, 4t) 

symptoms of, 10 

(it-Hiniciit of, 10 

.''iderosls in malarial luichexia, 97 
Sigmoidoscope, 72u, 730 
Simla satyms, 879 
** Simple wntinued fever,” 237 
SJrnulium lOUO 
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Saiulium aviduin, 965, 1000 

damnosum, 783, 966, 1000 

indicum, 1000 

mooserl, 965, 1000 

ochraceum, 965, 1000 

reptans, 1000 

vittatum, 1000 

Sinton*8 alkaline quinine treatment in malaria, 
108 

Siriasis, 418 
Sirkari disease, 174 
SitutunRa, 131, 14‘J, 161, 874 
“ Sixth ’* venereal disease. (158 
Sizolin, 728 

Skevos-Zervos disease, 8iG 
Skin diseases, bacterial, 673 

fungus, 085 

in candiiiates for tropics, 6 

nou-speoidc, 673 

of animal origin, 700 

grafting in tropical sloughing phagcdirna, 

679 

pathological effects of tropical climate on, 

18 

reactions, effects of tropical climates on, 15 

Sleep, in tropics, 21 
Sleeping sickness, African, 138 
history of, 138 

— discovery of cause of, 138 

gambiejisc, 138 

— (etiology of, 138 

chemoprophylaxis of, ICO 

complications of, 149 

danger of spread of, 161 

diagnosis of, 150 

animal inoculation, 153 

by blood examination, 151 

tjy gland puncture, 152 

by lumbar puncture, 152 

Py suboccipital puncture, 

152 

— geographical distribution of, 1 38 

immunity from, 150 

incubation period of, 140, 144 

“ Kerandel’s symptom ” in, ill 

— mortality of, 149 

pathology of, 142 

— _ prophylaxis of, 159 

rash in, 146 

reservoir hosts in. 111, 161 

r61e of tsetse tly in, 140 

symptoms of, 1 44 

terminal stage of, 147 

transmission of, 140 

cyclical, 140 

mechanical, 141 

treatment of, 153 

with antimony, 155 

with arsenical coinpouiid.s, 

167 

with *' Bayer 205,'* 153 

and tryparsamide, 

157 

with other preparations, 

168 

with tryparsamide, 155 

Winterbottom’s sign in, 145 

rhodesiense, 162 

cetlology of, 163 

diagnosis of, 166 

geographical distribution of, 163 

prophylaxis of, 166 

reservoir-hosts in, 164 

^rmptoms of, 164 

treatment of, 165 

(tee also Trypanosomiasis, South 

American) 

Slides, cleaning, 1021 * 


Slime fever, 229 
Slipules, 638 

Smallpox and alastrim, 408, 412 

and vaccinia, 408 

diagnostic tests employed in, 410 

methods used in diagnosis of, 410 

principles of serum treatment of, 409 

relation of, to other pock diseases, '108 

Snake poisons, 837 

mcKliciual uses of, 838 

Snake-bite, 840 

coliibrine, symptoms of, 810 

treatment of, 842 

■ serum, 813 

viperine, symptoms of, 8 1 1 

Suakes, 837 

classidcation of, 838 

identification of, 838 

Soaps in heces, 1034 
Sobita in yaws, 637 
Sodium bicarbonate in cholera, ltd 

bismuth tartrate in yaws, 637 

hydnocarpatc in leprosy, 61 I 

morrhuate in leprosy, 61 1 

tartrobismuthate in hiptospirosis, 236 

Sodium-antimony tartrate for kala-a/.iir, 192, 195 
Sodoku, 239 
Sokosha, 239 
Solar dermat itis, 1 8 

keratoses, 18 

Solganol in climatic bubo, 66 1 

in relapsing fever, 226 

Solustibosan, 194 
Sonne’s bacillus, 500 

dysentery, 506 

Sore feet of coolies, 820 
Sostol, 823 

South American trypaiiosojiiiasis (srr Try* 
Iianosomiasis, South American) 

Soya bean, nutritional value of, 32 
Sparganosis, ocular, 920 
Span^aniirn, 919 

niansoni, 821, 919 

j>roliferum, 821, 921 

Speke’s antelope, 142 
Spennophilus dauricus, 282 

eversmani, 282 

— — guttatus, 282 
Spherocytosis, 1027 
Sphyneua barracuda, 8 IC 

picuda, 846 

Splifierita, 864 
Spiders, bites of, 818 
Sfurillum fever, 211 
laverani, 240 

minus (morsus-muris), 239, 893 

muris, 210 

Spirochajta, 211, 893 

anserinum, 892 

berbera, 213 

bronchialis, 892 

carteri, 213 

crocidune, 215 

dentium, 892 

duttoni, 212, 213, 21 1, 215, 216, 222, 892 

in 63n. 

eurygyrata, 568, 892 

gallinanim, 892, 976 

graclle, 892 (lig.) 

hispanica, 215, 22 1 

laverani, 893 

maracana, 213 

morsas-muris Spirillum minus) 

muris, 893 

neotropicalis, 213 

normandi, 215 

novyi, 213 

obermeieri (tee Spiroclueta recurrentis) 
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SpirochSDta of relapsiug fever, table of strains 
of, and related symptoms, Tabic facing 
p. 212 

pallida, 621, 633, 892 

persica, 213, 216, 221, 892 

pertenue, 618, 621, 892 

and S. pallida, 621 

cultivation of, 621 

- — demonstration of, 621 

morphology, 621 

reourrenlis, 211, 212, 217 (figd, 2IS, 2lf, 

892 

— characters of, 212 

cultivation of, 213 

demonstration of, 212 

different strains of, 213 

refringens, 892 

schaudinni, 675, 892 

venezuelensis, 212, 213, 215, 218, 221 

vincenti, 892 

Spirochajtal dysentery, 568 
ftpirochajtes, 891 

and spirilla, fevers caused by, 211 

cultivation of, 213 

tletection of, bv dark-ground illumination, 

213 

inoculation with, 214 

schema of different forms of, 892 (fig.) 

.SpirocliaBtosis icterohtemorrhagica (ire Infer^tious 
jaundice) 

of fowls and geese, 892 

Spirocid {see fitovansol) 

Spirodela polyrhiza, 895 
riplecn, amoebic abscess of, 563 

enlargement of, in bilharziasis, 731 , 733, 729 

in blackwater fever, 89 

in enteric fevers, 332, 336 

in infectious jaundice, 233 

in kala-azar, 182, 184 

in malaria, 67, 74, 94, 101 

in raaJarial cachexia, 94 

in Oroya fever, 246 

in relapsing fever, 214, 219, 221 

in spotted fever of Rocky Mountains, 

267 

in trypanosomiasis, 147, 170 

in undulant fever, 313 

■ measurement of, 9«l 

I>uncture in kala-azar, 188 

in malaria, 102 

rupture of, in malarial cachexia, 74, 95 

Splenectomy, in Egyptian sidenomegaly, 734, 742 

in malaria, 74 

in sickJe-ccll amemia, 40 

Splenic index in malarial cachexia, 95, 96 
Splenomegaly and hepatic cirrhosis, 732 

as contraindication to tropical life, 5 

Egyptian (see Bilharziasis, visceral) 

in Cooley's anmmia, 41 

tropical (see Kala-azar) 

Sporoblast, 867 
Sporocysts, 867 
Sporogony, 867 
Sporotrichosis, 647, 649 
Sporotrichum beurraanni, 647 

schenckli, 647 

Sporozoites, 867, 887 

Spotted fever (of Rocky ilountains), 252, 264 

Qjtiology of, 264 

compUcatiODS of, 267 

diagnosis of, 267 

aphical distribution of, 264 

J ' of, 264 
ity of, 265 

pathology of, 266 

prophylaxis of. 268 

seasoiiai provaJence of, 266 

symptoms of, 206 


Spotted fever, treatment of, 268 

virus of, 250 

Sprue, 570 

aetiology of, 571 

anmmia in, 575, 676, 580 

treatment of, 582 

calcium deficiency and, 571, 576 

complications of, treatment of, 593 

constipation in, treatment of, 590 

convalescence in, treatment of, 592 

course of, 578 

diagnosis of, 580 

diarrhoea in, 677 

treatment of, 589 

diet recommended in. 583, 585, 592 

dyspepsia in, 575 

treatment of, 682 

epidemiology and enderniology of, 570 

geographical distribution of, 570 

liistoiy of, 570 

incomplete, 678 

gastric cases of, 578 

intestinal cases of, 579 

— ^ — without diarrhoea, 579 

intestinal atrophy from, 579 

latency of, 580 

mouth lesions in, 574, 579 

treatment of, 588 

non-tropical, 581 

patholo^ of, 571 

prognosis of, 582 

protopathic, 578 

radiograpliic findings iu, 582 

rash in, 580, 592 

return to tropics after, 10 

sequelm of, 579 

symptoms of, 673 

termination of, 578 

tetany and cramps in, 577 

treatment of, 591 

tongue in, 579 

treatment of, 582 

by blood transfusion, 591 

by drugs, 588 

by fruit, 587 

by high protein dietary, 585 

milk dietarj', 585 

by liver extract, 591 

by milk, 586 

and high protein dietary, 58 

high protein, 585 

climatic, 588 

general, 682, 588 

in convalescent stage, 592 

Sentt’s, 591 

subsidiary methods, 592 

types of, 578 

urine in, 576 

Sprulac, 583, 585 
“ Squatting test” in beriberi, 452 
Stabilarsan, in Japanese river fever, 273 

in kala-azar, 196 

Stable-fly, 1002 
Stained blood-filtns, 1023 
Stanton’s disease, 307 
Staphylococcus pyogenes albus, 682, 706 

aureus, 682, 706, 707 

Starch granules iu heccs, 1033 

in nutrition, 25 

SteatorrhoBa, idiopathic, 580 
Stegomyia, 995 

alboplctus, 996 

' fasciata (see Aedes eegyidi) 

pseud oscutellaris, 996 

and filariasis, 751, 950, 953 

scutellaris, 9J>6 

variegatus, 996 

Sterculia, 832 
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Sterigmabocystis iiidulaus, G41 
Sternberg’s mixture, comi>omtion of, 372 
Sterol, 26 

Stlbacetin, 198, 070 
Stibamine-glucoside, 194 
Stlbenyl, 670 ' 

Stibosan, 193, 670 
Stomoxydinaj, 1003 
Stomoxys, 1002 

calcitrans, 303, 100r> (fi;;'.) 

and Dennatobia cyaniv eiitris, 1012 

‘ ‘ Stoss-Therapie, ”319 
Stovarsol in amcebiasis, 542 

in malaria, 124 

in relapsing fever, 220 

in yaws, 638 

Streptococcus litnnnolyticus, 702 

longus, 769 

pyogenes, 682, 70<! 

Strongyloidcs stercoralis, 939 

eggs of, 942 

liie-bistory of, 039, 941 (iig.) 

patliogent^sis and treatment of, 942 

•• Strumous bubo,” 658 
StudabatL, 567 

Subdiapbnigmatic abscess, 557 
Subintrant malarial fever, 77 
Subtertian malarial fever (see Malaiia fever, 
subtertian) 

Subtropical zone, 12 
Sulphanilamide, in elimalic bubo, 664 

in leprosy, 61 4 

in mycetoma, 0 15 

in plague, 294 

in pyelitis, 34(1 

in Rocky Mountain fever, 209 

— — in tropical inyosyotis, 707 

pneumonia, 48 

in uiidulaut fever, 319, 320 

abortus type, 328 

in variola, 411 

in viruses diseases, 351 

Sulphapyridine {see M. tV lb 093) 

Sulphostab, 225 
Sulphoxyl-salvarsan, 225 
Summer eruption, IS 
” Sun disease,” 4(‘>0 

helmet, 20 

Sunstroke, 414 

of the skin, 460 

Sun-traumatism, 416, 417, 423 

eetiology of, 423 

treatment of, 424 

Superbin, 828 

Suprahepatic abscess, 556 

Suprarenal glands in subtertian mah ria, 71 

” Surra,” 1005 

Susliks, and plague, 28 1 

” Swamp fever,” 230 

Sweat-glands, fatigue of, 4 1 5 

” Swimmers’ itch,” 917 

Sylvilagus, 304 

Synanceia, 845 

Syncopal sublertian malaria, 82 
Synkaryon, 867 
Synovitis, filarial, 769 
SynthaUn, 158 

Syntonosphyrum glossincc, 161 
Syphilis and yaws, 618, 619, 620, 63.» 

diagnosis of yaws from, 636 

Syphilitic nervous disease in tropics, 49 
Syringomyelia, diagnosis of leprosy from, 6 1 1 


T 

T.A-.E. (triple vaccine), 343 
in climatic bubo, 663 


Tabauidte, lOOj 
Tabanus ustus, 1001 (fig.) 

Tabardillo, 254 
Taenia africana, 923 

bremneri, 923 

confusa, 923 

hominis, 923 

larval forms of, occurring in man, 923 

lophosoma, 923 

inulticeps, larval form of, 923 

uana, 927 

philipi)ina, 923 

saginata, 821, 822, 923 

characters of, 923 

— eggs of, 923, 103 1, and I’l. WXIII, 

facing p. 1025 

larval form of, 923 

— life-history and pal lioi^ctK-sis of, 923 

solium, 821, 822, 923 

characters of, 92:! 

— eggs of, 922, 1031, and 1’!. XXXIII, 

facii;g p. 1025 

larval form of, 82 I, 923 

life-history and pathogenesis of, 921 

'ramiorhynchus afrit^nnus, 953, 99 1 

faseiolatiis, egg of, 982 (lig.) 

Talnui-Morison operation in visceral bilharziasis, 
737 

Tanganyika Territory, slecjiin:: sickness in, 165 
'raix'worms (see ( ’<*stodcs) 

Tarabagau, 283 

and plague, 281 

Taraktogenos kurzii, 612 
Tarantula spider, 848 
Targesin, 516 

Tartar emetic (see Antimony) 

’I’aterona lobcngulie, 283 
Tatusia novemcincta, 173, H76 
Tebetrcn in malaria, 109 
'l’e<!th, examination of, 3 

4’elemaim’B metbo<l of llnding OL'gs in inte^'t iiml 
bilhar/.iasis, 736 
'rermitcH, and S|»me, 571 
'J'ernidens deniinutus, 938, 939 (fig.) 

Tertian fever, 74 

(see Malaria fever, tertian) 

'I’etrachlurethvlem', in treafnamr of taprwonn, 
943 

4'etraform, 80(i, 815 
'retrainitua mesnili. 864 
Tetratrichomonas, 866. 

Tetrodon, 846 

hispidus, 846 

Thalassicmia, 4 1 
'I'halassophryne, 845 
Thcileria parva, 24 4 
'I’herapeutic malaria, 63 
Thermic fever, 380 
’Fhevetia alionai, 827 

ueriifolia, 827 

Tbevetin, 827 

Thevetosin, 827 

Thiamin, 427, 440 

Thirst, in tro])ical climates, 18 

Thoma-Zeiss haemocytomet er, 1025, 1026 

Thomomys bottai botta*, 303 

'riireadworm, 942 

Three-day fever, 10.3 

'I’hymol, 565 

'J’hyroid afiections in candidate for tropics, 7 

involvement in South American ttypanoso- 

miasis, 170, 171 

Tick, and typhus-like diseases, 252 

development of parasite of relapsing 

fever in, 216 

— fever, 211, 215, 216, 222 
paralysis, 264 w. 

|>roi)hylactic measur(?s against, 226 
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Tick, t 7 ])iiU 8 , ‘^b'2, 'J62, 264 

South American tomi, 26 

Ticks, 978 

" harrl,*' D?.'* 
hfr hiptorv' uf. P*'.'; 

"soft,” 'i7«; 

** Tiger mosquito,” uy.' 

smike, Australian, H (0 

rimboiu, 827 

Tinea tinea, 890 

'J’inea criiriH (.vee Dliobie's iteii) 

- iinbricata, 60.‘; 

- unguium, uo:'. 

“ 'I'iqui-tiqui,” in beriberi, 4e(> 

'I’oeopherols, 4.T1 
Tokelau ringworm, «’>ur> 

'I’ollwulh, 884 
'I'ongue sprue. aTU 
Topee, 20 
'Toreel, 10L2 

Torulojiis hystolitiea, G48 
Torulosis, 048 
'Totiuniinu in malaria, 109 
'I'raeliiuus, 8 la 

'Tratlo-wind Itelts, climate of, 12 
Transfusion in blackwater fever, HO 

i u sprue, 89 1 

'Trapa, bicornis, 80a 

natans, 808 

'Travelling vermieule, 887 
'Trematoiles, or llukes, 8'.* 1 

— key to terminology of, 89 \ii. 

eggs of, in fanes, Oaij, ami 1*1. X.VXTII, 

facing p. i028 
- preserx ation of, 000 

- - preservation of, 000 
'Trench fever, 2al, 201 
'Ti'iatOTiia, 87.'), 1015, 1010 

— chagasi, 1016 

— - cliniidiata, 1016 

var. maculipeimis, 870 

- geniculata, 172 

infestans, 168, 876, 1010) 

- megista, 168, 172, 872, 87.8, 1016 

South American trypanoso- 
miasis, 166, 168, 172 
~ protracia, 876, 1016 

— - rubrofasciata, 876, 1018, lOI0» 

sauguisuga, lOlO 

sonlitla, 876, U)16 

vitticeps, 876, 1016 

'Triboudeau’s lucmatX)xylin test, 018 
'Tricercomonas iutcstlualis, 80 1 
'i’richinella spiralis, 045 

diagnosis of, 047 

Triclilorethyleue in ancylostomiasis, 810 
'Tricbocephalus dispar, 044 

hepaticus, 945 

Tricliodectea canis, 920 
Tric homonas buccal is, 866 

cavifiB, 866 

— — hoiniiiis, 865 

. in bacillary -d>'sentery exudate, 511 

intestinalls, 568 

vaginalis, 866 

“ 'i'richomycose nodulaire,” 600 
iTichomyc^osis, 690 

nodosa, 609 

'Trichonocarcliasis, <>99 
'i’ricliosporon boigeli, 690 

giganteum, 698 

Trichosporosis, 698 

Trichostrongyhis colubrifonnis, 939, 940 ffig.) 

eggs of, 940, 1029 and Pi. XXXlll, 

facing p. 1025 

orieutalis, 939 

probolurug, 939 

'Trichuris tricldura, 944 


'Prichuris trlcLlura, eggs of, 044, 1029, and Pi. 

xxxiTT, facing p. 1025 
Trlmeresorus, bit^s of, 84?. 84.S 

gramineus, 839 (fig.) 

lanceolatiis, 842 (ng.t 

Trinidad diwase, 387 
'Trional, 318 
'PritrichomonaH, 866 
Trombicula akamushi, 971, 972 

and .Tapanese river fever, 268, 2t;o 

and tropical tyf>huK, 2<)8, 269 

coarctala, 270 

deliensis, 252, 971 

and Japanese river fever, 200, 270 

and tropical typhus, 269 

schllffneri, 971 

'Trombldiidae, 971 
'I'ropical abscess, 545 

amemias, 35 

climate, 12 

— pathological effects of, 18 

— physiological effects of, 1 1 

Oil acid-base equilibrium 

and basal metabolism. 17 

on blood, 16 

on body temperature, 14 

— — on circulation, 16 

— — — on digestion, 16 

on generative fumdion, 17 

on growth, 17 

on nervous system, 17 

on perspiration, 17 

on respiratory' exchange, 1 5 

on skin reaction, 15 

— — on urinary' e\crHion^ 18 

diarrhoea, 570 

liver, 43 

t reatment of, 43 

macrocytic anfemia, 36 

neurasthenia, 630 

pyorayositis, 705 

sloughing phagedflLMia, 674 

ujtiology of, 675 

diagnosis of, 676 

distribution of, 674 

symptoms of, 675 

treatment of, 676 

by calcium injection, 679 

by elastoplast bandaging, 

678 

by excision and Thiersch 

grafting, r)79 

by tar, 678 

sore, 197 

splenomegaly, 1 7 4 

typhus, 268 

'Tropics, acclimatizatioi' to, 10 

beverriges in, 22 

climates of, 1 2 

clothing in, 20 

children’s, 2 I 

wmnen's, 21 

commoner diseases in, 42 

exercise in, 21 

food in, 21 

life in, I, 20 

age for, 2 

general ob,servations on, 1 

mental suitability for, 1 

physical suitability for, 1, 2 

nutrition in, 25 

passing candidates for, 3 

patients as lit to return to, 9 

preparations Ireforo sailing to, 8 

principles for increasing bodilv comfort 

in, 23 

sleep and rest in, 21 
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’rrvioiUoBoma, 871, 87l» 

— bmcei, 164, ifio, nv.i, 104, h/i, nr:, 87:; 

rxingolense, 150, 873 

cruzi, 166, 167, 873, 871 

transuiissioii of, los, l(H >, loic. 

~ - eqmperduin, 160, S7I 

rscouidi, 874 

cvansi, 871, 87l.’, 1006 

<?uu»l.)ienso, 138, 1 :>*.», 110, 111, 112, 150, 

151, 155, 161, 163, 10 1, 166, 166, 872, 871 

Icwisi, 871, 872, 876 

melophagiiim, 872 

neoioina?, 1016 

i-'iitrorieiisti, 873 

— — ^ rluxlesieiist*, 150, 161, 101, 163, 161, 165, 
166, 871, 872, 873, 87 1 

theileri, 872 

vivax, 150, 872 

Trypiinosomes, 138, 870 

action of human scrum on, 160 

culture! of, 139, 872 

methods of development of, 872 

- of transmission i>f, 871 

structure of, 107, 870 

Tryi>anosomiasis, hunuin (.vrc Sleeping sickness, 
gembiense ; SltHjpin^: sickness, rhodesi- 
enst! ; Tryjainosomiasis. .South Ameruain) 

redurn to tmpics afka-, 9 

South American, 160 

— ™ mtiolo-^'y of, 167 

_ — — .. annual rcsi'rvoir-hosts of, 173 

diagmesis of, 171 

__ — --geographical distribution of, 

167 

history of, 166 

])athoiogy of, 1(!9 

prophvla.vis of, 172 

symptoms of, 169 

transmission of, 168 

■ ■ — — treatnauit of, 172 

Tiyparsamide in gambujuse sleeping sickness. 
156 

— — — combined witli “ Payer 

205,” 157 

optic neuritis following treatment with, 

1.66 

Tsetse tlies (see Glossina ; Crlossiiue) 
Tsutsugamuslii, 268 

Tuberculosis in candidate for troj»ies, 1, 6 
in tropics, 17 

'J'uberculous ulceration of bow(*,l, dysentery and, 
526 

Tularaimia, 302 

jBtiology of, 303 

diagnosis of, 305 

from plague, 291 

epidemiology and endemiology of, 302 

history and geographical, distrilmtion of, 302 

pathology of, 304 

proptiylaxis of, 306 

symptoms of, 304 

treatment of, 306 

Tull Gras Lumiferc, 679 

Tumbu fly, 851, 1010 

Tunga penetrans, 700, 701, 1018 (iig.) 

Tungidoe, 1017 

Tunnel disease (see Ancylost omiasis) 

Turnix taigoou, 271 
^Typhoid fever (sec Enierit; fevers) 

remittent fev(;r, 79 

Typhus exanthernaticus, 251 

fever, 252, 254 

adiology of, 254 

diagnosis of, 257 

by agglutination, 1036 

by Weil-Felix riaction, 250, 258 

from typhoid, 339 
- from iindulant fever, 318 


Typhus fever, endcini*’, 260, 26) 

geograplflcal distribution of, 254 

— incubation period of, 256 
- )tiith<tlogy of, 1*56 

prophylaxis of, 1*69 
rasli of, 266 

- - symptoms of, 266 

treatment of, 269 

Py senim, 26'9 

tnie, 264 

fl(‘a, 260 

group of fevers, 260 

— cl.assification of, 262 

icteroides (see Yellow fever) 

pellagra, -P!? 

Rcmb, 262, 26.8 

tick-bonif, 262 

- - ti-opical, 268 

cetiology of, 270 

epidemiology of, 269 

liistory «.)f, 269 

— mortality of. 273 

jmthology of, 271 

j.ropliylaet ic inoculation acaiiist, 274 

return to tropics after, !• 

- symptoms of, 272 

~ virus (see Rickettsia) 

- - (see also Brill’s disea.M'; .lMpancs<- river 

fever; Spotted fever; 'I’iek tyjOius) 
'lyroi-rlyplms, 704 


u 

1; leerating dermatitis, <’.H ( 

granuloma of pudenda, fltit. 

— a-tiology of, (‘.tin 

diagnosis of, »:69 

geogmpliica] distril)ut ion rif, 

666 

incubation j.criod of, »;»:7 

— — j.uthology of. 666 

— prophylaxis of, 672 

symptoms of, 667 

— treatment of, 669 

„ . by antimony eompotinds 

670 

— by A -rays. 670. »>71 

Ldeus tropicum, 674 
IBeron, 346, 707 

ritra-violet radiation, efT(*ct of, on calcilicaf ion, 
391, 392 

— — - in sprue, 592 

l.'nehuca and South American trvi'anosf.miasis, 
168 

IJncinaria steuocephala, 820. 863 
l.'ncinariasis, 806 
IJiidulant fever, 309 

aetiology of, 3 1 1 

after-eftects of, ill 6 

— ago anil, 310 

agglutination in, 317 

— complications and seijuela! of, 316 

diagnosis of, 316 

lui*moculture and, 317 

“ niiJitene. ” reaction in, 316 

....... diet in, 320 

— - duration of, 318 

epidemiology of, 310 

— . , (dieese and, 311 

— gojit’s milk and, 31 1, :!2l 

mtinure and, 311 

— — milk and, 311 

— mode of infection in, 311 

season and, 810 

— iiistoiy and geographical distribution 

of, 309 



INDEX 


1081 


Undulant fever, immunity from, 318 

incidence of, in Army and Navy, 310, 

321 

incubation period of, 313 

paramelitensls group of cases of, 31 

patholo^ of, 313 

prognosis of, 318 

prophylaxis of, 320 

Ijy inoculation, 322 

return to tropics after, y 

syrn|>toms of, 31 3 

treatment of, 318 

Ijy injection of metallic com- 
pounds, 318 

\)y protein shock, 313 

by serum, 319 

Py sulphanilamides, 319 

Py vaccines, 319 

by X-rays, 318 

(jiet in, 320 

types of, 310 

{see also Abortus fever; 

(Tragoga granatenais, 537a. 

Urea stibainine, 191 
Urechites suberecta, 827 
Urechitin, 827 
Urechitoxiu, 827 

Urinary excretion, elTect of tropical climate on. 

Trine, chylous, i-haracters of. 707 
■■ - exanimat ion, spectroscoiuc, 1028 

in blackwater fever, 93 

— in malaria, 73, 78 

in yellow fever, 307 

isolation of Brucella trom, 312 

test for atebrin in, 1029 

— . quininf in, 102S 

I'robilin, 1028 
Trobiliiiogen, 1028 
ITrotropine iti dengue, b»2 
(la, 208 


V 

\ affinalion. S 

Vaccine prophylaxis (see Inoculation, propliy- 

lactic) 

ine-therapy in climatic bubo, OGl 
— — in enteric fevers, 312 

in lilariaais, 702, 77 7 

in oriental sore, 207 

in jilague, 29:’» 

in undulant fever, 31 9 

N'accinia, relation of, to variola, 108 

smallpox and, 411 

vims of, 349, 411 

Vampire bat, and rabies, 381, 387 
V an <len Bergh’s reaction in malaria, 7)8 
\ aricose groin-glands, 757, 702 
\ ariola minor (see Alastrim) 

relation of, to vaccinia, 408 

virus of, 409, 411 

Veganiii, 318 
' egetable ymisons, 827 
Veid sore, 079 

(etiology of, 080 

geographical distribution of, 079 

prophylaxis of, 081 

svmptoms of, OHO 

treatment of, 081 

Velvet mites, 971 
\ euereal diseases, Irupical, (‘..‘•S 
\ er du Tuyor, 851, 1010 

macaque, 851, 1012 

Vermicule, travelling, 3, If 
Venuijelli,*' 407. 1019 


Verruga peruana, 243, 247 

aetiology of, 244 

and Oroya fever, 343 

diagnosis of, 245 

Incubation period of, 216 

mortality of. 246 

pathology of, 245 

symptoms of, 240 

treatment of, 240 

Vesical calculus, occurrence of, in Lroiiics, 19, 45 
Vibrio, cholera (see CJomma bacillus) 

Vicia saliva, 828 
Viciue, 828 

Vincent’s white mycetoma, 611 

Viofoim, 540n., 543 

Viper, 838, 840 

Vipera russelli, 838, 841 

Viperid®, 838 

Viperinae, 841 

Vinises, 347 

action of, on cells, 3 18 

cultivation of, 349 

diseases caused by, 317, 3 18 

— epidemiology of, 37)1 
-- immunity from, 350 

art-iliciul, 352 

jirojihylaxis of, 351 

treatment of, 351 

filterable, 347 

filtration of, 319 

history of, .34 7 

inclusion bodies of, .3 19 

measurements of, 350 

physical properties of, 350 

(see also Ulimatii' bubo ; Dengue ; Phlebo- 

tornus fever ; I’sittacosis Rabies; RiP. 
Valley fever ; \'accinia ; Variola ; Yellow 
fever- 

" Viscerotome.” 370 
Vitamin A, 420 

diseases due to deficiency of, 420 

antineuritic, 425 

antirachitic, 426, 427 

antiscorbutic, 420 

antisterility, 420 

auti-xerophtbalmic, 425 

B, 427 

— — and beriberi, 438, 410 

and pellagra, 163 

factors of, 427 

isolation of, 135, 140 

C, 342, 430 

— — and 472 

D, 432 

and rickets, 432 

production of, 133 

ndation of, to j)aruthyroid gland, 433 

deficiency diseases, 125 

(see also Beriberi; Pellagra; 

Scurvy) 

K, 433 

(1, 429 

K, 434 

Vitamins, 425 

elassiticution of, 125 

constitution of, 427, 429, 430, 431 

fat-soluble, 420, 432, 134 

water-soluble, 426, 428 

Vitiligo, 073 

diagnosis of lepiosy from, 010 

Vleminckx’s solution, 089 
Volutin, 1033 

N'omitiiitJ sickness of .lamaica, 828 
“ Von Hey den 4 71,” 193 
•• 001 ,” 19 1 

•• 194 

Vulpes fulvu, 788 
Vulva, elephantiasis of 77 4 
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- symptoms of, 622 
synovitis in, 634 

svDhilis and, 619, 635, 6,36 

treatment of, 686 

by arsenical preparations given 

mouth, 638 

. . _ - . — by bismuth coinjxiunds, 6.3 7 
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